
Ben Rabah £ 


/W 







Ben Rabah 



jji\ 4^1 ijuoJl 

ijilil' uljUijuu^ll 3 u)jjJI JjJI 


•ijL jyjJj 4A4JKI 

jjj> . 1. jLiib 

<ooiL>JI jjVi cuL <jul> 


jUA* -ux4 jJt 

jJl*J' <uli> iLjaiJI jlLjil 
i^jkliJI 4 jl*L-w 


JbJL_w j^LSdlt 

* jJL*J'' <ulS - vLjjjll jllu.1 
o^udi -ijwL*. 


Lwb hU 

Jua£j «LjoA!l 


-Ill- 






^_ U J—iJiw - Jrt-*" ib_J 

4t..«i<!l iljtiSj jJ>j jjbfvl*** <LwL> ,> 

Xju J-»f jl JUU } LmU :^4 ‘’v-jjeij' J 

Jji_i l iLwL^jill (-L^^jLII Jl*_4 jJ BljjJiJl 

C/LuL> j_J <rfjU—i*l'l \- K r M A 
‘Ldj^s l!L->4 j-i <t— jLxj* jJj 

wljiSj siuAO _vij JxLliUlj ol^jJ*JI 

. JL>Jl jiJj jS IjJaJI cjLIjjJJ ^jilt 
Luu>JL c,»Ja)I ciiliw 

r U jJi J 3 H\ L»j 4IL LuAJ « ^4-J 11 yliLj 
J_>ljj JMJk obji-Jl ^ .; « > jit *U>(iJl 
^ ^LJI jM ^ j*iU ‘LiJ iUj jJ Uj , <L*t 
jJI A^S'l v 1 -^ j-* boe 

0 wU (JIaII jj *~>}Uajl j* jjiS L^pjjsl-W 

: . I fc ju9b 

J_^> jJj , 4 _u_jl>JI ( b_j—ulu ) jflS cwL <ul» jj u ..,. r^ JI ^_jUJIj dlillj |k-i jii-i ** 
j_* SyJUl J _»3 . j_jJsuuilj i«L> jj iUiJI i>jJ» ; i«L> > J ^^lil UjJ Ji 

JL>u iu—Li jJ ■k)->b , j Jjt»- jS ^34 iS>i ji kii>L jibjjtf J*t 1969 Ji> 195 1 

. jjJJl W>^p£j) tl^J 1 oi>J OCtSb jUii-i'llll Jj> 4 . ;i ij.ih'^ UjVI 

ji£ ♦Lji)! r Li ^ 3^1 buL> 4i*fJ 1969 j»U .y> J 1 p-^l« 

j-LjJI JJjJi ,> C***^ bjllJl *1^3 ji J Jai '3 ^m?UI ll-< 

. r 4 jus« jjJ( o'aliU ■U-iLi'i' obfl v-oLoil 
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: ot&IJ iwlA'l iiJill 


' «l 4-!jk* ki/ljUlil j^Lc Jy*a ji lij I l jfii ji <! i\jt pJ i_il^Jl Ik jli Lljj 

^_Lui ^_i 4.-ii j . ili JJ a^iLx< jL-tu'il p3 v s } jy* jk pj k 5-uu ,j* L»1 I xu JS Jjl« pj^j 
oloaLiil j> - lika ul)j jlS Ui _ oUIm -did 4 Jo_I*j Lpx k ij jkjVl JI ^jl^JI .-jyjis pl^j kavkyj <J 

, o/lil 

wijijl ^ -UJ-klkl <Uel>Jl ^ajUJ LLi iulLJl olklyj*)ll 

i s_JLS| J>i« . OJ Jam jjna Uji jjjj£dl (ji j*k»)l J* lj J ^ u£i (ji <^1^1 jk - 1 

(jjU k_JU»)l jjk ji ji . <**5 JiLa J_> ^_k ojjJUl j_» t jJLLI oljLl>l pk*» ^Ll L>jJa> yjjQ 
. iuLui jjjJsj jaku 4a£y i>£»w3 oLbv! JJ JyuJl 
J_>j! 4 _jiai 1 ^ , . j lc LU^I jJui r~*y 4_jJji>j 4JkJ 4—^ SjjiJl ^k JjLJI J> S^jill pyj, 2 
JjLxll ( 2 ) j iJLJl 43^*11 ‘Ojjj-aJl JjIjaJI ( 1 ) ! U jjaxj jk jjjiJI <Jaw*ill ok lil^s jf-p'j'ij 
4 jL>I-jI J^iSl j_d Jxxll JlyJI jl k_JLUl pkw ji Jj'ij . iJvfjvJI wiljj 43jj*ll Jjlyjl :k jjj LiJ ^jJI 

. U 4jU <Lyljtul 

'i J_J oli Oilkll -di-iS'l 4_CLj-o l_JLUI plLuk jj ^i>j . v (04^1 JiUl >• ja IJli o'ilkll JS ,yUy_ 3 
J_k J_^y Lkli ibyill 4 a) y ol*3l^l ji ^k ja ’iljjj . £+* j! LfU >Ji ,Ja LjIj jji 

JUka ij^aj -kjjAJ Jij lj) t SJ.1*4 oLaslk aia ,. jU; sbjkll ^jU« jS IjJsO : <ui y»» JUJI p^ill oku" 

•Lblju ^_1 oj U 5JU jk 

. lJjI+11 ^ ®jkJI v_»Lui^l Ja-JI i>l jA kllkll JiLil j« jxA JJ 6 j! _ 4 
• da *^l-iuLll olijUJI ^k 3^5ji!U jujo_ ojlil (>***)- j' - ,r> 

• ( ) <j-XaA5a)I ,J* cjijJl ujkl jSy jjjkII ^jLi jk l yull jjLaJI ^IjUaJI jji* j] cu> _ 6 

jj-ill j-* ‘Lfk'ill jk 4 j muII iilil pljf^l viij> ^ 5 j)l jjJswJl j* JJDI jy., piko "il »_JlkJl jls ( jJ 
oLluLiD ULjJaJI jlijll w «jij_Aill iwulku ja'L. JI ti;4>j)l ‘lyvl tu'kU -u)L>JI oliLuLlJI - ■ !-_■*-. I jl 

4iaJ>Jl oljjkjJL I j 1 .1' « “ pa ^1 4a5lu-M£)I ^JjljJl ^jAaLx) jl ja jj^J j/)lj 


LjjUI <UjWI J iup^k>4i olijjyLiiJI 


»lj>l .Um> Jl JJukl)! v-ijL'iiL k.J. a oliill ja 4 aJsJI :k oilj'i 

likllul 


^jljl\Ia^ll i jImD <Ujlj>JU 4ku)liuil _v£>l_v*JI 
'LwJ? 1 Ja« ' J 

oL^ajulj, iyaj' 

'Ufytfjll >uLa 1 ^ LjllJl ■~'Ij,;_‘*‘II *-Ij>I pj ki <il)j Ut 
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2 a I a n 1 1 

JjSl J—ill pxL» i—l*Jl Oukll y jl£ U LjyJi; jSSl Jd J* JjSi o«^l Jj-d ^ ^ - 1 
Ul*a*I jls i 4>jil! Ij-a j-« i-lili oLL»>Jlj oLIjaJI jjjjo L»Ui»l 

. ■i+ilij i*-? J! i^^Jl oljUu' u>y y-j <*x) 

LJwu fJ> pjj , ylill j^itiJI Jp- JSi tj \ijH\ jjJUIi Jj> ba.i>i • j! liwluJl pj - 2 
. oljUU oljUJl y OjlyJI liaj'jjJl j* 

itfiLu olvjy j* &Std » j^ >V f* 5 ' 3 

. ^sJl olkuJI jliu-y 1 *jJ J>ljillj Jp*JI jli * id" d* - 4 

4juKII oju& J JjJJjOl 

4jy>j)JI illpVl ^ rjyu 

JiLfii ijo* J$ jwjj£ dpj . iUjixJl iil»SU 4 »Lm Ciljlp- 4iU| p «juWI y jd 1 J* 5 

J_>J! rj JJ jLuIl J_>jII Jj *pUI j. . jJSi ji JjU. J^M ^it oli t p5 ; 

y> IfJU J yJWl J* 1 i>* ^ J! 

oj_» ^_L* oLfl>d J^L> j_«j , ijL>^lj JlLJI ^jpiJ p*J y iy i j>JJ J! ill-**-' 

. JjUIj ol^pill Juki *liii ^ ^ Jjj^ >Jl J5-* y*i ^ ^ t* 

Lw[j _ ^ j^\ Jilju pljj^' jSLw j| - « j aj iit-*l <ty j< y 4 -L*—'Su u **- 4 1^1^ w*l ^J 

3_JlmJi ill j[j L. U»J ^ J->ji J! ^>ii j-> )»j ^ .^i y o p 

« if, * pliio-L ^IjAaJI oKjbJi jj Jill > jlLj y>DI v^'l ^ J* £*4 i JjLJi ^>5 Uil^ll 

. Lpw J>Ji J] Uij>j (^jii ji y uli>< 

oJliJI x»i i iuo> jJolt ^ jlJ»i p-*j { lui-/^l) 0^1 4 <}*A)Ij i-oLiJI ^ j^’ 1 

juj’. Jj—aJUi d±! j-j SjjljJI iA-^SJl ^jUI j->JI j/JI y ‘^1 ^ ^ ^1 >xiJI j^ i^L 
oAl j-xlij»J ( yj^ j,y'y ) *dllll J-iJi y «i*IW' oU^JI ^ ii^l ■ di ^ 
i±>%*> J..^:»~j L*5 . . (iiidij JajJi ) ,>li3i J-ail' y« ^*i}Ji 

^Lc ^_, obJJl oj> ji p^jjj pdl iijej) i^dJl o^l paA'i- d-iij ; 

ibyiU LL>lyil yJldl jl jjJjlill <!S->dII jl*- J>b ^.x>JI * ! ->*Jl 

jjjl— l«Jli cjyi ^ JJj j^d^ L4-5UJI oU^' >i3 ^ pdi cJt L lij) 

. ojll ^ Jjd» 


-IX- 






^ jj-c J! Jlj-Jl, iUj & 'n* U&Jj i lf\j j Sj** I LiujbJi Jjji ^ UUj ji di'i’ 
'>^ $ f*^ 1 **- lT^ J e*^ 1 *-» ‘ (4-' »>>r **& •>-* (*»& ^ fl^uil 0*uU>Ul 

Ji oxi^l* o’iliil dIj ^ liiUpi jjj . Jl*Jl lift ^ jl^aWU ^ Lij . 

>4 L^oL Uj OjaII jUT JLfctfi jl^ jjl*u jpji ^ JUJ i/ ^ijjl oJUjJl 

k-fMLJI jl oiyki 


-uurnJl oliM>JI 

oi>j uiji olV . ^>JI U*LJI oLi^iJI cl^ 3 jjl o'i'U, d,*j ^ 

. i^jll oUi»MII ; L-iUsJl jLiiSl $- ^ USI ^ ^UJi t^j 6 | ^j 

ij'^Jl W»j i^LJI J>> oliiUJI ^ SjUil oU^u , ibjb Li»3 olja ^ i*. U »jU jjjij 

^ic ~jki jlll ji o'i^iiJl ojft U*« ju*> ^ LaLJl iliwSl jjj J* joSlill py , U*Jj, 

• <|J^b 


Ji '"* O*) &Ul obul»5< j (Jill JsUiji Jjlio-'il pj ji ^JUjJail j* 


(J^ 1 > 4*stoi 


*y d-a*. j-*«ji«v ijU » juii J 13 JJ _,i>iwL jiui jisu J-=j j jj-ji wbi*. (>j 

l^ljj)’! j-« jj-u >i JS p=ky , U,L oli ji)l ; l£iS'l J« Lull o!j*Sbjl ^ ^Uljll ^ Cu> 
s ;j-" ‘^O^ 1 o->^ .J* SjOXir iiiti U»ftI £«*il iift jSjy . oi*iJj iL-i l^jitf jity 

Ojjill 6 j> 5^li J^ulj . u J^bj ilLa J£J| >J| jU .1 ^JL Jil e^lvH 1 ^ 


■ f4*JJ b-uij \jjjy» jUJU US' i 


objjJjj iUlji 


jj 4Jii dJj j-t , kJLUlj ,>u lji^> i>"*i j 5 iJl.S'i ^3ji UJL Uxjji jiJ 

jJ j»_L liSftj yljftJl ii>- J*i 'i voi lf»u Jlkr LfJ aUl* 5 jya |>ji HjUS'I fhu 

. JfLJI J^L 1 L>^ 
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^IjJ! CiljjJI JJj 

<^flt U-JI3 . J—oiM jj CJ-,j 3 ^1 ix-L^ 1 ^liilj oU^jdD JjL j>u Js J*ai J£ jy*j 
ol;^l sj-ft fjJfy , ljr>jA l+JU f&i) oiyu 4jLft JiLu iu> . l> pj jA j*jll lj*J 

J«^aJ! ^3 4>j^i»ll ■i'LxJjI iJJ-* '-W'i IjiL UwlJj %Jj <>_jJU aJI Jj w'iul.il 1 

jkJjuJl ^tjusi 

\-t y^y *— l —!^V J ■*-*£ A-*- 1 J^a3 ly> J_a3 -LiLl-jaIII ^liu!* *_jlj>l 

. sJUsJJ U«L(j }LLij \‘fiy L*-u v oK»jj lj5j 4 oll^xxxllj ULi^l 

JjUI jn? OyiiL^ oUjmjjxo 

j- 6 J —j J-i* ajLj SJLI ji ,> ojiri U jjU ojji>JI <juLJ! :1ft 

fjyj) . &LJI aaJJI y* Lfa Jiil>l j3ll JjLJI (> j^SJl Li 5±rx> JILIl jJwj , &U 1 SjJaJ 1 

<J* Jj**i J**^ Oj* *i* J! . oLjLm 5i^U Jl IfMjM siujfc j4 rjLu) J-aill ^L$i J* JSL11 

. ^LiS’l ,Jj. Uj^ll JjLil (yt i^LlSj jail ifc-i J* iJLii JJLm <y 

jj^s Jl j 4 _j>jJ?^jJI oLp V jJI 

£-°y j-»J • • ^hH* Jf-J* uMj W-ty J>k +*) iJL-*> p Jaj. L Jt oj^jl>JI ibukll Jjlftg 

£-* L^JUj^JaJj oj^SU <11*1 wJUJI jk IjiljiyyJI j^aJl olL <y>y*>\ . yLSJl o-j^l aaaJjfJI 

41 * L^x> |vj> J&ASj I 51j>JU <LaJI «JJ» ‘•L^xiJI djjLa ^i-aj L^lLul v jill jjkll ^Li,>j 

iLjUl 4juJaJJ <U£Jill J>Mi! 

, ‘LUaII oIj«pL/I (yt 5jx>^fl <Axl»Jl *\jj J>Ju jiJ iJ'all 4 j yll^ jljll OJ^i JlSJ 
J* ixi*<>JI CLuLI ol»L> jt juy* ,> ysyjyj djfl sjp[ pkll jjUw jjj 4y*j) 

ji —i^ljjJl J>Ij iliLLD jl iuhUI oL>iyj 0 AM ^ j j Ljlo ^ JiLaj <_sSljjJ JiLu. 

. Mi) 

, OjLw. 1 !^ 4jaJl pjiiij 4 (3L>Jl ^«JLe) L>yuJlj 4-uUt Ljlac'jll 4-»ljJI j* ULi oULjJxi - 

LajIj^I j_Su 1 jllJI “ ■4—jJjJJiI w 1 jL>jJI * lUj j —4 lw 4 j£U>J 1 oLljjJJ ■ui li il 4ia«iu^U oL>jjiL - 

DJjA>aj 4jull CiLm 


-XI- 




ol^ UJjJI UJI olj t ) o»ajil oUljkJil, I ^juAJlk,!^ Uli. 

. oUKIL tt^l 

. ( JiJ Jti\) jXii jIj Ipui! y±A UljkJ ^ 5jLc ^ ^ *1)^1. JJ JaII JJj . 

w,l)Ji J5LJI ***>J iLLi 'ijU ^»WU «» Uwl> ^ l^SL . J J 0 jJ ^jJI JjUJI J^Jj ^ 
iPj-* 3’*> £ iiyjl oliJI £1^1 US , V U£IL Joi JS LUJ y 

. V USIL ijjljll JlSUi^l > 

^ULi LaiUj* « Jjil-uJ yjyi » ^ill« Jm j jt) tLjJJI» ; j^l ioUkJ y*u US 
CAV ( Jj^aJI J j A. hIH ) Ck***^ 1 olj jJJl iJljkJ US . LyU^I ^jLil wU*I^I Jt v yk'l 
fLiJ. ^Liil ChJjLlc^ .U-'il ( J^SjU ) SyLill <jLii ^ >u jyJl JJjj ^ w* tfU* 

s*i t '—’’ j-* #Jjlj-!l jiUSu pjl j& Ljj j piidl jjLw JJj J Ja-Jj iipwi JUaj , jt>Sl 

. o^Jiiu if* j i+« ojiii^i 

V -* J ' j-* u J* l Sy*i) ( oS . mS . » jS Oji> ^l> (> ) jOU- (jj> Ojusi o!jUl»}U Lui jjiy 
V-jji ^ rli diJI lj*j « JJ*I* ,> jUi>1 » Uxi JLbj oUk> olj <jL. 

• ji. ^1 , j . ji ojf^l Jb J*»: software 

JjA>Jb jit! 

W» Ji* J! i> <-jLJI <0uJaJl Jjfb (> jjjjuu y-LUl ^ Ia» IjjuS' Ijj£ jj 

. iiuk'l ejjb <a>Ijaj l^li Ch^ 1 SjSLS'l il*-/U iwli ii_«j|jL)1 U>oJ| Jx 

Jj^LS ouL- OuL> (>* JjUoj i -*J JjU ( jjj'ijU fry* CjJISjJI JJ jllll i>y ji iy US 

wjLxcJjU Ujj^-SL d J jviSJI j-*oi jij . oaJUiII JtliJI ^ jdSJl Jj> oLiUU 

<JS V USU JiLJl J^i> J^j 5 jjO>JI JiLIl £j>y 
f^L-u" ^ J-* W ‘ Jj^y 1 > ^4 lijtf jj UjOtL j^jjl i JjAj^U Jij tlAS^I ji«UD jyLu 0>jj 
• J* • j"i" 1 !j& 6diJl 'iljjy o*) . iiiiiJLl UjUc-i IfL i>j jiJI ^IlJI ol^( JJrf tljj 

U-* oULJl ,ji ^jaJI yy> &)>[ ^ . jy/ji jl^ i oijj Uid- • IjiUs i l^lj i 

• ^xa* hy* ij oibyx>ji Ja^ jijii 

J! J! Wj liilS Jiw- Cl^ 4 il oJjj tijJl j^>JI A4A> ^ ^| Jfi } 

yUSi! 4 > !jii i l l oUJaJl jS*ii ji> oLojuIIj oliiJ«lll 

<jfiy ■ jr • 4i;^ 

. 1 . Jaib 
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lid yliiJli . >ui jtuu jill «JU!l eU»0 Ja3 jjj; y»J lijaJ 

LuUIjjJ jj <JU> j_t J •r'U^! W t*^v; 

, JL»J' ilJj u_»y U-Uil oLIiJl j>,< jl JjU* liJ i 4uil' 

. j_p y*^i)l xaj tfxu *fi w ^L.^! <i >•" £ j >I » T wl> -iKi*) 

y^So- iJl-Sl tj-A ^ J» . SjIjJ-JIj »_jJjl li» JS J iy Jy£) ' l 
L • : Jl—u jl Lyj j-jiJJl y JUJI vuL»Jl .*»• . >-49}" ji wuuJI j* 
jjjj *_**> c-jIm ^ie 5jxill —iJl U*)J J 6^ * V vj* 11 J"+ 

,i jt\—ii Jljj jUi ll» jl J yu UjJ*i * vjyi y-ii J 

. oUUj^’i #aa x>i ^ *%-?y ujii jiijji* y 

tljij J_*£ Lji.S' ^ iJL/St fAyeJj j^jj* y-UJ* »*^U yj| OjAj^ 
3jUJI jj-j . LfJ oll»l |y kli>Jl JtJL jJjbx} o* 

JuS L^-j u^v p^ oKtt* v 1 ^ 1 £?*)• J 
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• CHJ#j 


(iwii) JjVi j^iii 

• AjU»Jl yj U, liUj l^>yj 

J >* UsL-1 ■> ^ >4 t&\ 41^1 Cm f>Jl dJj ^j> J,jj *1^1 

sjU Jjjj jjiij oi#i*y »j* js. s-Ua jilt gji , ^\ JUII 
'^ jBk * ^ jW U» ^ oUrf-LSl otibSlj . 4 JWI iL^Jb 

J! J-)y tMj • 5-UlSHl ^jljll jSli, Jj j^ui ^ &j>JI oUljli.'il 

jUi'i oam-ii ^S| j] oxWW'j j^ 1 5 >*i <>j. ^uji d^*ii 

j-i ji-vu lSjJI j*l*l! Jj-aiJl J^uL oiiao Jj oljLjuj 'il 4 Uj*P) olpJl 

. UjU> otli>J y ikx) JS 

tr ^ 1 J ^ 1 oh ^*>JI j-c LaaJJI oLLuJl ^ b J>f * ^ 

J#*i ^u?l j^uil ^ 1^ ibi Ji* ioakll ^ Ui ^j, 
W-^ j)*l* Uu JiAL* J^lj Uti>JL ULmIi oWLv^I oJLS f lG00 f u 
JJL> *1*11* JH*i (UWI *ULJi Jtyi ^ Jj , i^j y oi^i 

‘ l^ UI J! ** UI ^-• Ul * V* J J*» f*>j j* j-lj Jo, C.JOO 
t*,JI olLLJI ^ *_»iUII ij^i ^1), ^ ^ (i> 

oi^l d)j j v„LJlj 

: MwWI (4*- 1 *-tA*l\ iijjkJg liiUf] JI* ol*-U uUljtfl JU> 

^i.jJiJl J Jut SjUs^I <,^15^ . wUiwiU iLU luUl ^bbJ| J Jj*ii 
■ ^L>*k f& i>* ^ Jj+t j-ii J» 4i*UJl ^HJI ^ lilij 
o* i-U^i oIMJi oi ji ■ i*uJl ijj iu->l> <**ui 0 i ^ ^QJI yii^, 
by*) • ^ ^ lj " 1 ^ ji wij/J Ixi U Ujilllj s-^uJl 

,>iu ,^J ^iLiJi jjJLiJi ^ijji 

ol J_, 4 ^is« jxi ^ jj liilij 4 JjJLJU L-LSl JjUjVl 
. J#li > 0^4 

J* 1 ^' ^ fU *l^li . L-Li f> WI p\ *l^| ^ 

LLliJl SjUI ^LbUJl J*lj ^jji ^Ui ^ 

^ **) 1 *k5^' ^H'y 4^—5 ol»5WI jjj . SlUlj 

J^J J»l^l 4> JJU JiP iiii* Lpl US 4 <Myui\ ;> yu O.^ 

, U—UmW J*-S l*J LfciSlI ^l^iJI u^S ^ i^l ^lyjl ibja-^j 

lH - L*-¥' *i-i ji - 4—L^l oLhUJl ^ ^ 0 3J ^1 

ol^^l UkUl jpl^iJl f lxiO-l o-i O^iL^I oi^ 11* <h>\jj Ijyc 
^ ^ ^ J ^'J 1 5j ^ J* o-kJ 

jUil . oLp J 4 jlSiis ojJiyUl ij^j vLJi y 

ol* 4*^* oljxuJl 4ijLji U 01* , i^tWI 

J) ■ j#“ ^1* ^>*^ 1 p s>5lxi; ^i oLjLJl Ui 4 


-2- 




I jut . jil^l jjM-ill <LL» j-u k lll ^ >Uij*£ oLJiill Jj^i i l/A cjjw jiS’l 

OjjJI tLiUill* wjLi^-ujjIj 1 lulS'.ll ^ j • • l £jjj jlr y"ill IjjXXM 

li^lijlj Lo^li Ojl^»Ji Lfu^LuJij *Lv»iJ!» 

, LiLUl fLij jjiLi Jl* i jailjiJl o**? ji J! j x>0j . <#*u)!j 4^*SJI 

bjAx» UIaxUI j>1ll yjudl j£lj 1 ‘4j#^ &J* £*** j-* f 1 * ***-*' 

Li LaJ l*jli,LS <UU)I lf ! i.x.< ^ 

_,Jj ^lj>j uij«» jjll oljjS'l ja*J Jj )Jal> tbjjill fJU ^ LuL»j j^l iiiiJ 

ji ly JkL i jjjii' jLi ‘ '$* . >* •' ^ *4ja*JI ji <iy>» ■ Jo^ * 1 j 

dJj£« i—ljJ' y$y~*> Jj- |»i*j 4il£ kUJ[ UL* ^jUJi jj£» 

iISjLaII jIj_i')' 3 jU>JLll d_lj£j J-ai]l lia y <> <»». ; lu-oJI olili!' <jL> 

. 4JUljj ^ lf_LUu I oLws'ujU foxu 


*U?LuaJIj 4ijJI : u-zlaillj JjJI 1-2 



wmm jm 


: 1-1 JS^ 

jJe <_jl* VJ fc iyUiJ Jit J kOj 
* jil * 26 cm fk i jkuJ 

26.5 cm ) 25.5 cm j—# & ji iM 
tj&juJfibuipibi+itfAjt.) 
&Jl Yjk J> ikuill j'xk j^jjj . 1 cm 
. 2610.5 cm 


£j JiLui liJuf j^JbuU ii^JaJI DO* . J*Jl j» ^^SJl jJjiiU ibjl» Ja-J 

i ijuJI d»i> jij . oljjJlj ytftxiSlj JULijJl* ^Ia*JLS" j o*i* Cilx>j 
IjIjl^I Jijjj —o luS ^^*£11 ^v)jiiLl ( ikjj-Su ji ) <kuJ> 4 jLi£ JutSl jiitu 

LfJkljJ Ljjli iLluil! oUi JiJl> Jli* jj£^ ji j*j j* 

, U SjL* j CiljiJl J.1* _}i »x>lll ir'^l ^ JJa5 j» SjnS ;lrft 
. jjiJl |kj£ ^ j^y j* V ^ i ! °j l * * J* 4 

luuJL JJaII 4JV*J Ijfil <4>U J4 ojiuU O 1 pi K) Lwli Jjj Kt\ 

oLp C JyJI JV_>y V ^kill jSJj . ^ y J 45 JI jiJiiU J>Sl «L>JI 
jljuP'il ^1 Uili • Jjfll kij “ > o* l 4"-“ yp 

ji i yj* jLtyj ill ji 3jkJl oU!>Ul ^ \>1 *j Lii£5j «. •u»£JI j*y«lJ 

ji oL*^UJl ojji ^ _ u> , j»'j\ ji ajl^>Jl l>jj ji JjDI jlji* vLJl olij 
j] LjjjySJj ^1-4^1 jlj [ y> i> J^i j^O jl> IfJ oliJl 

»Liii (jlS l»^ij. *r ^y) { **** ( ^>4^* 

pj L »i_ii ^L-iiJi jl^ a> <i>Lj jlSi <jyi J-x»J jl liJli j-UJl 

!»—i yj^>\ J_oi jjLu jjjKt jl+> iislf-j jl JlL JjLijl 

4_.Ui l Lu£JI IjJu jlJlj U ^45 vl^b cui ^yu UjuXj . ^UJ' p4Jl j* 

■JXj ^jj li^-J " » OjiJI & ^j%-> jliitfj I jl+^' 

cluil OvWI 0>J ji jiji jk^kJl Jl jt I b_j y~i )I tJL Oj CjJi 


oLj jlf^Ol o* f* 3 


»i liL ^43 jlf> ii>4-» i> 






( iuiZ* ) JjVl JrfuJl 


jjL-j (mm) oiji, *J1 Ij o^ U ill 4_<Jb>JI MLlJi jLj ll—lj Js *li^ 

0.1 mm o^iJi jJax> ^-211 ' L -*0>^ MDi UM 1 mrn 

JUb)'l UL ^li LOSS. ( 1-1 J£Jl ^1) ±0.05 mm j_*Lj ^j^J< 

. ±0.5 s L&jjj 4j>Ub> 1$—! (0.5 s) JL»j Ujji ol^ii ^ !*+>_) jyAll 
, +0.05 s <ux»Jl L^itLi 0.1 k t-fji'i' j«j)l \ja ^ill ifLij 

ji-i DjjiUJI ^ ji* ^u - i LJ b j-leiJI ^ jiM o* 

J_U ^« .-.i j . OsxtllJ y»& idjiJl j>£ Liu ji 'Ll US . jU-xU O»o>ui)l 

c>-* jUl* i ji ckMi u±-^ J Jl <3->P j»j i WoJ* *U»>Si jja 

. jj- 4j'b jlu» J-Luil ULojjj • kiuli jlJ**f v iLL x' l 4_*_uJ I 


.*ii j«^ll j*L- jl! i J—jJfc »jf ,»i ^ t i' i m' i 
J-4 Jjj jMj JjWi Mi j#* 11 

»j4_^Vl »'i-h Jamj . »jl>)l 
U »i«? ^ u^j ‘ M»; >Vl o-Mj 

, 4 1 «* *■ 



■ t 0x>*il IUMJ AjIaLvJI JUaILII j* i-ttXl 'UjiJl vj^Hfrl ij.ll j-i oJl 


311 v-3J I > '■- *uSJl «aJ I j . 0 ^ 1 *** \lj »il ijujLJl UUaJI j* U«s 

&Lui J> j* jAujI ijjjJi j* J! JU* O' j£±{, 

L**3 uUj.xl jlf_»Jl ^ |>ljj.j-ub 4 —aa S JI ,^-ilJ aJ ojuII oLLill jli 

tUaS-^l y—J *LU>Sl jjuA J-U jlf_>JI U>M? Lm j^jLi«j Sole MLw 
oij,uu U- .V— ^ ‘Uk»i y ojitiaji 


ob Uj jUll iul-ij ’j 1 ^' 1 MjJ jj oIjmOJIS . If-o i-lill 

L 1 *' j ^»j jilj » UUJ l+U ^.a'i»>rJl c^Uj ^ *LL>Si» . JJj 

^iL*a>') , l JjiaJL 4_ulall k_uL.'l <Jj ^Ip Ujjio v_iU> cA*i US \ oLvuiJl JOf 

. «_»li5JI Ijjb ji J j! * 11 1 »i L -j cP UlSJ 


j^LiJI ji 4^j. > luiil olji>^Jtj jUj^I 1-3 

1 ^ -i j. pjti j_iJi U j-U* jLc 

Sj-* *1>U-J pj^JI 6*y^ ->-i ty k i>UJl ^U> JM j*t" -vU J* 
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(Ljm) JjVl JmmJI 


i_i-» J LjSJl oJLuill j* Jaii i**Li flyl <0u* JUa s±>Ij 

<->jJj jojJlj JjIjJI ^A . jbuVl lm I OJA Lljjjl oLLxJ' 
Ojil/jiJl oLxoSjl Li , LyLaJl OJuiJU ol« L »—.,>11 JJ*j ,Llllj JjlJ>jl 

0 j-* j-* IfjUuil j ^A jS ( JjAuJl OliSj oLUlj OuiJlS . L^JU ^«Ulj jjJl 

. <*wLiSl jIaoSi 

jIa o-jL'jII LuLjiiJl jLjS'1 j^ JAI OjLyu 4_«S Jl^aJ j« 

L« r L LoLi jj ^Ljoi i/>»Li jk Ju* Lfii jSilj i CjL>l oli^yuJi 

oLLL LilS'j >j—l'I LjL«Il ol uS il JS i L yu jLij ijJjj 4 JI 0 I JUjtj 


'-pLJ it i»»'i.dll ujjLuil oLa-aIj 

Lit) jL ck) j! o*GJI Lio ^.i jtiLw L|_jL jijJI 4 _l«DI tju J_iX>J Jju 
oljJk^J iukji 5jui CMJAuJ Jj . IfwltfU fjiu jj}l LSJ! j* jrUJuJJ ^UI< OLlAjJ 

: i~i Jjj^ j-SJj , 4 omiLSi <ujJI jL'ilj Lliil oLjuiJi j> ^wuaIL 1 j£l#ij oliy ji 
• si ^1 ji 4+jJil itfj\ juUaill j-j1 a , ^LJ 1 <*1*^ t> ^ jt**Ll yUUsu fiUll j 

^^ j ■t » » l I 4 j>* jIa jaUI JLxoJl tjxi.oll JJxJl ytj i JUJI oiyi J UoioJ 

m >Jt jjWi . 

kg ** ^ ***' ^ ^ LLJl Ll • (SI) * ^ U ' ^ y* ■ ^ 

^ L*-j JuomII jiLLil JL JU ^ Ol jo Jb ) jkLckjJl V^j ; OOaoul ob'jljl 

i) j»a olj>yi y> v_^Ll5L r l 11 a ji p >>1 .»lI . ( ^ o D i LuLLj^j ^lj,j» i Li^J 


jlpl . jjlL^vjJI ^UojJI \9 <0jUll JOAJ lja>' JAaLi Ui j]j . SI 

6W JJA SI oljL_>yi r lfaj J L^A |)juu OuJI i^L^I jbySl 1 1 Jjjj>JI 

'LSl olj_»yi j_o oLuijj JLj ^yJlj oLuUI l»i 

olj>Jl Ulil jij . LoLiJl L^oUwi Lm JjjaII ^ktl ji« . SI olji>yi 


LVJJI L-* . ( Jj-iU ) jJ**lJlj ( LSLkU ) jSj j5uy bulJl 

fjii 4iullj u-LSi SI ^(A>yj Lis' Lili Ja yUSJO 

l^_amoI^o Lajjjj j_>> j.i><~ y_si y>u jic Liiji oia>yi Loau 


. v l^JL Ldllll 


Olji>yi Uul jyy Jy^lj Ol^b 0L0JI 1-4 

o Lo JI »lj_>! (1) ju/hj_oll jj—uloA Lwlj LU1 1 oljA-jJl uL> juuu 

l*^_li j_» o^L»S' 4 JDL jLuj Ljj , oollJi ouSDl oljokj oL» (2) . jjjaIi 
J j_>i 4 _j^i> oLuS jl ■LULiu jLu JjLaj L jL> j olj>yi ji 5UL 
Jeuu 2 hours (h) 60 miles (mi) uJ jli IjiLj 


. Le Systems International d’Unites ^aJi r 1i j> SI jUkH Jk . 
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( i«jiw ) Jj^l 


12 meters per second I m/s) j 3 kilugrams (kg) ^jJ> jli JULy 
(3kgK12 m/s) = 36kjf- m/a 

3j 1_C J Ajdi>11 olj>yi Alibi ^3 L» 1>U Aj ^Wi-H oL>«Jlj 

SI ^Uiill jliL J*Ja!l ^'Ju ; Xl»3 . JLJ^t JjjJ Ailixi JLjj u!j.Vj 
fLfcm ) r-Ulj { SI pU*Dl) fij.* jlAJt c y'Ja^l fUMJt ji 
J! j-« ^Li ji Uiu UlSiw d)j jM* . Idiill Jj-Li) ( .y’Ja^l 
lljt J-jy>jJI o^ULu - J i <mUII A-iitiill o'JjUJl ^ljjAL-U j>T 

jLfU-'ill AaILlH JrfJjLLl 1 O^-llu jiuu ^ic ^i»ljl ^LiS'l «_3)UJl J v*-»oj 
jjjmf ^Ij3cLw^I y ojLaju oIj_>^ y'.v") .J < ii li Lie ■ •‘*•'1 «IL>I i—jjj 

|*Uaj j-t J-iydl -iL ‘Ua>Sl si* Ji» d>jJ> y'iUJj J*i>0dl 

, i*5b 5jt»yi j^Lu jAjjL>yu o^sisjji ajuJi <y Ak>jiL v.^ j>] jj u oIjl>i 
2.54 m J-e 1.00 inch (in)« 2.51 centimeters (cm) aJjIjJI Jt J> iL-i Ijl „ MLi 

: J .1*1- 

1.00 in 2.54 pn 
2.54 cm 2.54 car 


: j-* 'jy** — i 

• Aijjj yi . ( JX ) iiull 
A—jib Jl . Alula, ulu, Alj A-ub 

» A —^ ( ^A>** <*LsJl ) epu 

. Jji\ A&ili 



£-» - ij—* J-vUll '. j 'S*j » 1,00 in/2.54 cm = 1 

>iilybuiJl ) Lull oIjl>jJI _ li^iiu 'i 1 AxlS ji LjJjL />i ileL* 

: jiti 17.3 cm ijji YjIb ^li IjSiij . ( oL»*Ji) LuLLu^Jl J[ 


(17.3 cm) x (1.00 in/2.54 cm) = 6.81 in. 









( iiJJLt ) Jj V! J^suUl 



j jjtS Lui j£'Sj , 1/2.54 = 1 ji j-ju V ij_» J 4 UI UljiaJ ji k>*i 
<^Jlj 1.00 in/2.54 cm iuJl ji Ui . juSl j*- yJ» LL> 
Ijjuc jvii c_>oull jli pi jjt <• ( J»l> / Ju?) jUy' jjjj U^itS 2.54 cm/2.54 cm 
L >Ui jj Ll<« jl V/A oS» • 1 j*> ( ) U>j* 

JlJU Lj . ojiJUfcJl oIjl»JI JJ *iJi«Jt ■UiiJl Suil 1 »i» JJ JJj; 

J-tji jJl oli^-jJlj ( L»jLu>l ) IfJtf yA-Uall Xjy jill oL»j]l ;li*3 0 * £p| 

: (m) jll*i J] (H) LiJ 20.0 J^yOJ c l iU*J. LfJ 5 L»! 
0.306 m 


1 . 00 / 


= fi .10 m 


Li I . L»a>j (m) jLli'il Ljlx>j \-4j& _wxL>J (ft) pail' oL»j jl Ji>'i 
i> jaaJI J! jL*Tllp 1 ^ 1 JJi J*-*"* p>Lj yLoJl ^ jjaaJI *j*J! 


: m/s JJ 60.0 mil/h Ujji U^ Jy*S) w JilL 


60.0 jrti/ x 


1610 m l.OOX 
HIM’ X 3600 s 


■ 26.8 m/s 


yi^LjjJI ‘L-H.) ^ S* £*" jl JJ *y«Jl L ^ 1 
: jl j5ju> ji JjI* LUj5 , iLyLjiiJl oLLl>JI ji y^L^ljJl p*l jj j^lil j^Li*; 

, olj>jJl Jdij L+J jlii j! v-L > v jjjlju ji ji JJJLxJI AA»> 


li-i J*) UjLII rj-lw ji £»_>J <^*S j'\ Uu> Jl>JI uL 5 j Jlm j-* 3 j 
Jjkll oljy»j y-ii jM jj£i ji ax L iljLu jijL ji i^l Cilj>j jli jiL^I 

•^1 


0^\JlyA\^Ji\ 1-5 

ljl« ‘lix>^l jS Usuj y jAM it'jutf A* y-Llill 4jf>i J£J ji *±Xp> 

. yiL^j J_5 Oaii ji Lui; iij^iLLl pliyil J-ul L Luaj Ijl> JL* jli ; J>ljii L 
i!L-i J-»o JiLi j -jjO pj jaj Liiii Lijy»ll pSjSl 

j_f ji-wiii <-i!y A ll pA 5 a-*i jl 

. ‘Ijw A> JjL»>j il^LJ Liiiu 

Lui JJLi culS IjJ li j)L alj Jijjjj y iijliu Liliji j»i "3l ji jj£ Ji jli->S’lj 

jiJi jjk). . liliO! £ay JiJixi) OijiA-l ai l+li ji 3ij/i 
gay jU ^1 JjWI ji v ^1 jyJill plaxliL jlLoSli jlv; L^ 
JiWI J^i ijjjutll p'ijS'l Jt jj!*- ji!l jaOI iitiSj <u>L!l 
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( ‘Ujju ) JjVl J-ai)l 


: <Ula1 


o^'U 

^jliJl ^( 5 ji\ 

^LiJI 


2 

3.1 cm 


3 

4.36 m/« 

, jLjjjU jllij jl 

4 

5.003 mm 

iii L^iiJl LiMJl ^Aj* JJl»o j’i-sVl 

3 

0.00875 kg 

jjLJl Jlill US AjuSJl 

3 

87 x 10'* kg 

jljjLJl j_i lj| U -u yiu j*>> < 'j , ^jiuLc 
O^LaJ' a— jj-j jljJ-Sy L 4 JI jl jL/U-i 

4 J 3 ji 2 

4500 ft 

lii <jj- 1 aJI 



. j/LJi Jliii j J^>jil jAjjUJi Jlj 

2 

4.5 x 103 ft 

, jjLJi Jliil J jj>j]i l Jlj 

4 

4.500 X IQ* a 


.UjS’I jag isjju oLLl»JI »lj>] jAc jj 
ujJb Lu jj—S j J ’ i£ , *^ A jl* Oaiill ^Jaju UwUJl 0^*5l jl »lDj . O-jjjJI j 
JoJei j‘l jj—jjjkM jjJJ* ;> ijjSa iiijil oU*Sll C*JIS jlj jj> ^13jl 9jJ*P jj 
. i&ill o1* J>J j^opli ^ jjiil >1» J^li* J_yvli 

rjkll jl jJuIaP 4jjjud( f 

jfi ijjLw 4>lu)l itLj jj£> jl jS^ 4 ju»U*I oLuiSJI T Je jl jjs 

J-> |»L3jS' J_S jj_S; UWI :1a ^j jjiJI ji f j*>Jl ^ iLLi j»a»Ji 

LjA.«> Lmm L.15,1 lla iLLAJl 

•U-iiJIj jjuitf ji ‘Ujjxll pljj^ll 

< *»<» i ll ^_j "uUaII ^li^ll jjuf jjfu ji jSlu 1L.12II oluSJl r jJs jl k_»j<A ju£ 

. ilLil ^ J 4 U ji J 4jjUl pljjSl j* JJl£ JjS' Jm 3 CjLa 

1 1 j^w>y JHa 

Lillie oUs^-A o<j :j^—>1 fli>l*^ JJaU oLl^il <5^C o^v>i H wji jAjiil 
? ^tiJi :1k f v>->a U . 0.2 cm k 46.855 crn k 3.76 cm JLs ki*La> dlL 

: i yjalo JVjlL/I 
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( Jrfill 


3.76 cm 
+46,855 cm 
+ 0.2 cm 
50.815 cm 


. oL^II 




oj-iS jk»J jl ty CV j Ov,uxH ji Uj^aJ rjUlj ^A>Jl 1^11 siclj jilj 
kii U>LiJl ojl* l$ JL> liyu (0.2) U>L-e i^LuSJl Jii Lij 0.1 cm 

. 50.8 cm jji oxv-aJl 
. ibUl jlj^Sl j* J5 itlui iJ jju JJ j]juD i, Jjall/ *i* jl *3y 

i> li-ili Jj*il ■uiJi ji 8 Lm-o ^ +^ Jl ij^li j juku 

ji ui j^\ jMj 46.8555 j^i; jl ji*^ <,ijtlll c«^L'i j(j iUiS . 3.765 J| 3.755 
. 0.25 Jl 0,15 j-« i5juI jj LilliJi a_ua. ! I Li . Lui jLe\ 46.8545 
LJaJI a_ul'l j f-yJ** jL>y[ jijj ^u»ill ji jjftjJl jiAC jLfcj'Jlj 
: Lfj tjjA-al I |uiJl jM i k_jLl> fttill 

3.755 '&*•*-* 3.765 : &***$ 

+46.8545 + 46.8555 

+ 0.15 + Q25 

50.7595 50.8705 

4 ji jxju j- *jJ >y}\ JlSll lift. 0.1 cm j* 5U5 ^1 jjiji jl o>3 dJj j*j 

ft—Plf^JI jl ‘Uj"i viltift tJ jjj i llw wjj iLJUJl ^5u*ll pjjl 

. 50.8 cm j* 


1-2 j>&>y J& 


V 51.85 cm v 28 cm ; 31.3 cm l^Jl JL1>I c*wi> jiiw? L 


; ^ilxu ■ IN’ i’»..'l 

<_clijjl J-S •L-oS ,jj jJu) l-Ij—oj ijLxjl j_*Uj jjj i.nll p >> ji jji jj 

; jl A>j 4 j^L»JI il jl ^'jiawLj 


^*J| - (31,3 cm)(28 cm) (51.85 cm) = 45,441.34 cm 3 

IjjS ) Ixii jujjuu j MijJ iiltl>^l »l>j <^Ma 1I f l5jSl OJLrlj j-SJj 
: ( 28 cm <*J)I jk bay** 

(n^aji) = 45,000 cm 3 = 4.5 x 10 4 cm 3 
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( M ) Jjft\ JbJI 


oSJj <i>Vi v^Mir ^ Jiuti s^jui 5 ^ Mi iai ^ 

I Mb' >4 JLcL.L i Ml Jap*! ^ ^1 6 i J JL- itl^i ^ jj ^ 
: ^ j**!) M 0 i jg^ dliy . 51.855 » 28.5 k 31.35 ^ 
^*11 M = (31.35 cm) (28.5 cm) (51.855 cm) = 46,300 cm* 

: M jbriU ^ r ,^t ^ j^ull jL *i ^ 
ii>bi Ml = (31.25 cm) (27.5 cm) (51.845 cm) = 44,600 cm 3 
oi jj i&j. jji ^ j o£ J v*. v ^ji . i. i| oL m, ^ 
^ ^ 45 ’ 000 cm3 r^J' oS* r* > <-ii ^uii 

■ ^ v>M>b 04*5; 0* 

. jSjSi ^il o* U bu>Jj 
. OwJl 4-liji jap J olill o’uAII AlU, ijb) l^iyu 'i ... u.^i i 

4a^>bj frbjjiJI ^jL* 1-6 

»^U LpUj ny* ( ^ xJj oj[ 6 yL“ Jj ) V UJI o* ^ 
jUlil M vi*> . Lull,. JiL^lL ^ Uyi ^Jl oHaUil J* j 
J*aj Jii I ,u*Uil > Ml »U, i*L*p o' dJj ^ Ml ^ o* oMl ob 
ou-ll *U ob JJj ^ . v m] ijH $ u ^ ^ j ^ 

• r**) ^ J Ml l*J M M ^ viLjJl 

: <*rtl J»!iill JJ ]>IaJS'I o* iljUll *b LLp ^La>| jluj 
■ J-M V^— l* * y *i iJuill SjLyJl 0* Ml ^ *1^1 bi> _ 1 

MU 0* 4*jApJI aUill rl^ij-il 
• ( y ' x & ) ***** fr* 5 ^l > oUUl ^ OP J-»UI. 2 
i*-/ ^1 4^L^I ^jjUiJ ^LjJi jiiJi . a 
: jb^'JlL llLil jJi J Ul^p Jmu- ^ U ill Li ^jUI *j* 0 < 

jL. l^i jH\ MLj^l uM> l_pJ| ^ oli^Uig o*!!j-ill> oL^cJl Uaj 
. b’-j oKjU* Jj ILiUi oljLJI 


1-3 Jli* 

Ub . ( M ) jJLJl ^i^ ^j^l^ji J* $10.00 Ull oLJ 
^ 4^ Lb . Jij Jfl $1.29 o* Jlbjl 3.00 0,^1 












( <UJ£« ) JjVl J^iJI 


v jbj js) sa.yy & 0! »i r ^ ^ 

: jitw JVjuJ 

^j^jl^Jl (> Jtjll >wj <^LSUI iiiSoil y li* i^j»Jl CiLuiJl 
jjj; j- . 1 '** 1 V* J* «> JM j* 1 W* J* ujj) ^ 
^_3J( ( x Ljj>J‘o <5 ) _/*!• *^1/- Ojj ^ <il£«Jlj 

:i_» ,>H ■I’Wji jUI j—Ijuul . »lj-i j-iu l+J* 

u>ll ji L#a>-“ J-LjII j*— ji >*> ^ 

jJjJl ^k_»J £-11^-4 ^►j^ul^-JI ,>jj ***** u* ^Sji (*-^J ■ 

; I) j Lull ,J* j-^LjjJ 1 Ji-JI J5 i*t&j $10.00 JjLu 

(3.00 lb) ($1.29/lb) + (x lb)($3.99/lb) = $ 10.00 
; x jLJl pjJ ^ll£jj jLJj aJjWI »i» J> ^JaJL; J 4 -J 1 <> 

(x lb) ($3-99 / lb)« $10.00 - $3-87 
irfUM flijl O* ofiz yi X - 1-54 lb Jl Ji>u 


1-1 Jlia 


bj»jJI JoJ» jL> tils 215 km/h UjIjm jU-JI **!> J jL- jjL-i j*~J 
v ijjj 150 ,«LiJ 6j'aJl Uylsj jjjt <>3)1 U> t 2.00 km LJL»Jl ,> sx>iyi 

: Jiuxu JVjuwI 

jljJuj 3j_><yi SjuJl J^j j*;^ 1 *** j* #U«*I 

IjuJll / 3 «jJL^ <J 'yty-~> JxJ' iJ -l5Jl 0-*^ J-* yjUallj 4 ®jWI ~<*y* 

Usji LjJ wijJ’a ,>^b lUjJ) jlji* h>y_ lS^I 




<> Jxill HiLil 


Lijbul ala L»j >y IulLu d jjJI^ “U^jlsill isLailj V ‘3*^, jljil 

, ^L^Jl Jiill J| LJaiUi 


d 

vm l 


Jfi Jj ,. U <PwJl jljii li «iU 4 j v-o Ifli ^ I>yj D^Uil JX» J] ^ o' ft 11 > 
I . ^u_>ll Jyplyj lijis I 4 A 4 J^Ui'l jllI ^11131 oluill int l^i 

J* J-^ t J ^ VJ-* 
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() Jp J*iJI 




V Jfi <iUl SJ^UII ^ ^Jxll *S 2. 




I 5-*Ij-p SLLu o—J ]+j±j Jj)i d <_Jili uUl .jSJ 

: ULj yj* Ji> d3 c*itf U, SlUll oUSJlj d ^ o>l*Jl 

4JLJI » ( S^jJJ JjJ, ) { oljjjJf j if. ) 


d = (l)(n) 

. ofjjJl ^ >p « j i^iyi 5jJJ ji JUJpSf p*j| lu^i ^ 
3^i ^Ujj J**L*Jlj oUUIl p* *1^1*5 o-sbU, LiL> J 0 p ltf»j 
: y d v-oJ . o** . ilull > <> oi| ^iUlj ■ 0*~U( ^ 

d = (/X«) - (—^-)(125Japs) = 250 km 


d _250krrt' 
t- “ 215Jrni/h 


- 1.10 h 


: t L-w>J jijuyj 


■ km/(km/h) = li ^S'l J_>J( 


i 6^L-1I C*3U <> Vr- v^» U* ^ JiUll I^S J >> ^JL, 

^ ^ « J-« * ur*L-» ^ ^ &Ul <*UJ| 0 li 

jj oLiiii aUi ^ uis r^s i^l-Vi ^l^ji 

t*~ • ^ &»WHpw -Si j>i 3>J p; . I ^ ^ y jLu 

us' *UbU ivbJi ^ Iflli ( L» 

^ s - >jJUI ^ ‘k)^ 1 J k^P 1 5ioiJi yl ^siyi.. SjjiLiiu 

>JI AuU Jy^jj p- jia^j L. ilL* y Jt ^J^il 

<l*y tjl.e JJ 


J>11 IjA oUiLyi 

-*** ^ k'j-> > op ji ; 0^ aioxi jjJIj t .l^yjl ^ jjui |ju» ^ 
yi yj»p, dJj JJ 4_iUj U-JI oUmi V U* yov dip LvOJI iU^JI 
^IJj . »JX-UI U-^JI JllsVl ^>o.j i>Uj u>d UiLJi LU jp 
yAJU djp Lin oJkll oUil^O j jlj . ni- 2 J>JQI 

upji iuS'i 
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( iajJu ) JjVl 


. o^xxJi viiVjUIi ^iy*il i-iljjJl *1151 vliLliJ 

ax + 6 = 0 : <uk»Jl ibUll > 1 

ax 2 + bx + c * 0 : iJjUll - 2 

: JS. t 43515 ji j o!>Uil - 3 
ax + by + c * 0 kx + ly + m = 0 

: Lfju JjUu jjJI olftWl Ul 

y = ax + b : jkiJI u^LiJl _ 1 

y = ax 2 + bx + c : wwljJji - 2 

y s — ; oLa»l)uJl - 3 

,.± ■■ 

; ^liyjl kwLslLS 
>-logjf x-UP 10 ^LSl 

> = lnx x = e y (c y-LVl) ^i^Wl 
IjjM i (J iasl» jj^-o ^ ^ a J£iu 4oLJiyi oliftUJl 0JJ6 & J5 yjjt <i* 
l /Jill JljJI jti . l»U SjJ-Ujj •—wliiJl tjj XjX*! ^3 lj<l^ JPW 

■ ^yb I j I»«* ■'■ kj^M> ojljJl oL>lj*JU 
. tan x t cos x t sin x - 1 
. ijyJI ajpjjJIj 4<y*3 lJuxJI 4^yjJi _ 2 

, oy^ - ^ 

. aUjJ* j*jl5 - 4 

ill iijJlj jifi »x» IjJ 3 J1 

<LybiIlj 4,j>"ill oLuSJl 1-7 

jjy» jji J_9 Hi3 U lit iljli l» ***£) -»ip 

i ( 4 _»^kll jlaLtf ) 165 i ^jxp cJs LfJ tuS oi*j i 165 cm 

y 66 in i ;.<H j jjy» jjljjwII .ll ■‘uj dL)j5 Ul>J< 8JJ j yUwiJl J*; 
oLuS’ Jit .. JjUIj . jrflj3 ejL>»j j'ji* LfJ Ubill jl *JL> JS ■ 5.4 ft 

oL»ol jL* 1 ‘ J iSjW! ^4> *** i { <S}*~” vi>' 

^jUJt oLuSJI aL>Jl iji [+J Lvji 'i yjl oU^l'l y-Z) 
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N 


W -|“* 


b' 


S 


iuL-ai , oUL^]^ JjyJ y Jjii olui Jli*j 
I L^l lf-*L}OL Jj Jj-U obiJl (ii fjLi J sltl^liw "iSj> ,\m4j 
sl>jl l^J ^ jjl i5^>JI *l>u> jti iS^vJI oL>OI jlS Ijl Ijiijul lili jli, 
Jl UU^ L#_»L>vl o—jiao sj>j Lli LLjj uLsjJj . jljill J| iiLi^lj 
o*3 j^ 1 ^ J 40 km/h <PjJl ; li h j! JUlIi . UjIjJu 

40 km/h UjIj—«_. Ix^-u li^»i <S^xU iJL^iili ouiOJi jl t ^11, i ^^ iyi 
JLia dlji , jlji, ^jiu 'jLi ii^aJJ j* l<Ui t 


: 1-2 Jii ^ ^ ^ ^ ^ JJ UU ^ #L ^' ^ tyti ''j# 
j-iaokm MVj JS^^ ^ olj oL«iJl >j> Jl, . jii J! j, jLJi ^ ( 

4^all 0 L 4 SJL jljill Js 5j5U »Lo}|l 
^ f-j* jl j* &ki/ <^lll J-U <Um>U 1I i^JsJlj 

. jUJ'ill jLJ oijlf) |M- 4 j*i 1I jlji, £, djt ou-li^ 

'-‘j- 1 * *-*0! ^ ji jiji* Jlfi . li^J 30 km outLi jj Sjl^. jl ^11, 

>*J ‘ ^ W $ ^Jjj » Ulflll jl £*iyi j, . li^i 30 km 

t+~i Jr4^ I. Jj-Jl 1 CiJ t 30 km 

30 km yk } L>lj?l jlxL JJu; oLu-j ^ ^ ^l |j» . 1-2 Jlilh u$ 


• ‘* >l j)l ft ^3l J! <*U) 


O I ^A Ji l l ^VA> 1-8 

uj& oL>Uj sL% Jl j,u»li; iiUJ ji» -iii ll, J$ JL^ 
jk jj] jrfifji u-Ull ol^l ^ jt Jli* ijjk, ol>U; 
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( <Ujuu ) JLo^JI 



A .40 km H 


: 1-3 JU 

jk—^ i^i *]ji ^^,31 

»W 10lun^J>ill*l^yi SOkjn 
. JUUI 


lJul, o|ju>yi J- i'. Lj—I jj_i«5Jl jl JOjJu IxA \ Lj|_ijlAlj fj »X« ILLuj 
oL*5Jl ji ji v 60 cm 3 Js. J-x*iw »Ul j* 20 cm 3 Jl till j* 40 on 3 bULj 
, Cjjui Im> v*>J Liu I La <UwLiiJl 

lil <_LusJJl :jub nJi) . aJ^LJI olfj ^ «»7 "1 oL*S!l jSJ 

ol>lj1l JjiAuLily 

A j* p^Lull Jaxll J J» Ujljfci <J45 ^ Jj>I JJ A L Jail j* i»lj)ll 
R JJ ,4 j* j±Jjj iL>ol ^ LL>JU B J] 

4_>ljj f-i j_j-lJI si—>J 00 km Ujjj i»ljL ^yu LjL£ *iix»u L 
A^lj^ll jL*J j-a »_i JJallj . 1-3 JUJL >* LS JLUI ol>j 10 km Ujjj 
LUla 1 <>l\^|l ' > ~ 3> J! ^ j - i>lj)’l ijl t j,u>lj}ll j^ils jP Ouull <JSJ! 

. *>1^11 ^ 4 * 1 * Jluj ILaxJI 4>ljyi • R 
j-C oLl. i .X j L—»laul jlj 4jkuU ^A C JJ >4 j* < l . n> »«ll i>lj'lll jl j* 

30 km + 10 km •= 40 km ^ UjIja* ji 1*5 . j jU Sl j*i>lj}'! j* ji »L*ul 
L>lj)l jljJu jl d)j^tl_3i^Jai ^IjiOb-L 0* LlS*i JUj j* *-ljy • Juilil'u 

y> <L w *ll 

Rj|ji*= > 1(10 km) 2 1 (30 km) 2 =7(1000 km) 2 =32 km 
oL*A)I _*_*> j_c L/J Li}LL»l l_< l~i >ij ol j >“11 jl 111 j**; Jill I Ija 

. <*-L*li 

jLjkj'I jjJJl JA_>Ji . SjlXJLi ■UiaI .jjLi J ii> i!I Oall sLfu'll jyL> L Ijj5 

^Ljil liula ILiJ ^-ijJl jl£ Ijlj , JiilL 1-3 JJulJl ^ 0 OjIvJl ^Li ^a jIaJII 
32 km LL*»JI 4_>lj^ll jl Jj-ill Uj51*j Ij5aj ■ 0= 18 u jl a>0-< jliiJll ^Jl 
. 18“ iylj* J/JI JUi tUil 

t-^JiOLlI oLjj5.li! j-ijii j—1 a jfjj jl CijIjJl ji jl^Jxo^ll JaJj 

D Jl Ujl>l Ljjlj . JLuJl J| ULtOlj 40 m L»j'jiu * _>ij| U^jJ jl 

ii.uA i>ljjU j_»y (Jj—< Us jljill ^-j JjLI L5 ijli . o-iyil sL» 
cL»jl Ui>i lj| Ll . il'UJl sis ^ D = 40 m > iis. Ill iji . ^jjLJI D «jjAJL 
L>lj)U Jjty jL< oJlxJI gjj ^iy Uils Ujljii J) oLi'jfL jlufi'lll ^ ^l;^ 
, ! is, iJUJI jL» jJU ji_JI ) D : v-ijUL 

lilj I olfjjull jytj JLmI-I j-i ji>JI jl jj| U* (JjJ jl D Ji^ 1 
.iLjU jl^ a_^* 5 JJjj oi jJ*; li-» jLi jx>aJl ij^L Lyi* j*JI jl5 

, jljill ijl>U aLau'IIIj j»L1sV 
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( >Ujw ) Jj^l JUJI 


»T a ll jjLJI £*>JI 1-9 



: 1-4 JU 
uUI jl yjlull j-oJ) 


Lf-J Jj^Lj LJLi» oL*ljl SjlaJ <L*Jl jI^J Ullj 

lj-» ^ iJl> jj 1-3 JSLilL jo** Ijjkj i ^l^L* ^±>0^1 

p-rfjJl ^LL jJu, j*+*ill j-» j£5 1LJJI sIa ji Jm. 1I . f^lll 

jySj liolt , JjS'l 4_>Cil ^Ij .^k ^illll Ouil Jjj jlfk)l okjji i SJJjUl 
^LJI Ouil L J\j J] JjS'l 0*ill jj jxiu jjJl Mull illj jM 4Ju*xJI 

i U-*^ 4-kjUI <Lj>JI j 1*^1 iLjLJi sli 

Xjjj U»i ytfJuJ t *>Ljl» 3 j^.>. "n j* y$\ <Lwk4 

4 km ULi6km i ISp 14 km i CjU 16 km t lip 10 km : 
j#ui Lu>JL LJbull oUljttl UUI ol+j^ill ^ j ILiaJi jko) . ^ 
aU |.jL U jk * 1^3 1-4 JiiJL j^ll olf^all pi* ^ ^k J-aUJ l*i-aj 
jiln jl dakj i ^_»ifl Pj J] JjS’l <*lll JL j« jU R U-mJI ji 

^ ^aUUI p_»pl ^LL j_>ij UUlj SjkUl jilj^Ubj Ik pJu ibi 

6 * 26’ Lf-kU^I jlj 22 km R iLa*Jl i>lj1ll jljJu ji jaJU jl^l'l 


ji-* 5 ji ILL JjL . oLf>all <1 vj>u jjJI ^yJl JU itixi i i*»kll ok 
10 km pj Cj-t 4 km Lp* 16 km 1-4 JSJl J cU^I ^ 
J-"* jill iL»>Jl i>l$l jl lip 14 km l^iij *JLi 6 km p_i lip 

. ILL iAt. cjLx> U jJu ^ ULJI ok p L^jJU 


N 



• V lij^y ,^1^ a*1*J ^1 oL^jkILI u> Oaij 

jji jjkljl /u>} UWI <ffjUl 1-5 JSuUI ^ 

oLfcj^l 0 km iLHJIj JLUJI 45 u «L>JI y 10 km JjS’l ^k 

Ljs+js-JI iwwlL olpslii i t±u>j j*,- USj . 

. yjjllll ^Ij JJ JjSl oall Jjj j< jj£j jjjl oU< ji <L oJ l j^L- jJokj 

1-5 j>+ay JUk 


: 1 6 Jik 

10 lun ' 4 — 1 > <!»J yLu ^-j 

J>l Jkj l*jfiyl>a ^ OL^-VI yj 
. ^^4! »kWI ji 5 lun lfl>U 


: LiL Uil oLljVl /u>l 

30 10 25 (cm) Ultfl 

120 00 30 (oL^JU) lj^\ 


LljjJl ji 6 j> 1-6 JiiJU jj-w 1—^ jj-iJl »L>J^ UUL u^l 

. <LjU | ol +j sjU 
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(<lgjjL>) Jj^ll JmmJI 


\k 


: 1-6 

iHf \—i J>i J* 

, j ^4 y US (r ji) 



: 1-7 Jk 

jui j ;u»*» ujuij^i 

1-6 



:l-»>i 

JL-vi •)—jJ j> 20 kin kl j)ll J*k 

j CJ>i ab J/' J&r ^ liP 1 
jl_l^ ijJ L-a BC j AB VuiBC 
. AC A*ul! JDUlu}| 


: Jiku 

f-ijl fj-iiJ ji 0J^>- jjSi- ) 1-7 JiiJL Li' ^4^11 .^1* p-j j ~ji 

Ji-fi uty-. , ( 1-7 JiL^Jl—i dk-Pj iij'Jk ._)£> fi BiWI oDUJl llxkUa AAA 
, 0- 82* v R - 40 cm j! iijk oL^ill 

olpuJJ jjj^Lull oLS^ll 1- 

' L2 Aj* LjJli 5 jilu) aL-u oLf^Jll olldl iLjk)! ^1 j* ^ij!L 

ojjt j_» Lrfll> &4> J rk*^ Hill JUj . itfj p-jjl <ij Jt- tftfj 
JLoj jJ ij-jJl JJj . olpkl Sj^LwII oUSyi &}» jf-Z aLjUi ok 
jjjUui! olkjil jLkoj 4-iki jjku jl U^U Ax^jlaJl ok 

. A jj-i Jlki 20 km j-u J& & C ilk Jj A ibJLJI & Jik Uki ji ,>/il 
,>1. 1-8 Jiill jiC Jl A jumJi ffJl p ok Jk tfill ttjll p+JI 
j_* “lljl jl jiwj i ARC jLJt flu l* C’JJA^ J1 aaS* 5(1 L«i 

iLi j*j ,>uIL>J' J sj>Ij vil+D* oUuJI . C jl B & p # J! A 

BC j AB jif a-'ilb C J| A > JIjlmwI jki fi i>«. C JJ A Jik 
A.»«J jiijwLuli jjJutfjil pl| frill ,jlk . ^>^11 jic li*A>l j^LiU 

^ O' JUI ^-*51 jj lijj k>-j • jkSl 

oLilili wjL-k> {At fA*LA> Jui "ty ^Jbu! J >- 1*0 LiliJj . JiiLdlll L+jLSy 
jjjUill o^S^ll ok 


A-> 

j-i_S^ J^JU ijM-Lj 
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() JjVl JjwJI 



^ IjJj v pli / | 11 . 1 1 *iuw-Jl ijkUHl JljdJ 3}»j* 

£L*\ Uliy , j^l JJj JjuJ ji iLLa xaj ^uUJI ^1>|jJ| J>UJI oi^i jfi 
: Ji LS i*illil ^JJI »j* jS* t 1-9 JiiJL ^1 4^1 pJli dJWl 
J*Ull *Ui 

om a - ^ a 


tan 8 = - 


j^ 1 

^Li'l 

^1 

Jjlill *Ul 
jjIaJI ^UJI 


( 1 - 1 ) 


Sulvll Jljjjl ji Jw-'l' Ujjll Jl i aJ JljjJI da* UxL>Jl otfl jkliuu ll» 
jl -*J (1-1) oVjLiJI j_* ^ IoSjij , 4jjuu V 

iifiiffl c y ^I V* Jaw 
a = csini9 i*cco6 0 


-^•= sin 37® 
c 

c. 

— = cos 37 n 
c 

Hr =(20 cm) (0.80) — 16 cm 
c, =(20 cm) (0.60) =12 cm 


V>U1* 3JJ* jJaJ j^l JjUjJ 

, x A. 37 s UjJ Ljlj 20 cm a^lji, UljJ ckU 1-10 JiAll J1 *j 
jLii! ojji Ijlj i JUiltj jjJl jj ^ >■ , x jaAb^Vl j^l |.i^: ■;.) 
<-*Sil yi JjJUl jJi*j J*— U titj . ( JUJI sl*JI y j jyjjl oL>J« JI*. x jl 
L^jIj24 jL»J j^| c«_sU( Cy j c, j&Syl J ^*1*^1 ^*xjl ^ c ^LSl 

: ^Lill «_u^4 <-u*Jl ^loxLrl 



Cjk = c cos 37* = (20 otXO. 80) - 16 cm 
Cj, * c sin 37" = (20 anX0.60) = 12 cm 

oASjll gp*. x j^JI p 37" UjJ Ljlj ^1 20 cm ji ji 
yJL-Jl ol*jill ^ Cj. = 12 cm j x jt>aU >-i>yi ol»o^ll .y Cr = 16 cm j^Lail 

: 1-10 ^ k ®' uL ^ 1 *-& J 1 4«Ij> 3_J j-L* S^fcJl da* 

. cm 37°*0.80 j (dnSr-0.80 y „ x j^jll jL>^J ^Lu Jii jSb ji ^ £^1! OutL JJ jSjj 


Lx^i. L-Im j^ Uy »Uil ji ^ . 1-11 jiiJL tjjll 

ji-> JULjj . x j,y»jU yJUI ^ LSjll ji jjvv tjtfi Ci = 15 mm iwuii 
«L^I jl j^i . y jJ y-it <-£ji\ ji JuC c y = 30 mm 

. OJX»)l UluJj U>1. Liy> ijLilS Ja\ Cfull iijj 
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( 4jJiu ) JjSfl JajiJl 


: 1-11 Jii 

1_«S OfiitS »j* > j' 

• J* 



: 1-12 Jii 

. 1-11 i titaJl jUljjll <Laau 

jJJu j* *iij ><!il4 
> *i l« 1-11 ji 
Jx*j 56.4 mm Ji*jK u> 

. x ii*a f io3" VW* 



r J= 111.3 mm 
c v --28.2 mm 


olfxwll ^iJuil W>JI 1-11 

, oL>lj^l a_a» JJx Jfjl y* i'&r* AJ^Ulll CjIjSJI jUo] iLjJo ^ulw jit ^S'l 
1-11 <U*J ol>ljVy IXM wU* ji* 0j*a> ji jilt 

. ( jjAll) t k_i>yi »lajyJ Oatlllj 65.0° Ljl J 30.0 mm 

90.0" 30.0 mm 

120.0° ojI^j 30.0 mm 

250.0" 30.0 mm 

, 1-0 JSuilU r~ey y US blj^ll y*lij kiu* 

oLpoll i^lLu ij ^IjajujL Lulu n>tll 5->II jLtw] ^LJU yStll jj 

. iJUJI DJJ» ^ LUi *i*y iLflaJ' ai-> 1 1-12 jSuiJL yjxll 
jitSj-t jLaj'I >iil j frill :i& j_i J_i <j_>j— w jl J-f-'ll U^jJall 

X oLSyi yl ii>L-gu LuU 4 R» y£i)t I X itSjll ^ . 4Ll>JI 

: 1-11 J£JI j UjLmJ j,UIj yJjl oL^oJJ 

R, = 12.7 + 0 + (-15.0) + (-10.3) mm 

* 12.7 + 0 -15.0 - 10.3 - -12.6 mm 

: iCjLsSl olfkitil V o'uSj]! £*>j Ry 4 l . t»> «t l ) V iiSjll jL>vj jit i Jjl'yJ 

- 27.2 4 30.0 + 26.0 - 28.2 - 55.0 mm 

»L>u^l jj j4-i djjjj 4*IL Rt yl 1»>^ , IL uJ J yliitUill ytuSJl U* yljl* 
jxiju jj> ,y oUSjll vi»ljLiJ i>£> C>j] i> * jt-JLJI 
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(**.&) 



£*»Jl y ol^J ouiji jb oLSjil £*> ^ikuJ dJI lij k_>l! . £ja*JI 

4 > | V | | I jJu jl li* jS ; ^LJl 

jjj i_LxvJI jl dli . y,pA»Uill I,^ij5j4j R <Lx>JI 1-13 JSLUI 
>V it.jLj Ry - 55.0 mm j R t = —12.6 mm La jL>^il »ULi <Ljl\Jl pMJ 
y> K jljjL jl j>J w 

R = V(55.0 mm) 2 + (12.6 mm)* = V3184 mm 1 56.4 mm 



K,--12.6mm 


(f) LijIjJI jl>wJ V J 4 1 LllL X j»Aydl u HiiOill ^lll 0 Ij jI \J I 

ji , 1-13 J5LUi 


: 1-13 Jti 

, 14^^ i±.jku tt *1*3 j Jlk * Uk-Al 


tan <(> 


^ Ry 55.0 

jjLfJi *LiH 126 


vujSjj Jkll (J *-J I 43 I 3 JI e ^* *.37 l*lb jdl <t> "<ij IjJl jLn] j'il LJ# 
4 _ijjJI ij__/L>JI USl ji 4 ill 111 JjIa>J I JLju~>Lj , tan 1 ji inv tan 

jl JJ*0u 


<f> = tan -1 (4.37) = 77.0° 


ji| 4 0+<fr»l«r ji^* 
0 = 180 °- 0 = 103 * 

Lj>J>«a 1 13 j 1 12 jjliAJI j* TviLjJl ojjt Ow? j* jSkll iLiuj Ijj* 
j»» " i.* ~ jl 4 illllI iLjUJ .iL.iiLi aIc J^Lul JjJ Lull dliuS . 5I^k-ll 

d*ulu oll5 Ijj L i5jl) jlwkiuli p^>jJL 


1-6 Jll> 
. 1—14 JSLUl j* i i^>JL 4jlu1i ol>lj)!l £*»l 
: ^ikw Jlfjuwl 

. b * a j> Jl) y j x jtuSjll . d i c . b .a \y»j JL olfxldJ Lj_jj 
J-iill i u j*S}*Jl j* L*Ljj*jI alii ju^>^ll j j j >1 11 jj JuSj* Li 
UuSaa ( y> JjO> Ijya ^ 1 14 J5-1JL L5 Lf^iU LJLa> ^1 0 UI 4 JI j“3l ^ki! 

. Ry J Rt al*u[ 



a 

b 

c 

d 

Rx 

+1.00 

0 

-4.00 

-3.60 

Ry 

0 

+3.00 

+3.00 

-4.60 
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(5.00 mi (sin 37.0") 3.00 m 



3.00 m 


. 3'i.U" 


(5.0(1 mj (cw 370") s 400 m 
(h) 


: 1-14 JS*! 

Jl j_ic 


' 


-6.00 m 

i < i 




b 

%5.U0m 

3.00 m 

37.tr 

i ^ 

53.0 " y 

100 III 

AoOm 


d Cl 


ififln 111) (006 53.0") i 

* 1060 m 


(6,00 m) (sin 53,0-1 - 4.S0 m 
(*) 



j r ^ 


K, -1.00 + 0 - 4.00 - 3.60 = 1.00 - 7.60 = -6.60 m 
K, = 0 + 3.00 + 3.00 - 4.80= +150 m 

jl .ax> |*wjJ I jjj . j 1—14 JUl L5 K |WjJ jjjjijii jjjL# j^Oi 

R = ^6.60111)^ + (1.20m) 2 = 6.71 m 

. j 1-14 jiiii > 

(a^ = H = 0.182 

6.60 

•> 1-14 JiLiJl j*J <jkj <#> = 10 r ^ 

0 ■ 180° - 10 s - 170° 

6.00 m kj 1-14 JiilLi 5.00 m 4 » 'u ll L : j jj»j 

. 193 c *yl}4 7.81 m : ol^l . * .* 1-14 JiiL 


olfXtll <^Jo 1-12 

r; JLJl |i> i^>« ■tL I j lj'>* jjiuj jjjl oLjljll j* j£S Ju* 
jLxiJl *1 oj-uJl j_a ) lij-i 10 * jj*i OJ (. 

4 Ujji i>lj] T jh> dllj ol5ij_l# 4 JjL* o at ^ •. ( OjL>0Lll 
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( 




jJ3 ^ C 4 ** ^ W J J* of JJSSh • oisy, 10 Ujd Ulji ctfy, 
“ Wl •_ LtJI T* ^ 4 U> uij], y olSA 10 

• ( 1-15 J£i ) ^UJ( ins j #LjJ , j ^ 6 ^ ;L ^ J) 

t 4 * L °‘ ^ ^ ^ LH^yi Mi $»t£)l ljj» 

: 00*1 0*»IU) c >n ^ t al^l ^ ^ *^i ^ 

A ^ ^ r 5 B ^ A Chill B 44*311 yU 

■ |_f4 1*^ li* Jt 

A - B = A + (-B) 


: i_io ji,* io .i 

1> ^ iJ-j! jUASi. 
jj-a *;—^ oj^ io u^a ^ij4 
• vjUl il^jl, <i olS j|, 4 Uji 41 jij _ 10 t | 4^ 


: -CjLiJ ^ ** B oiii p -b c 




-B 

M 


:1-l#Jtl 

4 “ <u * 1 f- 1 B u-Stl A - B jU# 
• A> 


J-7 JU# 

' 1-16 ^ A ooll ^ B ooj| ^i 


4k; ^jv^i 


A, = 8.70 m 

B, = -6.00 m 


A>. = 5.00 m 

Bj. =■ 0m 


r" a* b* c/v? m ” ( ~® ,00m ) * 14.70m 
k v - A, - B,, = 5.00m - 0m « 5.00m 


R = = Vn4705^00ip » 15.5m 

+* ^ R ^J, ^,.j| ^ 

"■•"ET®* 0 ^* tan -1 (0.340) 


0^1 flAfci-l# ^ oL)'l ^ Lii^J jjj , 0= ltJ , 8 n . i ^ ^ 

B • A J* oL *^ r B ^ U5I JK>V. kji-i6 
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( ) JjVl >ill 


JIjaI 

: Je Ijjli <j)S3 jl J*aiJl li* t> cufijl oij 

iii>j (*) i jaJI (_*) t ( j ) i iijJl (->) i tlki'il (uj) i ILLJ' i> (I) JijAj. 1 

<-£>1' ( J ) 1 <4*^1 <uA!l ( J ) k <*-'uiJl <**51l { i» ) l ^jJI { £ ) <■ Jy*a)l ( j ) ; lT*^ 

J n>iiH OwLLI ( J ) k OJjUill 

>L> (_*) i UHl cjLaSJI jJb ji Wk* Oaii (v) ‘i-'li* <**$ ( I ) ^ <4*11 0» J^ 1 ^-2 

. L'iil olktiJl <i _J y \uyi 

olj>j olj c«'Ju jlj£l 4al*£ jj ajkjUJI Osj>kuaJI mill 5i>yi k-Uxi] _ 3 

l^yLujl OuJlJb <>lj^l kill j X~M j* J1C <dLkXi Jllfyj . 4 

( l^Lji ji) Ifjjjljj iijH jJks y j x I jUJ - 5 

. y j x iji6 j* Ouli ojljj jljii . G 

ulffcli oi£ £**J mlill ii^kll fljkiki-l - 7 

. ^1 £>* tfkjj rjl? - 8 

: luU jjLuj olij gu 
:u4i)l ^ijjU 

. j4>JJ Jp jM&lj WjiH j^ 1 

k.jjyjyi ei> Li*i« , j»bjill j4-» <-tb-B >* ;*-5l Ml <4*5! <*15*11 oLl^iJI ^ ; <UiU>)lll *-Ux>S/1 

l^jlj olill lui'l J olyu 

: SijJlj itLill j> 

otUxfrl jlf*Jl ^JaMo j-UJl pLii > p-i aJ JLw jl Jrfljill jlf»J itL-eJl J* 
Cuu Jl «!L>^ , | ■ ■; ■•■ M^ilaJl AjjiJI jr ^bill i*j i_ill>J jjjl Jill j» ^1^11 Oj 

: ^UJI »0>jj JauJl 

jLuilj ijlj-aJl ,»Jlj iloSJIj jjlall . J») u-b*U <bl* M-Lj' yijlji* ^ o* : 

b* S IfiSSil giw 4j>^ Jtflyjl JS . ij'ilu °^> 11 **»j 
ii>jli kjjjo . ^Li juo Ji ^Li jUi '< 1 ^ m*5 J jljuu j* J-U' itf-L.Sl ii>yi : ^IdiX 

oix^yi LUai , Liiill Lubjill <J-iyO ji kU-iL^I kiili>yj <_i^yi m^I 4-*^ * ii ^ 1 

pllaiJlj SI kHll>yi LlL L» Lil> jliJixMlI 

: i^MlI pliijVl 

. Lull <ij/JI plijS'l J* ji i-li« u*5 J <4U«ll plij^ 1 
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(<Luiu) jjSn 


: uL»)l j 

>y*>J\ J ifcU-i J5i <bl*J 4gL» Jlj»Sll j->i J CMSill *bb-» oLuS r> ji M> ** - 1 

<iyxt lifiji *bb«J> <> li* ji>J W- 1 *' f 1 *^ 1 jj^ b*j j/J 1 jl 
ji jj ^*11 (.lijSli ji JJC JiS LfiLki Lijjjs 4^uiJI J iy^II ^ijS’l J-w j £i <-•*» °b*i **-* J* - 2 

a#L>JI <bl**JI ji f jVi n JjIp 

: 

jt_i>Sl ,>* ji J. v •’ l+ji jlli k iJU~ j byAJ Cliji Lfj^ >iu> O* j£> ji ji*d J^-pSl - 1 
, Ij* J Jji j*l*Jl JUaS**I j^j ■ T&ty) 

Lr'Ju <*|S J> Ojinil JiP jl 8jUj If&w 'i <j-)bv'l ifill - 2 

. ItyAl I r li> jl ,u*-Jl JJ-JI j| V-WI Sftl -ofij 6*Ul j**till »Wj« <> ^ 

: ol l f->ullj 4-wUi)l oLwiJI 

sbjjlj jljJu IfJ luS <*-l Ja*3 jIjL olj ImS j* b-<bi3l 

ol+^lil £>j **> 

: iu^bll 

, c»o» Ji jbiu JjluJ ou»lb f-j tr-b^ J 1 * 1 - 1 
aJJ olf*ol' cuUL^Jl jU~>| j y** ji»l - 2 

ubfol jj j-ltfiL. Jdiw J>~\ l+*i» pijl , £*>—Jl 6^1 ji jb>il ^'nUU; 4mj>3 a>L W - 3 

Aju Ij>U oLf^CJI jib si* jji Jj'jll A>lll j* *bi iau vi»*>y £* > >**^ 

!j_* J,J, u-ij Ji A_^l in liifCL— bik rj l I J-*JI ji »^ J ^ jl - 4 

. jL^Jl j^>J UmJI^ 4-li iU>Jl »43l 111 V <LmJI jlji* y I jfc-jJI j^ 1 1 fd^ 1 

. J^Jylbui ^<ljL»l i> OjSJe vj-lii jli-i f\L jl>l- 1 

. jibJl wt**J v^ 1 ' J! Ji - 2 

k y } X <yju$Jl Uft ob>^' ^ y ji* (jb^ 1 y SjLi^l i*i ^ ) bu X o4S>l ji **>' - 3 

, <1 n»«ll C OSjJjlII jJ> 

. jljii LjL paiwJ - 4 

. o'iUll t> <La>Jl *b>Jl JJ^jl - 5 

, Jf, 

"■"“ft 

: i>ll> 

■ ^ .1* J-* olf>jil <*bc »(j^| - 1 

£L*JI opiji ?Uil ^ O- i wJLbJi Cjodl ibfbl y-i<^ ji -bij j* 4 -^ r^bi - 2 

l*L-> r j^l 3U>JI ^b rJ d4AUi £**U l|Smi ji % j R* j^! Mj* j! - 3 

. iJbUl 5 ji 







oliujJj 4JuJ 

‘La tlialji ( J i ^<1* ii* ^1> pyl -»Li—; ill .^i i> L\il>l ^lll ‘Li•Llj’Jll L - 1 
ClipuAj yljlkll Juki yj #jJU> Slyl oJilal oljll Ouij y>"ill y# Lji>l JJU^ <J>j(jll oIjiULJJ jljllsa - 2 

yiJL>lj^l ji-i jjLi . j-^ll Jj ChjLLi j->I J-* LaL Ly»jj jikil o_»yi ydii jij , jlLli ji s^li jm 

■ ^jjj L«jJ-AX»JI 

i' SjaLiil L(jL5ij4 y£ y' l xi yl .lI'At; I j L* . I I yua yjLu yxfukuw faUX - 3 
V (JL? (y) . A t B ( l ) LfPtA>a j'Jju jli |j[ B j A j,jj o^LJI jA L B > A jll>lj^ll oaa> . 4 
. 24 h J>'\ (t—i) i 1,5 h y>~\ ( i) J^l> Ifj o*j ^ill <ubJl <La»aJI l^jjjLi Lcl. <5 
ya "5 j-j c_£y»a lyi jiit oL»SJI 3 1a JJ _JxJI jSm Ja v oly>jll yu) vJsJ ^jJI yJLLil! utfljll juoj jA Ii. G 

olfJkjJ! oifi <J.. uO m jj3 <flJI Jj 4ajji y-u 1 jj jlw O-jjj <», .»■» 200000 IajIjaj -UjJj j-3 jjjw Ji Jju - 7 

, JJUl J Lu . 'a y (y) . JjlC ( i ) 

(y) v <JLj k j > %iJJ x (1) c*>Li IjJ 9 i-jjljJI jl j_i*j jjbj jl ^j-! xy ji A oOdl wo _ 8 

V ^i-iSlxa Ckji y j x y'JuSyil 

JiLw 


(■ jL»lj x/jij Syu ) U J> JJ ywj 4 ^jL yiu>) : Luua.'l ji oUu-a Jj J^aJ Ji -Ulfi ji sIImII JJLI I yil' 
yrftfu . L-iL, I f 1> yx JJUl £uufc • LiL JaJ (y) JJUl , ( yA«Jy*J ijjlM ) 4 j^*oJI Llfij 

jjj uf- J>£ JAU J Ll I JjAs*! yUkjll tLkjU! AuUmJIj llJlj 

1-4 ^aII 

60 ini/li ( i ) ! wjliiil jjUSl o^LJl J>b aj^>^il Jj^>all ojUju olji>yJ Li^ll o^Lyall y>j- l 

m/min Jj 40 kni/h (j») . ft Jj 1500 m ( j ) 4 m Jj 440 yd (-^) 4 s Jj 1 yr (y) 4 m/s Jj 

80 km/h {i) : yliill 'ifJ jaLS'I LiLJl J>b 3jj>yil Jj_jaJl olj>yj ili^l y»[_ 2 

in Jj 1300 km (.») . km/li JJ 8 mils ( j ) 4 (l Jj 2600 m (_>) . s Jj 220 days (y) . ft/s JJ 

1-5 

i 62.8 km (1) (J aWI y^jLiJI ^IaxIiL dJoj LyDI i»5L)l yly juklj ^ ll i i. ' i x yi^ll JI^L^I yiil. 3 
. 3.002 x 10 3 cm (-*) » ()im) 135.8 ( j ) i (nm) IjmmU 33.3 (_%■) i 0.00226 mm (y) 

j-ijjjJi liJuLl-Aij Li'iLJI jL-^ jJa j_>Ij ^ llwux (g) oLljjJL; oi^'l JlSJI y3il. 4 
; 74,800 mg (_*) . (pg) L»ljjkj5Lu 231 ( j ) ; 32.55 ng (_^) » 0.0669 pg (y) 4 745 kg (1) 

■ (G&) fljJf 0.41 (j) 

2 4 1 jjiiUl ^ ^jiLiJil jijjuJL oL'Jli iuLftJl 4 jLaJi ^*»J - 5 

. (732 x 10' 3 ) x (9.82 x 10 s ) t (0.545 x 10 7 ) 
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( A«jjU ) J^l J*sJI 


2.1 julUll fa ^ i jj»jjJL <*L»J! j>\- 6 

, (7.88 x 10 s ) x (20.01) r (341 x 10 

; 0.000927 g (y) . 20.030 mi <y) t 3.649 cm (!) : ^1 ol^l j* JS fa r li» J Sl joe fa\ - 7 

. 3400 8 (_*) . 4>Ul 13 ( j ) 

3.000 x 10< km (^) . 14.67 mm (!) ■ i^l oUSJI j, JS fa r l5jSl jjp /jl - 8 
, 3.77 x 10'«kg (j ) i (rad) Ojlsi ojl) s/2 (-*) ; 1100 8 < j ) ■. ItL 0.001 (_>) 
Ly*ll plijSl > ^jxJI jiJLj ^1 JlL>| ytf (3.44 X 10*) X (34.9 X 10 s ) f (0.05899) y~>l - 9 
. Spall fa Si ji ^Jl fa*)\ j^b jjj. (0.44 x 10'“) x (34.49 x IP) ? (0,009) y-*l. 10 
* >ii> nil ILlujJLg jijjilL oly^il jjj . 120 in f 39.6 in + 13.55 in 21 in 11 
. i*o*Ji iWjjJlyj fa*!I jyjiJlt ol>}i yjj. 13.37 x 10 3 m - 0.0933 m + 64 m y-*l . 12 
i (9.1 x 10-«) x (14.7 x 106) + (sm x 10-«) (l) : > JS L*i a**!. 13 ■ 
(87.66 x IO - 5 )w ( i) * (3 x 10 8 ) 2 : (1.6 x 10‘ 13 ) (y) t (13.6 x 10' 19 ) V2 (y) 
a (20.3 x 10") x (3.15 x 10-> 7 ) 3 + (0.844 x 10 ,a ) ( y) »(0.088 x lO' 7 )** (I) ^ J* <*i 14 ■ 

(81 x 10 3 ) 2 * (J) ; (27 x 10 9 F (y) 

1-9 Jj 1-7 & pL&! 

j-* Li . yUuaJl J| oLS/ jj-iJl Jl oLSjL j-LUi jl LLli jjju ^jLkj Jaj JJ d!lu ji uLkill - 15 

(y) ( ! H>y|l aj* j) Uj**i /Jl ( <Ljl}llj jljiil) 

(y) , liy, 30 km lUi 13.5 m .ilLu Lb-J *l ^» >«li i>ii')li i»»i. 16 
to 60 y y/Jl bUi 4;i' Ljljj 40 ^2 Lul> :/> 125 ylil oj^Jl ayUll jU jj yl * JjiJ jj&J - 17 
*T UUjIj IjIjuu 3^»«ill <o~Jb jlSJi j&y U , « J/Jl y/> 30 s lylji 30 l^*>i ^ L/ 
ly piifl i>i ^yJe liljJli jjbwjli 4 jja1 4i..jJL i_ryjl jL_j 40‘ ol>Ol ^ 220 kill 1m jlp *Ju . 18 

yjiLli jl y_>o ^ill ijLII L . iLjkll Ijjb <L'y Jl dl ye) Jut . 30 km jju «iu> 'illiw Oyj ji 

(y) v J! »W J fa 

J| IjUjl j-i J^yjj. jj-LJI y_y> 47 u jL>oI fa 1780 km 3jjUoJl fas jl y>j ^iUi JJ jL ji J*-aiU - 19 
faj 5JLUI Li^xLu ji u a.j ^lll liLlt U . 2060 km liLu Liu tl>J^I ji IjllLJI fau jl yu ^ilu 

(y) ? IjlJj! J| y-iV jl- (> J-**J j! 

J>u0l aj^J y j * jeySyi jyj! , 5T Ujji xy J 35 cm UjJ 5>lj| o2j> . 20 

. 240 w j 122" jyyiyi 

jl>iI 33 cm jj> y »LjJl!l fa L^yS^aj o'yilji>’)ll |»U#iJ J-sSl ILL ji 85 cm nu fa P <Lii!l & . 21 
l.^i.K U»J>ii . Hull ajyJ jlul>J Jlla . J-u'l' <Liil yUJL P i>l\J alaul sillJ lSj P <1xuU .V <u5jJl 
3_»jl}i 25 cm ^ Q = 15 n 70 cm fa L5 J-i?Sl ILL j* SjjL xy jyull fa L-*> JyJ 4lli yijill - 22 

, ^uxkJl ly Lji^> ^jjJl oUll J>jl . 220“ 
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(iuiiLi) Jy^i 


jj 260 m Ukjjj bLi*j i j*■■■■! pi JLb 20' al>Ji 610 iu Ljjj <jLj A <bb j* 4l/i . 23 
¥ A JJ yJJL D i B JJ ybJb A i>ljj L . B JbJI b £ yybli jjJI JLb 45" ol>Jl 
JJ *_L>j ^_i» A Jj-ijj fjLtfb* oj>Jl pi c I3y 4.55 km bjji hL* oJij A JbJi j* *£)- 24 
<JmJJI jfi Ji»lj] jjt L . B JaJJI jjm oajJulj l.80km uLw 'iLb jjj*j jjJy A yii> wj <kb 

¥ 4^3 jJJl iiUl i*i Uj ¥ A 
. *111111 yL» r LMJf 17 VLlI > . 25 
, otlUll wL> >Wi <L 18 hJLiII J> - 26 
, olllill V L> pUbjJ* 19 <lUl > - 27 
j_£Jl Jl JuLJI jlS ) j>I (> jjtill bbll Jjb . 4.75 m x 5.50 m jLuij 2.35 m lyi- flbjl o^c - 28 ■■ 

¥ yij'il u LjJi lift 11 ni-ivi jjJl iijljJI L . Jjlill 
y^lol^l ^ ^La>Jt A J!B ^ Ujji IjJ . 6 = 225°aL*Jl^40mjjljLAcNU.29« 

¥ B lS#Sy jjSl jl ye* OUi ; 20 m X jy»Ji 
32 cm »jbi« B jlSj i 0 = 42’’ ubylj 49 cm o^UL. A jl£ lili , xy y B j A £*1-30 
¥A-BjA+BLi i 0=115° 

Ct j Cy «+2,25 cm j Cx = -3.70 cm y lyLS/ C Ulji ^b J-ab A i>lj^ B 0 . 1 $ £*> jb . 31 
jk_>y i bii B jljJu *J1 ^s^l—du A jLuu j£i* join Js B j A j(U>$l jl c ub IjU . * +4.60 cm 

.Aol^ 

<Ub JjLu 

*« —ill» 65° L»jji Oji j ^Ju nj p.uL ' >—»«lu* 6.5 ft. liL-u JjbJ JLJI LlbJI ^b byw 5yL> dy»Jl . 32 ■■ 

^JLp oj_L*JI ^Lll jjjjv jyJJ olyll JwUJl £* Jbill AuUII ^»l2i Jl 
Ul;l jM l«. ILidt L*iL»j j^h: iiy« 4 ^'il *>: 25° sl^l J> 2.5 ft lit** yyUl) biL»Jl 
£« lyuuoJ jlJI jlA Lj ¥ U-ulb l.f. « . 'wvi jdl ijjljll jlbii L ¥ iiljdl <bb ^>j ijS>>}\ 

¥ JLill JmUII 

pi liy 35 m ibi j jJ< JmJI jil j>^ <5 (J UJt JjtJ) jbi, 110 m *iL< s^ib Jl-i JJ jii p>b - 33 ■■ 
»L» l+Abu ^1 jjk L. ¥ JJl jii Lly J| <^i)l jil ot i>lj^ll "up L , ^ib 70 m 

¥ ^ijllbiJJ vJb Ulj^Il 

*bu j_i 1.6 mi jju jb yjLJl j£i oL» jbj . 4.3 mi LfJjb bLa yjLi d^>L _ 34 ■ 
jLul*! iILa oIjuI! LbL <-»)-+> ji JLA +J »*1 ji jbj yjliil Jy>J oL>Jl a>j1 . 

. (y) , U»jL*oJ dbb* jllLlxi 

j^ilL j 1 Lj» ^cliul ib* ( JLJI yjP 45° tyj! ji) y/ Jbi 400 mi jm J» ib* . 35 ■■ 

<r » L . y^bjJI y jf- 45° obbil j ^l5Li j* Jj>\ ijllk jlkb Lb y^i*JI yji 10“ «byl J jJy Lb* ,> 

¥ jJ^jlbl yJb» ¥ *yJb jil^lbll ijjL** Jib Jb <>ljj 
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♦* 


jl> «Lyuuu JJJi «i^)i » 


. L$jyL iSj> yi) y b*w* 15uuliill j] t liul$tll *y 

& U&* y)l y *ysn «**LSl ^jUI ji £iy jSJj . i-ljjJl 9ii V*i j* Jj* ^ ^ 
y yiUl jLaVl olyikll ^-uL» 4 yUJI oUtbj ( ^ 5 jL#SJI ) f-^ 

tjjill i-ljJ y (A» Ijjj y*b k Jydl Uf, ^ t jW» &4* j* jt® a|» ^ > *}5f* ■ W* 

• •l^ 1 v* 

^J *ii 1J lytfy* iij> ylyi jjyiij ljJjl> Ji ybiill j-* j ^ 1 ji o-* 

l** jywk yu J! ji-^ 1 ij-» j-> lMi Jj*y • y* ofl j#* 

Uijifipi# u»£ji ffrju j_>ji >iy> ifiH7 ^Lc«dsjtfii»y yy Jy ivy y* >** y*JU- 
y-iLl iy yii>jj ,yyi jy i o^y ^ Jis'. i*£j> y yy-s j& jyi y«j sjiii ys 
pLyi *$j>) ‘La*ji y ysijfli "*Sj> ji ij* y yjiyi ^y. tyi oyi ^ ^l>Si ojuj y^ 

ijJl y; Lyx yy I sby itiUl 

jyii yy yj_jj. y yju ^ y »yj ttj/i i yy' j^i ^y< y* ^y yy ^ y* 

yji jy-j oiyi yu^y Jl* IcjJ! iiili. yJI uili yyi fJU y y^iiiil y yyJ' ^-Wl 

jjy yy jjjyji 6-* ji i*-y ^yi ^y-J' y* <y *y 1 ^ i> 

; o^ujju)i ait y ijj yyi uy. ju#; ^ ^ -y y,* ‘ >'» ir 

. o*iwi Jj y yyi^t yy «yi ybj ry y yui yLy»^i is*is#.j y-Ji ^b; 
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JJU3 ipli JJilj . S^)\ jJ* /ijtti jtfi JJ>! Kj*ll 

LLS J U^U- L.ljj ,>i Jj jSij i-'lj-J Sjtiu oIjj 

[+~o\)> jmj cL/u jyw ^| liS*» j fit J j-»y> Ij* i*»$ W^y 

. » /> j plf ^d.-u . y 4 jJlj J^ail jLul il'ii# <L>S«Jlj K?f *jlj J -1 * 

. J^ftill ll_» Pyy jkj i liuLujilb If M J! f_)>^ 0) J 

. olfj yyjJ Jy l iilUlj ij|ll ^i j ±*+> Uj^ t iJLi Jj-ai yjj 
ILulujJl ( y-i» If LJj iSy*Jl j* o'^LaJi <Jjj) 

^jjlj J^kll ola>j 2-1 

JjUJ v-USl oU»j)l Jifl u* v^N <-*>* c '4^ 1 

3#— ui Jyf jili tfS jsU j* SI (iw J 5j> > 11 - &'h 
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( iiiuill ibuJl olj 4S ^1) j^ili 

*<fa* j-J i*hMj JjJil jjLu wu-ai ai 

'r L ^ 1 <>#-; <*L«JI •> (jifM. IJs ^ ia>|j U^. Ji*, k.wJiJi li* , LijL 
J0-. J-*>v3 oi ^ • y-ijP* jUl JpJI Ls L-Uu Ll>» jLiJl 
jj^ 1 j j ,mj . Olo oLJt sift p 
‘ Iji»j (>jllj JjJJl jwbiJ 4i>p> jjUl jJSL Ujlw *pji ilji>ji o^ajJI 
• t 1 ^ 1 ^ ‘H 1 <*r ^ & uj» ■ 1983 r U lu } 

• <*3l> 1/299,792,458 tjj & jtj p *1^3)1 ^ »pJI Lf * 1^ ^ill iiLJl — jx> 1 
j ^iil *pJI JJjJ SJ'K^ 4 SpLill ^ SI r L£uJl p ^jj| 

. ajjA4 o,j 

o±** \s*y 4*^ Ch V^JLj ?jjj 9,192,631,770 -u^iUo jjjl £,jJ| = LiU | 
Miji-Jl <> liuuUl »pD 

c* 1 ^ ^ ^ IV ‘ o^yCJi u* JJ" jtS ub 

(•LijS'! j4 ji^Jl Ski Vj bfOb jlijiu . illi 

^L» ^LJ «LUm ( o^Jl ji) fJUJi jtfisJSj iLLOli . 

<jjlill y«pS' Ojl^A4 |iL^-l ji tLii ji Jo JJ iL>l>Jl j»j ^ya»yi 

( iSj>JI Jjuw ) itj«J| jljiu 2-2 

f“**i O 1 6'—jj Jl ^ ". ! SO km/h Ujlji. Uj_u J^ajj SjLy J Jp- bjj 
JjaII 13a JL <)i ip, 1 h p 80 km Up iiU *b£L. jjLJl yi yj oio U 
0.5 h 0.5 x 80 = 40 km, ^Lii* b^LJl ji Hoi J3 j*m . lib 
J-W Ljiis ijltf-Jl ^jJI o’— ill ^li . 2 h 2 x 80 = 160 km 

; j» liyb Jo** 

icyaill ijUll = *SjJ\ jlji* X y<jjl 

; itfyJI jIjaj jLo| 3JjUa ^L; J^soJ <Ll*]l j3a 
S tf^uil OUI 

WjJljljg.*- (2-1) 

Po*y 

Jo*-* jlS Ijl Ji> ijuJI « jljZ* Jawy* U^yd iJjLul sift ^ 

jljj. L-^u ojj 4h 200 km *_U; ijLyJl o3Li lip . culi p *^l 

: Lflp_y 

^y|f L= 50km/h 
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(-Ulsjull 4 JU 4 JI olj iSyJl ) jiljJI J^ulM 



» * 1 — . jjWj >> i>, • **> ■ <>j «*j > VH* ^ it* j I jZ * olia \> o. 1 * *y 
j-ajJi) J*Jl y (jj*$ jijju Ljyj ji iff . 1.5 mi/yr Jl y> ^yi\ <*>- jIjuu lau-y« 

CiUi jifJi lik. (NIST)*UJM> , UIIj jUl yj\ Ji tij-L bjldi 5»Lll 

0.0(H) 003«L-»ji Ui* ojl oi^ ^ ij^JI ^ jIa^ . obvji l*J ^ <*«S U^JI jUu jl U*V 

jj*—i NI8T f li' i . <i—Jl j-l _ , , 

»J>_—all) Jfcli ^idl jjj> - j/jj H ->* ‘l* 51 «> *</* J 1 * ^ ^ J 1 ^r* o* 

J-S ^ J J • ’^_!»Sj> Jjm J]»ij jLJI 4 jJ> j ii/U jl y M&**» j^jJ> 

j jLayJ j I.L—& Ol£ JL1 aJ| jxftA (jlp 

.o.oooooooooim . 2 h y 200 km 4vL" Ciltf jjj jl> 100 km/h 


<Uj*uJIj 4_>l 2-3 



i “ “UjuJI jljiij 4£j«JI » jbJiuJul Duujl>i y 

<i j >i» <U*£ Icj-JI jl JjJ ij yj* » jjlll x * j*jj** jlU>i ^J-JI j-i UyiJj 

lJLijju j^ll ^'ULUil . ( ‘Lulj 4 -u£ 4 ji jj ( iSjjJl Jjuu ) jljJL» ) 

: <fjJI 

jM v» US'«, i^ilu A jyi 800 km aju ^ic ,«£ B ji« jllU.ii B «A jl jjyLJ 
aJu) jl LmU< B J| A j* ji-JJ l^tljixjLi) j5U» "»JuOfi Jjjt JL» 2-1 J£Jl y 
<Jjbj 2-1 Jlill y ^uxi-S* jyUI y jjtJl *1* A>i . iiLa Lp* ^ ji 

yj * 800 km IjJjbj B Jl A ji pjiUI luJi ^ oU j5J^ . 1200 km 
L^Ij'llL 8 Jj'll J-flUi ji 'i liULj, 2-1JSLUI s jj^'ill <li*ll 
. Jj^ll J^iJi y oU»jk»Jwl jill 4>lj^ll yjjjv ll* ^ Jl A j* 


ji ^IjukL.! luiij oi JJj Jjii ji i>lj)'l J<l»il r jl* X Jl* jftj J 4 
. oUSJl > UjU ji i*lj)l J*U y^> jy } 
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( ‘Uixull <U>jJI olj Oj^>JI ) jjlUl w Lai'l 


lj-» i J| ja>J (ft IUj 0 J 4 jgbhj jl jtf <>lj^l 

, ylllsAjJl (^pU <A^AjLtmil <iLll Jy» «A Oull 
dJKj . LcjLtll oLi! jjill 2-1 JSLiJI jt y^ yl jjj ,iii£^ 

Mi 4_*.lj^l Ul i jilJwull (& ^lll jLlt iii*j (f» jj'i' bjlill liLli ji*j 
A y»i j-ii-Sl jUl owl *l^-i 800 km JkL> *lli>lj] J *lllj . jLil Js xu »c 
*ojl—*■» * lui jjJI oLJI j^SuL i jLlI > ~ .j»ujI ijli. jLJl jl B Jj 

yjfy i 1200 km 4 -cjjgJLll oL-Jl jfiL, j^l oi>l lij Ll ‘ <>lj)U 
-iLb 800 km jLj i>lj)ll 



^ “jJlj ^ Vj** <# ^ 'jtfB ^> )l tr^ 

( J • y iuUi 1 il' 4-^ f-J 6*j ‘ <P^Lil> iiLlI ic^Jl jliL yl 2-2 ^ill y Li^lj 

^ ‘^ * ; ^ u ■ ^ iLji c^ 1 -> ui j* *** 

• fXj i$ ■ jlil i>jll jit LLjjJl ■iLij Jl LljJl <d«j jt i»lj}ll i_iy\ ouj 


iLwjlil «-Jl - 


<>lj^l Osli 

jttl (>jll 


• >Aj 


V=y S-Vf 


(2-2) 


. ik—ydl <PjJI ^jjww Uii <J^jU V kj^Jl jy *JLjJl ^lii-j £tt> 

4-*-“ ftl^ol yjii j-* lf»Ujlj <tf*L 4x«£ iu^Jl yjj JJiJ ; $ £i yuvlxu V yl 

4-f m i (jy So V jLi jj—111 stool j-J 2—1 J£^JI ji H i>lj'lll yi i—. i>lj'il 

. liy- 

Jjjjujl JL11I yjjjj] . Ux^yill IfjJlj <ij>Jl JiAJ L-il/lt (ftJ jyjl r Laj^lj 
jUll Olio I lij Z? iljfjJl Jl A <j^j]l (ft J yafi 20 h OjLj y! yijli) , Jt'il 
yli * = 20 h (ft')\) jj^SJl iLkJl 8 = 800 km jl ^ , 2-1 JUI j j&H\ 
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( 4«luill 4 JLmJI olj J*iJl 



: <ii_i vii Lj-JI 

- . MO to east =40kmAl 
20 h 

40 klll/lt «_ft jljuLi 4J J_xli 4iv < 4 II< i £j ill jl ) . Luul jjjl atftjl jl 

: iUjJl jijiU Ul . ( jjJJl ) y> ol>olj 

UjLill oLil 1onft , 

^oJI =-= 12 !r = 60 km/h 

^ J jUI ,>jjl 20 h 

tjgj .J UjLu U <ujLu jjSL J jjj^xll j*ui : *ub <UaiLi 

v 4_>lj^l jySj <L^Ij^II 4_itfJ Jj 3 j»aJI jj> fyjjll <aj lio J^3 5j*>! <b>^U 

jJ Jii JJ J , iUyaiil 0 Li I j_C jJpuJI b_j_j.au ; l_jiu» jlilL Jouujiil iLc^JU 
Laiill l> >uL j_L rijj 7»lj oljuyl Ijj j£Jj 1 j**u iS_j> Jju^ 3j^£ oLa *ia£l 

. IjLo Ji>ljj jli 

4jJi>JJt 2-4 


DjwJI sJt . 2-2 J&uJl ^3 Oj^JI OJ>y Li JyL <J>j> j'il ^jjJJ 
^IjlLL~#L IfMiill jjj b CoJxiia 4ui»j ol^ij 3_jSJl *-ay» jjjj 
,j±J 4_ujjJl SjliJI ^* ( jl li!j lyijj ) M jl jtfjiilj 1 Jj«il CLoij j^£u 
<jL-Jl Sjl^j ju jvjllj IjbAj ( Ly-Jl *Lui £jLuu SjSJl (j! Jo>^’ . 

< tai l Lftjj^* jJlC tjSil \ty-> jjjju iiijJa j^ll yiillilj . iaJL *ui«j J_jll JJ 
<JaijJI JJ ilf d>J n >JJl <Lj~JL Lyu <Jiu .up <rj*JI t C jSjJj L 
. LJjaJI »L»ul yj-ij *_ft 4_jS Ji—J J] ij—'lj Lift Icj-Jl jliol ji ^-aiyI ju 

4 ) A - ■ Jj I I 1 i £ ^ ... I I 1 'I ■ jl ^ 1 1 S A > (y (jjjl 4 ■. jl u! 4 I H .4 I 4 ,Ai 1 

— A 

_(_• A j_« ft^«SJl Jiiii Ujifc b jjj , y SjSJl . B ^ A j ntui ll 

n uj_j L^jJ* 3 * Af yl UJL>ljJ B JJ 

J x~>yUi : oJbj , A t Lui B Jj A Jlili^J AjJ]l tsju-u jaJl jj Jl 
; yt B JJ A j4 iilaill j 3^1 


2-2 JSJ 

A-Jft Jjtfl Cm 

j__4 laLjd ijiilj JjUu 4^U j uliiaJ 
) A< * o-O t/ B ^ A 
• ( JU* 


- Ay 

Ojlj tjjj . jlU JuljU iejJl iu-lJIf C Lfi 3jJJl isj-1 OLdJ :ift (^£J 
IfLuy- j** LfjJ ji_ji 3jSJl jy* ^»iw ( A/ oJj Ijj ji ) ip_yJjl oLwyi 
4' ■■ .11. Liu LI .j> LLjjvl L ijJJ . C JJ Lfjii jLjt D j A jliLLJi ja«JI 
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( <Ulx*Jll dlxaJI Olj iS j>JI ) jjllll JJtll 



j-i JL-fl 4 j! ii~A Jflii J* jJlU iS Jk 
iS >2 Ji»S \J\JU, jj£U Jf* 
>!—V i#lsJ ii-S j*ii • ikl j J* j 



. ijliJl iiL j* u.JUi. Jlkij »lJ6 


jl J-i'i (j flf J- A> i jJI <L—>*iil \fy Jl j|J B j A jrfJiiJI jfilfJ 

. 1 jiluv jiUI JjSl 4ukJl jj C if ijiJI J{ wjs! j»£ 

wjyjj / i 1 X 1 iCj-JI j-j CiUyll IfJ j«ii ill> JiAuj jl li'Ai i lifi< 

^_juxi jjjlii . A/—>0 Ij_2jk 4_iiii Li fJtj i jiLsJl ji oLaijj. <uLj)l ft^uUl 

jlJl <kiyll ie^-Jl jl jl^l ji liiiiJ C ji 'Jl> jii^jj D i A jLiuuJl 
i*j_JL C if 4>jJI jJ-uJ jljifj . C if ipj-JJ tllli i^Ll lfjU*.X> 
4 jilill LLjLJI DA’iij . ( i^Ldl ib^Jl j )±i ) v t_ijx!b Jliij <Luu!l tie if 
: Jlilli" jjJ 4 ilv>11l . lj>jS JiLjI 

LJuJJi i>-Jl = v = lim — (2-3) 

*->0 At 

Ijjt. { jJLaIi j_i At vji-ii UjLc LjaII 3JUJI ji) <o£a lim j»J\ iyLj 
>Ai —iao jjusJl ji At j^SJ 4- _ » i 1 «Ji iLJJJ I Jiliili kjj^«iJl 

; C if AjJixUI LiU ijjLa B j A jij btj—Jl 

. ±iy> ibUaj 

LiLxJi Jojuj C J-i. LUi j—L* 4 ilv>lll ifjJI JjIjL j a ills ibU JL* 
4_»jJl <iSy> oLxil J j ti u j-* L>Jl j£lll jl Ia» b w*-u A< hllil£ Ijj . C jLp 
iiLlI j^SJ JjJ <LxuJj 4 B J| A ji JliiiMI 4jybLu jAJl jijll J^l> 

. B J! A j-1 4JUul Ju£ c»JI IfiuaL jjJl ijLai! iijLki B J] A ji 4i ji >.ill 
iijxJl JiAij •ullxll itjJI jjj jljill |jjL«Ii i^jJsill oUll jl 

Lai 1 jljiil ^ jLjLui C its- 

. <buujl Jb its ^jixxill iSjxJl JjAl J^Lmi L itS 4akxJJl ii^Jl jljii 

JL>lj Juy ^ IsJ >Jl 2-5 

jit iS^xJl jLt J~aiJl li_* jAw L 11 ^ki'il ij^Jl JbLi LliiLu ya\ 4 ' fcj 
jjjUUI ^uaJ 4,ji^ ^Jxib ■ A>lj jj i$j»Jl J»> iiliuil 

. iix'jl J^-si jS jijjy ^ i5>Jl jic 
jl . j>I^ -1*4 ^ iSjxD JLu 5 12-3 JSLiJI iixjyi 5jl^«JI 
j j£j JLilbj , .t ^_>»ill »_i>Ul 4l>i*bl ji j^ii tiuil if ijl*JI i^j> 
j^SuL i l^__»L>Jl Jjl^JI OUmSlC Ijj III . Cswi jbfci'lll I is ji Ific^)-J Jilll 
3J^*Jl Ul> ji alxi'lll Ujyj jSo* Iilsj . X j>x*il yJUl slsoil ji If Ityj 
iJLJIj 4 j^^ 1I j(ijLl)lv J>lj JA; jjS 





(‘UblJl 4 I>aJi olj o\>JI ) jjHII J«mJI 


4 —>lj] jlxii J-iu x ji jf i»il . I 2-3 J_£i)l •Uuil ii y jiiiliJ 
jJ x = 0 j_ui oiLS Lfji juijjJjJj ; t dj>JJi jIt ol^Jlj>^ll \S_s< j£ jjLJI 
J_S aij_* SjLJ! ^-oy* Ji. 20 min ijji Jjjuj J j>jj L^llj t - 0 4In>111 
: jj^ll Jjjl>JI jj US 4J^i»J u*fl j iiljS 3jUJI jl xfOu* 

*(b) : 0 1 2 3 4 5 6 

x (m): 0 20 40 fiO 80 100 120 


si_* JS 2 Um Sjl^JI i>ljj jljJU ji jjm l (i» 

. i—r 2—3 JiiJl 'Jt J-O^sj ijjH t. jj JJIjS X j MJ S 


i lm) 




jl Jju^ 4-jUA^I 3_^U j_) j I4« U^J JSill j4 v_l l j>Jl ^ j) jlj^All jUill 

j; Hi ll j_/A* jli IjlSUj . 1 h J_ltj tJ _SiS'l » .- Li ll jlj 20 m Jlu j-iijl *LaJ‘ 
di . i-pli JS .y x j^xJJ i-a>_j1i *U>o^l ji 20 m SjUJi jl ti) jl 
i A t iul«yi iyill Jm> bjLuJl jiJl i>lj^ll y At <jy»j . j->Ul *La!l ji 
j)Sj DjUmJJ fla-jlll jli 





*-&y Ax oJlS Ijlj . x yuj^ll #1 >j^I ji 4 *ju j*) i»lj)l Ax 

sLfci'ill jj jjiu 4 jJL— i CuLS Ijlj i x <—il—^J'il jj£ 

i -j 2—3 JSjJl ^3 jiJwjll jjjJHI jj jl |» I I ji^ <jl jl .A j^>aU yJLJl 

, SjUJl ib\*l 

J#_> .y iSjAJJ Jli»S 2-2 JSLiJl ^y Ix^il iliUl »j£Jl JJ jSi £>y) 
&j_SJl ^LLa Hjyli JJ« "ij jlj4uu>^ jJjU illxll si* ^ iUj-Jl . 

oUUl jujJl j-J illaS <j\yyyl\ Sjj^Jl ji* y iiiLJl 

. ^1 JjojkJL 
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(<uJxuil aix*Jl olj ) jjlill JmmUI 


«s): 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 

x(m): 0 0.20 0.78 1.76 3.14 4.90 7.06 9.60 12,5 


v (cm) 

15 - 


10 - • 


V] Ay ^ fUjSI 

tom 

1 t 1 1 I_U_I_ 

0 0.10 0.20 

*» 

: a-4 Jii 

. 2"2 JiAL gJiil y3* JiA 


jj—* J^--i Jl lj—iij v i >jji 4 —*Lkjl i_>i Ay 4 _>lj)ll y< iL_>^l 
oi-! -yiil ‘ 2-4 J-iUl jj Ljl* Ulu gJLJI 

jl i>—j—* 1 » jl Uui^j . Ay / A l v_iL_uv> ' ' a—^jJl j_i B j A 

jl A—X) j! Jj.V->JI ^IjlvuL^Lj i tfl - A£ - 0 . 100 —O.OfiO — 0 . 020 h 
v y B - y A - A y=4.90 - 3.14 - +1.76 cm 


VAfi 


_ Ay_ y fl -yA _ +1.76cm 
“ A# t B -t A ~ 0.020 s 


= \ 0.88 cm/« 


\AU jl JjJv> jj . fl ^ A jv <Lkw^ul iJJtj 

jlJ ll_ 5 v*j JiJ Jj Lwij i olxjlll ^ jjSj Ipli ojli^l u>m 
(JJJI J> CyJu i ^UJjVI ^ 2-4 j * o 2^3 jJlUl ji jJjll ^Ull 

vlli-MiljJ j-« _y_S jj wLUJj . till ^Ll*j v ^UijVl jjj ^■ ' |J . 

'-i-lltU viJLUi *- 1 + 1 ' J-Ul lv->Jl J —<4 4 juu)I ajy* jl oLuslijJl J iJoUl 

J—al iUijji # j A j*j J-iyi JxiJl Ja* jjj 2-4 JS-DI ^ Ay / Af i^SJl 

. jfll s to-ll Jl 

J-4* j-» j-»jJl JjUu <->13)11 j- ' v>. ' u ^ B j 2l jjfiiaij lil j# tbwjill «jj| 
Jlllliill jjj J-e Jl |.J‘ -I )i>!l 

1»->JI T—viV yjjyw li> ^ujUjUjj # J A jliLj'Jl Li.ii£ OAaJl i!L»Jl Jj 


: jji ' lIm Uf w j*iyi 


. 4 J&J 1 Jb jua <Jj>Ul iu_yJl ojl~>y <!& v 5 ^ jup 6 *jJI 4 >! 3 )ll Jih 

<11 jj . j-»yi JjUu ^ >‘ 0 u-LJ 4 x*aSi (JjJ 'jjLi 

. JyXlll ^txU OkxUl <UyJl llJxM 


2-1 Jil) 

illj^ »/ll v 2-5 JiJJl I J*\ J! oijj>3/i 2-5 Jill) JJi* 

. 4 _Ja. x JJl ■If-j-Jl jl>y| yJLLvllj . ^311 Ji 


CSj% . 4huJI JJ— j,UI UJi JJj a ( *Lu JJI ^Lw JLj j ^ <JuJ ^-Ul JuJI 0 
. y>Ji jU J>i ]£ j! y ^ 1 
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( <u]xm 1! olj 45j>JI) ^LUl w Lai)l 


: 2-5 Ji*l 

i (LuLJ) <J»i *£j± ( i ) 

4^ o£ (v) 



A M 



(0 


. M j A jju (c?) ie^Jlj Q j A ^ l l u Jl ^ (d) ■di^Ul lej_Jl Laji 
LyUi ^ ijuJ p 20 m 3jjj pliSjl Jl ^ SjSJl J JSUI ^ ^Itua J^IjuJ 

. jjj 4 <laiJl <lUb jif ^jlill ifc^ll Jam ^la*j 45^ Aji V j}*i Ijtij 

. P 4jaLJl JOP Lflu prfjl ( I ) 

v ^^ Ji ‘ l= ^ =10m/s 


: Jill* (V) 


v 0 = Q^J*ii = 0 


iyLJl ^ IjjJ |4 ijfll uii^u Q juPj 

w 


=- 10 ^ 


jj 5-5JI y w» i j^ll „ N xic >_JLw JaJII j*i oJL Ua jjliVlj 

jlji* MS [ j°*i j4x»]l J^* jl . j"$ll <LjLi I^jI ,jl % y jj>J! ^ILl'I 

y tJUl jLu'ill ji itj-Jl ji J>*j oJLJl J^ili 4 4 Pj«Jl obfolj 

jJ^I I j-» . ( 4hW-* ji* >»j ) Q j A j# ( IjJj ) U*iL« IL> ^»j! ( j ) 

- W' , 

: ji! ‘ v - ^ ^ : jl ^>) 2.0s j 20cm fa 

v*,= «J!A4. ^iJi.-^-lOin/s 


: M) 
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(4*kudl a!i i5 ^jJI ) ^liJI j^lll 

*AM * M JM i* fp J* = = 0 m/s 

4.0 S 

‘ ^ s* M } A & »jfll 0* ***** VyU' oi* o' ^iiyi *3 

: V*> ■ iji- JjLJ i^lSJI Wfl| 
b.lj'il n 

»« =——— ■ j~ -Oml> 

jUI 6 . 3 II 4.0 s 

■ . Vjftli Jo« Of JlSi- <iw>Uf iPj-I) ^1 J^ull oil» ILL lij^i LS, 


( £jLuJI ) <LbgJ| 2-4) 



• >!* ijLJ JlL 


v / ^ J-VM j-Vj ) i-uAi Uuk! Oj- V 0 of uijLJ 

* original » <J£ 0 * f } 0 oUUl otyJI) , U\j ikxl ct r 

( j** * finaI * V5j jilJifl .i Jj 

<JjUI LI 43 II SjtfJi ooa J^i. ^jjj a <j.^ji 

- Vr^ 1 J jtfisif v-v. 

a= ^r = v m 

1 ^ H ^) w >cji ^ iu*ji 0 ! ji 

^ 5 ^J l 5 ! • O-jJl 5ji>j jIp L»Lu U^J! jj>, ^ ILmJi 

. si f lWl y m/a 2 ^ v 3i>j 

Oj£~Jl 0 - ij-#s SjU- jflul i LUl Jfyll J J^cJi ij* ^ jji ^SJj 
o^l Lai* 12 8JjJ J o.j JM> 20 m/s Ojj3 ^ Jo* Jj 
v /- = 20 m/a VJt+D'j v„ = 0 Lll^l ^Jl^li* LLLu . >t ^ 

: jj] t~ 12 6 jUI i>j^ k * j_pJJ aLuVl Lu»LUb\ 



t 


20 m /s - Om/s 
12 s 


1.7 m/s 2 


.V J>>( j ^>J| #Urt| J OsL 1U*|I j! L>UI » J Li)ll jiG viu> 
1 x jW t^-) 11 *^' jj UyJi ^ >Ui SjMI fli oi/ii 
: iUIl «i» J (i^i jjii,. 12 s j5l>0m/» J|20m/sa. jtLi 

» = ~ = 0m ^' ~ 20m /s = _ 17 ^ 

t 12 8 

ii Li clu>j . obol o-i -uLl jjliJ o' /jjj 4 0^1 VI- SjLi^ll yi jjo’i' 

4 x j>x»l! aLjoKl Jj jLJ ^)| Jj ^ L>jii * 1^1 oi ILL LULI 

bi 4 X ; >A«1) oJUl ^ l^i 0*0 a <i>*H LJUi 3 ; L^I oji 
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( iLuill iU*Jl CiLi *6 yjl ) jiUJI j-ewJl 



: !i-fi JL, 

* 1‘mil i j-ill j— i jSl U '<£■ juu\ jjiu 
jiiiu 


jjLf j*-~h t jtLfjJl SJL> jj |il—>J l i-Sj> y-* lift aLol 
; Ua lU-iLi'll iiL . aJLJI ‘LLkiJI y»iti.<n ^1 >>1 i<l J-u/b LulJ . j^>Lu]L 

jiftl.>>**111 U_>l jLi>l ^ iijftJl jiL wjjJ i/uJ! Lol>l olfJfcill ,M JjUill lip 
. LLu ilL-u jj IJkJft U Oil , llilf au l *-A>M «L>ul5 JiiU\ 

uL> 4_tLe 4 1VI jJl olfJKlll ^i« >1 4X>>.n l l SjLi'lil il*U V_b>v 

. CkHI lift jlxjil itfLftJl oi*iOI j* ^j'oJ 1 <L»ull OjLiJ jMiw jjjii} , olfftall 


: 2-1JLU 

. J-Lti J! b—'Ij i-jjii* tjfil (y) jl £«»»*U jLjll ,J|*«^I ^r 1 2-5 J^l Ji" 
LfjJ.vj' j^jij i>_y* J^li* 5 jSl 3I iP^-J l^il^ U-j 

i JYjCukI 

? >-j 2-5 JL 2 J 1 jj ic^Ji ^iiVdii LLi Jljw 
ji iii>J ifi J_ift iftjJl L 2-1 j>4^uJI Jlill j OjL JjUT 11 ILL . Ll>Vl 
N)Q . P JaJuil XJLft Jill uU jju* jj« , LiftJJl clt jic If JilLy jixii J" 
0.5 b J-* ) J^i kii te jSi.1 . u^iyJl ^ 1.0 j 2.0 4 3.0 s tLjjU 5>LI 
J^ jLp Jill »_u*>l {J L£m 43J j4d[{ ItfL JS Juft Liu p~>jl» ( %* 

; JjXftJl ^ sUdukII Lllill .LLiLu JjIIu (3- 1 * o* jiftf) • 'LL 

Time(a): -> 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Velocity (m/s): > 20 15 10 5 0 -5 -10 -15 -20 

wlj-ftu,) p_>Jl <jl oUjJI yiiftj <JUl oljU^I jli ( ILL lijj LSj 
. y ; ^X*U kJUl tlftj'lll 

'■ LL LbuJI sift JJL uuS : JIJ-i 
J-»L U li* ) . yiSl j_jftJl J* t y jyx*Jl Ji v JlL : ijl>Vl 
S JiLiL ji tlafti j>jiUl y -nJI jLu ji>l . ( t ^ iJlj5 V jl t J^IL V 

. 2-6 J5LJL ^ulli jJL ^ ^ic J. /» » ~ >^ ilLft » 
V jJLLI p^jJI *1^ <L>viJI o^L U . JIJw 
tiiJI j-Luil Jjj j» VjJl ji U5 UL k ji>lil lift Jj 4 jft <d*oJl : <uL>)H 
, {2-5 Jii) {>jJl ji <M vd^li Ji*i 
V lift jiu L . kJL Jo* ji ^uLLu ]*> (jft oXffi lUII ^^LLI jl ^LlyJl ; JL-* 
<UI>JI flift jj Juu juLJl kiJl^ , «JaL £»*» lit cull ilii ' i J i iLJl Jo* i VL>)ll 
. LJL a (ji Juu illii k_JL Jail ji I Joj) . iilsiL Uv oli i5j>Jl oi*ll 
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( AjSitl 5KJI olj 55_>*J|) 


oLjAll J-* Jt C^l li*i k ^ jui Jj jjjl »t*n|| U^upi Li ^ 
ji-l JJ C-ij 4^s ifJUl 51 *aJi jli 4jUj . iUJij U^jij s*|^($ ^11 


'“ ii*Ji «lk L : Jlj* 
: ji ** *L»Jly < J*II p! ^ 2-6 JSill ; 5 ,l*Vl 
a- - - 14 m/ s __ 

t**^ 1 >3 


1.4 s 


=-10 m/s 2 


■O0j>\ jju ,Ul £aLu, ^i jy ol^Lxli jxi 

Jl>> JjLu ( IL^ i ' J}M ) l+JUSt <l>j)l J}t> Sjfll U** * •LiaLUJi/JjJi 
^1 tliii LiliJl ^ 10 m/s ^ ^Lii i^SJIi. JU Jj ^ i 0 m / s 2 
ji 2-9 f-iJI J jy Jj-j tUJ ! 10 m/a 

■ . 9.8 m/s 2 SjDl 51 ** ji ^ J| oLLUl 


4-otoJI 5i>gJt olj «Lfix>JI 2-7 



.VO X 


A II 

• 2-7 Ji4 

o—* * »> u«j ijji jjiiuj 

n^4 


vu-JI li*_J . t^L JjLJi 5UJI |*j ys ^1 Jtyl up U ijU 
. 2-1 Jlill ^ LS^IJ 51*J| [p ^ ^j| 0 ^| Jt J j . 

^ IL * 01 ^ ^3 ■ < ^ i ji o^uii »j» ^ ) 

iJUII »i» j, wja; 5*11^1 LLSl ^ ijjtf ^jj il, , ; - ^ 
<1>~ ^ 5*jl*jl jjb cu*i uijil gL. j* v JUb l> ip iljjUl 

j>£* L.J* f L*y} LjkiJi <i^j| j^j .sj, ^ :.hr. f 

, ( 5uU ) <Jilu 

ukA-*? 1 JUi-rL iiiL) L5*j k l> 55^x11 J 
x J^xlL Cf^all JliL- Lilli Jlj SpL , jLjo'jIi ^uij 
^1 (u-^lli. a J^!L, x 4 Uj| ^ U^JU vJj*llx .l*j| J 
» J)r , J-L V„ OjSj t X alfc^l ji tyL* iUu Jj>^ ^ 2-7 JUL 

A ji i>lj)’i Jij x ji ^i, B 5ku)L 4;j^i Jj: / iJL* UixJ Jv f j A ils-.i l 


«J! 

: ^UJl L115 HU*,, B JJ A j* il>JU L-JUj 

. <1>jJI *liji v *kwji! if _Jl . 1 

jijJI / 
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x= vt 


*3 

(2-5) 













(iutoill <JL>uJ1 o\j isJ>}\) ^liJI j^iJI 


li<—Ij lijLali Sjlij ,> J5 Jaii j>Ij <ui* ^ (2-5) iljUll 

JliJb* ) V ( x \> jLkJI jS -uaLkS^'I j|jj UjLaII : 1 a Llii jSjj 
: Ulb So>U (Infill! 

v — x/t (2-5) 

IjJj • < «hVi« 4 JL>aI! jH jljyjLH* 4 jhfrlll 4 >aJIj <kwyll 2 

; Jl 4 U 0 J! \jjjiu 

a = j -1 - v/ = vo + a/ (2-6) 


■ V f Jl V ft >■* £* J**35 jj* ^Ualtb pa^Jl jl . 

; jlUuUl jiiL> JIIsLoj ji B \ A uil Xt^J\ jli JJlb 


(2-7) 



o^jLJI ^ LJauuil U*aJI olj o-JljUu UujJ 

jfii ^jU uiij4 ji iS^Jl Ju»y 4jit$ (2-7) 1 (2-6) 1 (2-5) 

A 

LfJ^ i f L—j’Vlj Ojl^jJl ji 5 Jail I olia^iJlj faAUIl jj tuj y j^ll CiUj 
J jy>j jJ USuli Ulb jlLliia » ; ^Jkj wj’jiLJI jj jjjS JjSLi J>Jl rlaii 
jj « V p.iWi nil o'ijLail (jl pJLpl Jl_5 Jj ^iiiDl llLJl 
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( Uaiill <i**JI Ljlj iS) ^jUJI 

J! ijiliji* JJ <jLll Jiliji i^y Jlai, L^aJl ^ ^| 

JiLJl U>y J ttifi LI >> y, JJo J*|j . ofcUll J UiiJUll 0>Uil )y)\ 

: tiled i 



SjUJI jl JljJI 

Yf ti,(SU 

V 

(^i,s jlyjix)t^,iii^u 


v 0 =0 

U)£Jl y» ijuu 

r ui*ii u 

? «J- 

Y& Wl* 

? "»M*i 1 (j«jJI l« 


v ^mii <o l 

V° 

• J! S*i 


: 2-2JLU 


»Lwi 10 6 cbl> OJS m/s JJ ^Lbijl^ ^jLuIj j*Ul ^ SjL—• J ^^iil 

j 4 jJl li* J^l> i»JoJLU ULlIj iU«J( j*ji . x ; ^»JI i*l 2 U ^lp 

j : |j2t.Vb« JVoImI 

oiUJ U A, ^ l jya ^ L^ ; j_lc 4 JU 1 J itUl oUl*JI j U ; Jl^ 
t &Ul J tiaioJl c/lbUll 
: ol>yi 

. v fl =0 jjju * ^^£Jl j* tj^j ». 1 
^ ^ ( 2-7) . ( 2-6) ; (2—5) **UI J j!. r UiL ^Ls . . 2 

JSjil 

/ = 10 s jrf V, = 0,r> m/8 oi ^ ■ 10 s J)U 0.5 m/s JJ *• - 3 
Mj J-*') j »i 4 o' > 3 «x joJl Uftj J* l^Sj> »L*i.. \ 

- 3jl*JI %J>y UUflJ X (jji 

'.' if lu w o^Lkll oL>£JI U : Jlj«i 
* ijUJl LfAisi; ^1 oLdlj a il»oJl ti^$ iil»yi 
V paioU i'i’jUil jl ; Jl^w 
oUSIIj ( / i v r V 0 ) Ojtill ol*SJI ^ tSyjtf jii\ o^Ull • il>yi 
(2-6) ihUil jM iu-UJl . ( a . x ) 

a = (v f v 0 )/t 

















( aJ&II iLxJl cilj dj> Jl) JjiJI 

jUvjI u-t V ilx—yll iijJl ,><£ ( 2-5 aJjIaII ) X 5JjIaj yl d*>) 

: (2-7) UjIaII <PjJi Jvt . aJjUII Jji <^5Jl ai» 

v = i(v,-v„) 

a = MjSiirfiffl/i » 0.60 m/s ! 

10 8 

; 

v = | (0 m/s + 5.0 m/s) = 2.5 m/s 

: jjSi 10 s jy> 3jLJl L^uLl oLII yli p >j 
x = (2.5 m/s) (10 s) = 25 m 

JiL*i tju£ Luli a^ Ja>^ . 0,50 m/s' 1 * a^liJl >i* *UJI i^UJl yj£) 
, oUL*Jl ilijl jjjJa oL>JI 


: 2-3Jtla 

J}L> Jl clL?j jJ 5.00 m/s ayi Jj*« ajL- 0* 
jJU S_SJ*JI yi yfJ^i, ijlj-Jl uL*y j-*j) <1*^ Jp-jl • 20.0 m Ujjj 

. <3*0 L#iW jij * j^ 1 

! JHom jVjlwl 
f AJLil yfu Uj \ 5lk*il oltjUll L : Jlj«/ 
: ob-Vl 

. \ 0 = 5.00 m/s yi ^ ■ 5.0 m/s sji Jy»J3 *. 1 
, - 0 m/s yl « jj£J! Jl cA&j». 2 

( iJL>Jl o_j-ju xic) iij-JI jjJu yl ^_luu« 20.00 m l»jjj iiL» J^U »- 3 
, 20.00 m Uji oLu J^l> dj** 

? ajb^il yjO U ; Jlj-> 
. SjoJi <J)l> JijjJ jill t .y)\) a U*aJi . lf \>)I 

? 4 J liLua liJ 0*Jj t jUJ yiw : Jl^w 

oLAIi Jl3i* te dlftU LyjJ J* i Si M y* 1 : 

. t jt- .V-i oli^liJl aift ydyj . <ij*)l uL?^ iiO x Loll 
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(<u&ujl SJL^aJI olj ) ^UJi j*i)l 


V t o^u JJ Jfi a oL*J (2-6) iJjLJl LbJiU Ijl : J\y* 
^ t ^ c/Miill j* L> 

t=x/v i jy A\ Js. l*y, * *=«f tfi t (2-6) <JjLaII : 4jL>VI 

• oljLJl jj V ,>uj u j£*j utf : Jl^j 

v = |( ^ + y 9 ) ; (2-7) iljUil L^LdJ ^sll y%Jl ^ ; ol>yi 


i jjj . V = 2.50 m/K ji xvl» (2-7) ttiUll .lji^U *LlaU 4 )ij,>Ji 
: ULi J3 fj ojL_Jl Ojiiui jjJI 


20,0 n 


= 8.00 a 


i> 2.50 m/s 

: ( 2 - 6 ) feUll ,> Ua«Ji v_iL> jiti t \+»^au) 

a = VrV ° - Om/s - 500m/s 
t 80.0 s 

= -0.625 m/s 2 

, SjLjJl jl>l^ ,_Lw Ifili fi *. v «UjI a ol^Jl LJUl 3jli)'l 

jjs U fa# JLill Ij* . o'sIjUH « ol^lill jmu ^Ak\ Sltl« uro-^ 

LJL ijiSuwl jX»JI jL^ly pljiU j ;.*i 


: 2-4 JbU 

L»> i»L-u J)L» 4.00 m/s Bj jJ Jx^ ^LjJ, y^Ul ^ lf£y> 

\iLA\ xLiJ f pJ\ ^1 L* (w) * &*> ijUJl y l- (I) . 20,00 m 

? 20.00 m 

I uAlnA JV. riinl 

V «jUJ vjLLJI L.j 3JLII oUmu L . Jl> 
jL^j] k_>ykllj . x = 20.00 m j a = 4,00 m/s 1 1 v fJ = 0 ^ .-. l_.L.l i ; <ul>yi 
. JJil r j*JI 6*^1) 20.00 m 5 jLm oaks jj o^LJl jj£» Ux* \f 
? L^ljiOu.1 ^ olftWI L : Jlj_ 

4 <JLxll ^ jjiuJ (2-7) ; (2-6) t (2-5) oVjUII < 3^ ; 4 jL>VI 

4" ol* ■ yi-Jl »j* j Jy*j oftUll 8i» > JS. 

J-XK^ jlilij liiT iltyjjl o*!|jU 1I 3jua J> jjj| Luk , Sj^b* oljia^l 'i' 
f)-*’ J** ^ iujlU jt uiiyuw ll#j ^UU (>u«ib jjSjjLu jk 

<*k bbjiy jolhluil (>mU rb*jL»L 
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( Uxiill aJjkaJI ot J 4*) jilill >iJl 


iojxull 4i>jJI olj 4i ij>JJ jtuuin jUJjIju 2-8 


LiLi^L Lfilj^CL^i jL ^ UU> li[ 2-4 JUH J> c£*d 

ol>Lil OtfJjWl • (2~^) ‘ (2“®) * (2-5) oijUil J! 

J "i| <J»L-ju Lwk Uj k U-JI jtjSS J| jLL 6 1 3** 1 ^1* • ^ 

iJ.S'i -H JJLJl J> tfJaiOLJj ii^Ul oUjUII Dli Jl 
: Jfi J-*»J (2-5) (2-7) IkUll ,> v ^ ji^ly 

x =f (v rV M 


: (2-6) ibUil (> i <iy3 jp 


(v,)Mv 0 )‘ = 2 ax jl 



aL» J> <>£* jSJj ; ILL ytiL fJ L y»j t 0*f*L yL> *** ^'r 
V^r 0j*¥ J ^ <*L J*» • ^'j J-i yi> j* y X~* 

: cjIjL gj* (ijLy 4_L <j>jj vj-» J-»L oj* • L^ 1 ^L jl i^iJl 
±*-t Jx ya Vr* J-" 1 * ^ J* *P* ■ ^ v n^ 2 =y o 3 ~ V ) 

fettle x j a ^jLI oil* ijj L 4l)j t -ax ji -ww JjL, *>l 3 
; iuLJl UjIaII LUS A^k) . dyiili** jl 

v'j-v* + 2ox i (2-9) 

ji k 4 jL*Sl jJiLu x 3 a oLf^l oj^i 
vj =Dq -2ax k_.(2-9) 


. SjLVl ofii 

. i-Ljly (2-6) UjLII |»U»i--L L^ililil oSt^ i^ilill DjLII Li 

: Jt ±a>J (2-8) iljUll y (2-6) iLLlI o*\ ( &■ o^H 1 ^ 

X= 2 V "* + 2 (V ° +At)t 

; Sj^-all JJ l+L~yJ jS*i 

x = v 0 (+ 

■ y UsOlli il>kjJl oli iSj>)l J5U > j ki'ijUu ^ 0^1 M 
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< Uuull <1»JI olj is ) jjlJJI 

( 12 - 11 ) 

(- 2 - 11 ) 
(-> 2 - 11 , 
(•>2—11) 
(-*2-11) 


(2lUSj) % 2-4 JU* 

(’ ilLil sift ^1 c/llUll l* ; Jljw 

tfi t (j 2-11) 3—ljUll j)—i ; 3—»jki i . v 0 . a ji 
OiSJjUll <> t jLv^J j^u \ f . i^L» v y Jmj i vj = 0 ^ + 2 ax 

. (^2-11) ; (i 2—11) 

Y ( j[*ij iiy^jj Sj^Lj p\ 'ihjo x*y J* . Jljw 

Liji j_a oUJI ojj—JI ^ ^uljWl ^tuUl j)i jj . pu : 4jL>VI 

j- 1* oWj** 0 (J 2-11) i (—> 2-11) i^jUH dJj . LftLkAu-l 

(_> 2 11 ) UjUII $ lj_Lj . iJL-Jl jo* j Uf^A; t p j^Ij 

■■ ,l J+—^ iIm yLi <■ ~<w.y (_a 2—11 ) UjIaII Ul^ 4 +*!*> <LLu 

.t-(v f -v n )/u t jLnu)' (_> 2-11 ) JJjUII 

vj = vl + 2ax = 0 + 2(4.00 m/s 2 )(20.0 m) = 160 m 2 /s 2 (i) 

4- 1 <JjU 1I ui -LJjj ‘ Vf =+Vl60 in 2 Is 2 =±12.6 m/s jjj 

J-*ll jjj . X jjjmIJ iL^rtl Li>JI <ji U-jSil U£Jj . &lj 6^> 
iJL- a oJli IjJ Li^>w -12.6 m/s ) . +12.6 m/a y> ^.^11 
• ( x V 4 ^ 13 ^< J 12.6 m/a Jj**j iS^it ijl^Jl oilSj 

t _ v f~ v o _ 12.6 rn/s-0 

a ~ 4.00m Is 2 M 

= 3.15» 


: 2-5 Jll* 

L . 1.50 m/s 2 ojjJ jtLiL jLLill jJ 60 km/h ajji Jjuu> US^>it 1j*j 

v jtl^ull 70.0 m ojLJl ^L£ J\ pj*il ^1 


X = vf 

V = ^ 

V f =V 0 -At 
v'j = v\ + 2 ojc 

!=»„(+ 
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(<u£uall <U>jJI olj o\>JI) ^ttJI J^uJi 


■ JVdLJ 

v »Uxji oUy-Ji u . t UjLkj] v yui ^lji : jij* 

oL-Ilj 1.50 m/s 2 v u =60.0 km/h lybl.'il ifij-Jl : ob-Vl 

. x -70.0 m 

v « j-ulij » rJixjIt ^_uu la : Jljw 

U^^lcl Ijli . itfpJI tLol Lr Jlc LjjkL>Jl il>wc ji . IJL *1** all** - AjI>VI 
. a - -1.50 m/s 2 <1 mJI u' v** 60.0 km/h lcjJl 
'■ ^LUI li» yij)l <Lt 0U . x j a oU»j iApJI olji*j : Jlj-/ 

m/s J] 60.0 km/h <*»SJi J^*3 

60 km/h = (600^^(1000 m/IJrfhX 1^2600 s) 

- 16.7 m/s 

4_^hp |_ji «lj^k.j Jjki oljk>yi jJu L/J oL*5Jl ji LmIj J^bu ihlc yJ^y 

. ( JjSlI J-rtill j oli>yi Jiy-3 fyiy Jjlxi J*-. ) , <jjL> 

V 4JUI sift J* JjkLuJ <Jjbu <j' • 

(_* 2-11) I (i 2-11) jUbUil . t jy>j jjll olaLiit lSj_>J 

Jy>3 jiJl so^>yi (-> 2-11) UjUH !j5Jj ; 1)^ Isjm I « , ■ !!»"> 

. 5yk>Jl <JjU1I o» liUj] jlSi lf_Uj "^ay 1 t y ***) Jjf** 

? Vf Jli* J* : Jlj-» 

v 2 = u 2 + 2ax : (j 2-11) ibUl <> o f waL»> jS*i 

1 AudBli+Jij J*J< 
: ft J«a»o (j 2—11) Ujlall . 1 

v) = vl + 2ax = (16.7 m/s) 2 + 2(-1.50 m/s 2 ) (70.0 m) 

= 279 m 2 /s 2 - 210 m% 2 = 69.0 m 2 /s 2 
v f = ± 8.30 s 

. jMjll JJ ^)l Vj - + 8.30 s jliio —iy) 

: Jut ( _> 2-11) UjWI-2 

t _ v f ~ v 0 ^ +8.30m/s-+16.7m/s 
a -1.60 m/s 2 

= _JUm/s =+540h 
-1.50 m/s 2 
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(<ukul! <U*a)I olj <iSj»JI) jJlDl JdiJI 


V f * t jj JJf <r*lu JJij . d>yt>waJI 5jLi^ 0 <L>*Jl flokU 

. oomJI jjL% 


^>JI oU^lw : c-Uj-fiJ! j oli^> 

jJtJJ J-ijt pijLi £u*»yl 'ifjj k J^)f-ll fW|j J**J' JH j^ «D)Lr dljJ 

. (j^ll Jji 322 - 384) p^j\ ji+i II oyljiJl j** > 

£~ij JJ3 jJa »Liy . JjiiJl f-yJl j-« Jji **j*i ♦'jfJ' / uy**) 1 ji jk-ji / <&«1 | j^ 

. ‘lilj jUJlj *l_^_lllj yljjJl jjt j-oLiA 4-iuji j_i jj-il3 ^Li^Sl jl y»L*1 /* iJsSLJI o^k» p*A 

f pj ■■•' LfJli IjJj • jtfjSl ytj jJ w J a il UjIjSjL-iI jLi* JJ J-ai jl Jjl>J L/Ll «lllj yljill j* Ojill |*L>'i)lj 
(LJl ^yuJJI UjljBLrl JJ JjUa j 4 iJjill ^L>Sl Ui . Jo) «-«ji]l oo*j l« lj| yajil 

u^Sli jLt)\ U . jjuJJi sjljii-i jLi* Jl ji+t) ClI yljill (> u£* *?i **s* ^ O' j) 

ij%£ jIjl-^I dii-J JlJj , j* Jii <tj-u ki-u <ili JjJj ■ Jl! Uliy yj/lll j* d»o> *ij* ‘'jf-l' 0* dLl 
J-sy Jbi JjLt ( /j/ <>/ ,JjjJL« j* «L*ks jl ) iijjl Ciii JlikiLi Li IjJj twli bp* <*j* jl J3 /i 
jiu 4_iS' /~>p &ii> kjLJI ‘liii bjk> ^>>jl if~ Juljj jli ki* J3 £•) . ^Isilrf'jll lo* Jj 
OyU* ^I/->Lj ^JuL lij_Jj j!_S j S' IjJuj . ibSLJl jiLcaSl si» Jli Jb^* j*j <jl^L 

J_JiJI i>L»y yy^l ■ i^LuJulj j 'tL-s: j 1 j* 1 3y ^ **1}^ J^' (*#&} 

, UU 2000 Jij> jaj »;JJL> j-af l y> <J#iLJI j* ^jSsJI j« 

lyuifi j_i JJiy j_» (1294 - 1214) jp# jl5 jij. j^fWl J o^' U 1250 

LSy» jSj [} 4_-ti di »±y j£Jj v yykll jyjl |> oO^yi Jipj j ijjjP’ ( ji ) StfkJl jl 
- 1561) j^Lu jjaj-jlji j^i . 1605 pU Jl_^> 3jM i\j . '<Ud jit i/p 

'alLe *Lx-li ^Ll /* Juj jl y^ objkJI jl « fakill ^jii * (1626 

/ dtwJi yjb»oJl j* j^jmJi ‘lj>b jJwLkI' fl*J' jt/A >4-» j* Jjl lj#^l (1642 1564) 3JJL> jl^ j5j 
ir iiuj . l*i>Jl yjUJI iib /m l^J ^1 yjLxOl jl *51^1 <d»t p»i j'ij . LiulkJb °(<Wb 
ibli j/ ThJ* ^ ^Ij 5-iij< IjL Jii/ yl ^ f 5 <>J • ji ii» J>l jji~* hi/ 

lj»iw i>j ^IJD OyLuOl yjbyJl yA*J |M«UJ jiMl> p jy*^ll oH Ij* (*J|/ 0^ 

jx .ib JL-iJbl LjAl *JSj> U>0i /t yy m ’ll jjj ji J! J-*yj • ^ ol ^ 

I jkj ; i JAmw jli Ui . Afij^i I J> i^U. JaiLo *i ji ^*UIl> ±>) ^11 j Jl OLj)'b • £* l4ilii»l 

4 Itnu 4lxy dj>M Ly5Jj 

jjjy <jl Jj . ja>Jl ^JjJl j-4 yiiJl <p»i U^yjl isJlj U jSJj I Ijjlw l^V" ip ‘ =j e-^ 1 f 1 ^^ 1 J}J*i 
/j l$j kyjl ^JUJI jby Lj jftioll Jl L*i3 ji ’ll! j^< jl duLf /■ 140*3 <*iiJl yjUJ 

y*UII jili>Jl yrfU Jt du* j^i3 jl oi’ll iyi oli ol^kJI jjli 
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( ft hlil l <d>JI wjlj ) yjliJI Jai)l 



: 'i 8 Ji*i 

6l >-* fWif' J*i 

, tye&\ {hilAi i^jUii A^uj 

i^aJl J jlilii- ji j* fJtj 


<UjUil JImLmIj aJI—JI aj—ft pjJu jl JJU j>7 tyoyt JI JUl/lll Jjj 

^_j 1^—LLicJ L lli'i iLujjJl o^jl*ll J> j luk iJ (_> 2-11) 

0**-—'I p->. 3 j_>Jll jJ 4-^jjJI <JjU1I J> <u o-lj . ‘LjiiJI f«j iJliVi 

: olfj 

jl {-» 2-11) iljLill jj i>j ULul oLL pljx L ib - I 

70.0 = 16.7/ + |(-1.50)/ 2 = 16.7/ 0.750/ 2 

jiil jj yiXf aJjUII Jiw Ojj ill lliu oll> Jl UoLyi . 1 jj> 
Ludjl*# jjjU jLiily ‘ O/ 2 + bt + C = 0 jA <rtWjjJl Ujlull AaUII 3jju!I . 2 
lu!L> ji ajL«.'I o'a*U 1I jl j>j w '-0.750< 2 + 16.7/ - 7.00 - 0 S^^Jl 

j* 

a = -0.750 6 = +16.7 c = -70.0 

V jpri\ J*JI V y>* OIL / ■ 16.7 s j / = 5.6 s iwyjiJI UjUII ji biy] 

^>jl hjLJ\ 2-9 

lj-» IbjLw jJaJL- j^4—*> JJUJ ^jJI) 2-8 JUL OjjII Jjj^uJI jrfjjJ 
ajjI—* i* <_ujj oljii jy> b-il ii . l lI aii , <u«jSl <LujL*Jl jfo o»j 

j-a p£jJl^ <L>aJI j*j uv jl5j>le jrfA-*VI ji ^>"bl . ‘j-ill plaiOLili 
0*3 J ■ 0642 - 1564) jxlJL*. .a^i L. Ijjkj i Uyyitfj l M u»» JflW 
JJ l^»lj JjL-J,! jjj"il 7bka> j_j yjJLHj i lj> Ibjiw UUI ^.jb>JI jl oLUiJI 
LiUI p-yJl Jo** ji Ioa ^jJuu . 9.8 m/s 2 Ujji aUsw JiJ 
^iLji Ui jj£ a]»ULi] a!x>J j* IjLJpI 1 s Ltjoi L»Luj •ujli', ol^li \\y oju 
J i—i JJ U— ijJl ttjJl ji ji , lofuij . . . 29.4 m/s k 19.6 m/s ; 9,8 m/s 

9.8 m/s 2 o^l_J il^Jl ji JlL >T yjLLj » lyO Ji' 9.8 m/s jloiw ajj£ 

. Ji»l J! ^1; ii»Mj 

J-^oit j_> Ollii jl A-JujJl jl pi_>jJI oJx9 jl pLu yuli Jjillll liA jj piJLj 

yy-J pL*»S'l tXJ> ijL- jl jJJj j—5 v-joJlj I AaIIm jjkj LfJi IsLu 4>jll 

‘ LjLJI jf LpjLyJ t|jyjl u l^il£l>l i^iii.i( Jj-> a— yjJl LjL/ «Luli . Ij> IbjL/ 

jjJu jJ j«j t LfJ i^jj'Jl a- ^ l*jii jjljlij JlSJ>Hl iji ji Ji 
— tkoj Jai —u J^\ A>yi Jjjio “uLi jli JllLj , Oj^LJIj I j> Ciujl JLjL 
l^yli jjji l^_l <j-tfj < jl yjbjl jJi jj£j p!>JI <aLj Li . LfxU ‘IyfJl 
u-» ±1 6j>J </-Jb ••M- l+>jj jrtt Jill l, x-lb 4^li<>l i> 

b lj> IbjL. JaZ~J pl>jll ‘Ukl jl JjiJl IuSoj Ijjjtj . jijjll 4>jj! JjOu “Uajj iLSjJI 
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(iutoll 5Jb|s*JI dj is w»JI) pjl J*A)| 

? V ijl <J J! Ujj ji ii* I^s Jm. $, ^ a 

lj> JJ t |^J| 

J>i <$l pb ^ ^ jii\ f L*Sl J>p <i> Jpi jtS* <J*JI ^ 

(»p ) JmU; fL*Vl ji Lpll j^ . ppi J^u. sp 

1+-J j-tji) ^ijSl 4#jl*JI iLw ^ 9.80 iti/k 2 U^tjJu JjJ JJ Li_, iU*, 

>* *-** P JI o* M> <u< JllVlj li* . ^ jpj, 


• 2-1 J* 

£ PjVl A^jjbJl p 


A' fm/sj 2 

jlill 

9.7973 

tr** • 01 * 

9.7932 


9.7927 

j>Jc4 

9.8073 

JjUu. 

9.7997 


9.8000 

jlw 

9.8024 

idlitli 

9.79B1 


9.7895 

>4 


. 2-1 JjX»JL 

^ '»JS <S>> p* o'jll2-5 Jiill *pi,. jd 
y 2-5 jPJl,2-l JUUUptfpi^jJ*; 
il^Lw jt L<L« ipl oilS JL»f JI l^jlr 10 m/s* ^Ls ijfll 
i_yU p lip J»iUl p-pl iUc j[^ OJ^I p Jll, Iji , ( pu ) 

ijs <UL ^i oAtLj ijfll cJS i\ yi . Jlgl jj p Lpbol ^ 9. 8 ^ JjLjj 
»j_£H Uj- JC i 2-1 Jlill j Uf i JyuJl UI* ji . JiJ JJ g JJ»3 !|~:ts.E 
^ >1 JJ J-s **315 p 9.8 m/8 (j oi 

. J»jUI «L*i ip JS 9.8 xtj/h «jji Jj^ #j£Jl u r p 

J ^ ^ ^ ^ J>- 

6M 4»j* pi JJ M Oj 1>I fjj t . i/Jl jiLbJi ^ 

^ SU, ->* ^ ,J ^ <>J J*-l JJ t + jL ^ 1 o* -9.8 mini ^ ppj 
iLfc »L*jI p Utf pS Updlj fcpi, l>!fll j_ pj ^ SjL i)’l 
up ( Ji-i JJ ll-ij 9.8 m/H J ) tuU <J>aJ! ji ^u> * ...i..<n 

^■*1“ s5^“ ^ <i*p oij ^ jp i^iwi j^b ^ 

OluUI o'iiL*!! i's* Jx j, 'i'jj y J**l*i- lii5J_j ! <SpJ J..VI I 


. <Sj>U ii-ijl 

Jb lT^' j! “i-^ 1 oUfiuIl J Jjaill Jtfpl J»y 4^U WCKJJ 

jL^'i'l u* . ky tyXi Jy, ol^Jl ji oljuJl j4 Ji ji JjJt p| j,j 4 J^i 

oi ^ Sr^ ^ ilU J ^1 jJ»MjbJ ui ^ Pj t liL! jp 


: 2-6JU-. 

^ J! 3 -° s »J ji J**)l jyjul Ijli . J yf\ Jji ji I^K> cii-i 
JUk^l ji ^ I y^oJl JUbj ik>J y iUI Ljg di flfiji Ui, 411 
^ ,LJ ^ f 1 -^ 1 jJl! idi>JJI jj jiX iiUl jl ) v J^i 

. (JaO ipl MA I^> lipLi-w _v>oJI 
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( <uixull llx»JI olj isjjJI ) ^iljJl J^aiJI 


t ^jilaJU JVjlLuI 
f ‘UjIaJLI ol**SJI j* U : Jlj* 

j—> Lj|A_Jl jij I JLo JtLut Liki/ill ifj-jlj iiwi-J pj^Jl jijJI : 

■ Ji-'l J! lj-4j 9 3 Itv/s‘ J JjLJ <Lk»JI jl Juu li*j 
? >jbyJ Wj^ikll L : JI^W 

Jii»y c 3,0 S 0 jJ3_j jtjll J}1» U-lJ ^»*Jl jjJl iiUH : <bl>VI 
. y 5iL*il ji» jm jl 

? JL pi J>ji sbfj'il lj> ybj J* . JiJ J] i*Jj i5^>jl ; 

iUni.jli pjsli ji .llik oljlS)'! ^}lLel ; Lil>l ij>*j j£Jj (, jjjJ Li : ijL>VI 

. iuj. I 4 J 5 ilLii J*i. oi+jjaii J5 ^ 

ji jujlIc k a - -9.8 hi/h 2 44*-* L>>» ji*l J] oljJVl oj&l li] 

• ( J*«J J! ) j^* j*->JI i>ljj ji JL jjft jl J ii 1^4 Jill y i*i 

_V iijifj a = 4 - 9.8 m/ h 2 ^ ux L>v> JiJ Jj bLkj^I — 4 ki IjJj 

, <U> M 

v ilLii »Jl» uulu b'jjJl O^jIaj js ikbu J ; Jljw 

jl j_* pijly SjSj jijllj £-ijll jjW ijjj jdl jM (_* 2-11) iljkil ; Jl^VI 
Ijl J_iiJ y JLt jJ jjj ^I'pIjiuJ ji*; 4 iljlxll ii» jj ,vjjl jtji X 
: Sj^flJi (j» 2-11) <JjU 1I oLtf jSL jijicj . di 4i«ij 

y = u 0 f + iaf 2 

jl jajJLj) ill—Jl oL» k «« j-o i-Jdl oLuSJl j-c ^vJL 1 ALaLWty J>Jl 
; ji A>j Ji—I J! jJj v4>4I *1*^1 
y = U 0 t + I (0X3.0 a) + 1 (+9.8 m/s 2 )(3.0 s) 2 = 44 m 


i 


: 2-9 Jt-i 

j_Jci J) Jjj 4 itiill j. ijSJl Lai 

ji . 15 mis *ja ii>k Ji-*** 
jUBi_to iic g^iLiij2»js:i 

, I^La <Ju3 lit ji L^jC jli 


v ijilu *QL <iljiu»'5l iiLJl <^4>JJI ji j>>Jl i ty* U ji}j*3 
. 29 m/s : Ob-^l 

: 2-7 

|u cuijjli 15.0 m/s ^ylkul 4 ^j> Jjjcu ^ici Jj L—ij \S Ji.* 
Jj (I) . ojJill jl—u 2-9 J-SJJI Jli^j c ^j>i 6^1 jAxiJl dlj LfuiJ oJi- 
j_«jJl U (-*) f iijLJl < h »Ul I 4 ‘iAyj Li (<-») ? SjSil Jj» 3 fljbjl ji 

?.l if Ji J i5 J fli^ji)i 
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( i) 6>>JI 1 jjilaJk JV JLlJ 

U : Jlja> 











( <ulxull iL>uJI olj ) jilSJi jwuJl 


. Ua <uUis< ySJj . j> Ljiu a£j> : Ol>Vl 

V ^1m oL*£ll jl : Jljw 

j> ji jiti J] olxj'i’l j£>\ Ijj - +15.0 m/s ; <ul»VI 

. a = -9.80m/s* jji 

j!—a jj 4_«ij J_ui «A L ? i Jlj-Jl pij uu£ ; Jljw 

rojfll jl> 

jjj ■ (>) l+> tjfrai <li>J OjSDl jS .»~ 2—9 J£i)l ji B <tiuuJl ; sjL>^|I 
j-* J! a j-* ,j-U ^Luili UjSj I* ojj v=o i>jjjy ill jki £a»j 
• Vy = 0 ji Jl ‘ tyl+JI iCj-Jl 'J* B jj£ ic^Jl ji jLUl Ui5u»i jljJsJI jLu 
? v / = 0 CijSs U+ip ojjfy ji ijlt : Jlj* 
A ol.Jl ‘diL x*£ y = 0 jlu>l •*-wUll j*j . y ^1^1 <a^ 9 : 4jl»Vl 

? o^Uil oLaJL _v iiLkllAujj ^1 lljUul ^ L : Jl^ 

iJjUll ^1 >V . J L k i«yk« a * v, k v w j* JS j^jUj jl *iu> • <uL>Vl 
. jc *5ljLf oLil JLs y l y 2 = i/ 2 + 2ay ; (j 2-11) 

lijinil oLm5l)I j£ ^AjyiWyy Jl i^uJb (J 2-11) UjUII i^Jtk3Li«Jty,>Jl 
• : olLul jIjpSL 


u f ,; o _ 0 m 2 /s 2 -(15.0 m/s)* 
2a " 2(-9.8m/s 2 ) 


+ 11.5 m 


jLkJ'i'l jLuil £_♦ liiu oljLi^l ji j_* jocdl J* ijjli jj£ ji ux 

• *1^ jd Jl j-ij 1 

(o)cjj*JI : j^at-lk* JVJUlkI 

*f « 1*5Lull <LUl <lL>vLII juc »ijLc jjjM U ; 

5^Ul jl i <ia oils jaJI jl «iUj ; 4jl>Vl 

3jwL*» 5 j£JI JLul JJ t jutf (y - 0) jiljif^l JJ ojU ji 

^ l-A/l l+A ^ ( i ) iwl+iuVl JjJjJJI j£*i Ja : Jl^«< 

jl* j-iU jjstj (v) *>?JI ji > '■ <jI>?1 

v u - +15.0 m/s, a - -9.8 m/s 2 , j y 0 = 0 

V v^. j y jjj iijljJl U ; JIJ«i 
. ij» V* = yj + 2a.y ; 

? ULil J> jl^ji ol*j : Jl^»i 
. y = 0 j)£ Uoi* v f J] <juJ4 5JII oja Jj>JI jlji : 5 jI>^1 
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(oij is) ^Qji j-«ji 

»j-» «jjJ jJj . vj = vjj » (15.0 m/s) 2 ji y - 0 J*j| 

La^L; j}U LfJ SJjUil ji jii3 jSJj . lL_u UoUi 
. La j^bJl jli* 

v f = -15 m/s j v f = +15 m/s 

■ (v) J*JI Ifll* My » Jiwi JJ <Uj«JI Ji*3 15 m/s wJl 

LliilS B iJaJLUl jjjju jl* Jij J>Jl lift JJ Jj*jU J J >i 'ih)> JUftj 
JlilL liik SJLli ^juuj i 11.5 m ajji <> jyLJi > ^iLui 

. 2-6 


D 


(^)c>ftJl t .jjlal* JVjlLjI 
V j^LumIIj t. k>j> yjl UjUII L : JI y* 
y-v 0 t + ^at v : ol»?l 

V 4lUl sift J-> jIjj ijl >‘i»>7 ; JI}- 
. y - 0 ok t jL>^J 
; HjLJl Mfc | JLiiLUlj JaJI 

0 = (15.0 m/s)/ - 9.8 m/s 2 )f 2 


*= iM = 3,06 s 
4.90 


: La UjLlI ^1> jl oluj JLkj 
/ = 0 


IfSLal okj (f = 0) jjSJI w»li iL>J uk : y = 0 L^» jj£> Jli» jl jl 

. « = 3.0 s) 


: 2-8JH* 

<JkJ j_* 5.0 6 j_\ l+i3li IfiiiJl 2-9 Ji-JL LS ^ici J| llJ^ S^S oili 
V tj A xA l i 11 a j j o5y L+k 5j5JI oSkj- jli'l 

H I ^JatVM JVjLuJ 

a = 9.fi in /h L$-j lUaJl _^x!l !oy .Jl lSj> j* Jl> ck jl ^il JI j« JI}- 
f ULll * 1 a jjjlaJI ij^sJl y L 
ji ) ^Ijuu'lill ^kyil *a ^ilflll ^kyllj ; t = 5.0 S jljJJI jij : 4 jI*VI 

.(^=04^=0 
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riiii 


( 4*]&ll Al>jJ| olj OyJl) ^UJ! J^aaJI 


‘ a V 0 Ly o’iaWl jl , V f 4*1*111 «jjl Jl^wj ^ ^ytll : Jlj- 

v .y it 

>=y 0 f + ia/ 2 (-* 2-11) HJjUii ; U>?l 
: ji J-vj v () Jj O-Jb (_» 2-11) iljLil Jjfcj I AjiiLUJlj Jj»Jl 


v,(=y-Ia<» 


v 0 (5.0 s) = 0 -i(-9.8m/s a )(5.08) 2 



diij jliiJl ^jil Jt dbjJ jt o$b v 0 = + 24 m/s <u«j 

j ^ f*3 £ikw 

oLjjjill j> 2-10 

J>»a3 ol» jL* j ji IjS j*-j jl jjUJl ,> 

*-SpJl j_» la* . olijjill &j*j lfSj> -yjAj y 
:2-10jii JL-I JJ^kk JUjlDjSlloijiiJUii Jtfji^lOJSJlyA** 

Hj* j3jS *Sj*l ijjt* , . 

jllii* jji-iij.aJL, L ^ 1 2 5 j^ Ul • US 9.8 m/s 2 Ujjjj JiJ Jj **Jj iL**, 

< 2 ^ > J ) ijUI !-Sj* ■*!*- J»j ■ 1 tjffl W aUJ jilUMl ^ ^ 

>-*>•) • 15cm l»ji*iLw jllL>V , ^-aujJI *j-Jjl *la»a*l< (1 Bjfll) luilJl LkiJl 


.(^ 


ki-u 2 Dj-SJI jl jJuy lju»j I Lftilj j^Uii iaijJdl ik*yi j*iv aic jjUjSJI 
. aijll Liji JJ>D Lfjj jtfijl 9.8 m/s 2 UjjJj iLygJI jJiu iLij 

. olijjill <5j>J xji LuLu ■Ui>Mii *j* 

b*—’*j *Lu! ouli l£j> Ja**> l*«j[ Ujiill ‘IjfJl Ojtiu Jl»*l ali 

. # Ujji 5JL>ov 


Ijjj, L.. i . j ilij . Jiyu j*Ui <M* jyjl la* j+Ju{ siJIDI J-kJI j 
6-^*i ‘ ‘b*-* 1 OjU* Jl**j ai* I Jjjill ifij* oCu jb Ui.^1 iiLubJl 

: j**Sj* Jj L<_L>j 
. g Ujoi iwli ii>jv l,}Jj Jjaiii _ 1 
. ibtt i*5i< wijjill Jpw oiyi ^ j. 2 


Uii jUuil JjjAll 

*jb V <i U *“. > } ^ *kiiJl ,>1 U»i 4iiklo 5jS I 11 2 JSuiJl 

|>ak«SJ ji JJ <Jb^ll <£jmJI 30* Lr oja 3jill tlj-j II Ojii* culi 

LT^ j* • 0*31 oS^ 5jSU j-d Oil j*Aj t I^LjL ^3 jl 
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(Sutoll SMI Olj <5/I) /Jl JMI 


i/JI *U5i <*>13 J53 9.8 ro/K Jja* JiJ Jj £Jj l pSj> *Uii 5/11 *1/ 

. <5/1 jj f/l lit o^' JlxU . 5/1 / 
J_S JJ*3 (/j I Jl/Sl 0* Ula»| jttoldll 0"*/' 01 

i*k» i5/ l/S L.UU M / SjjSiSl <5/1 V 3 j> / M 
o/Jl o^jLjuI jli l/u> JjI-j M' 0^ IjfeS • jj) ■ v « ^ l*r** 
jlO^SLs 3/1 <5/ i/'il SL^/I jU«iw 

y fl = y^= y = y* # = U f = Vj, (2*12) 

<J/ /b o_»J Lf b yi—J oiu y a/'il Ji 5/1 J/> <// *^/' / 

0JL» / -uliuuJl </" o| j // 4 *jLJI litfjliu j/3 lifjj . <**/ i-jjUJI 

<p/l <f5ji i^liulll </l o' 2-11 i/UI i> i> O' (“5*y ■ */' // 
o' J/l UiSi*> // rl>-' y = 0 bj^Pl ijl* • - 9 ii> >■ / 

. ^juiu i^, jC a^5/j vljji o'/I ol* **Uj. y 0 ^ */■ /■/*' 



y ? = 0 + (-9.8 m/s 2 )f 
y-y 0 = 0 + ±(-9.8 m/s 2 )* 2 

(2-13) 


y =y fl -(4,9 m/a 2 )t 2 

f 

] 

: ylj 

(2-14) 





4/: V^i ..-*. 

|k Mm, ‘ 1 — 

^ 19.6m/s l\ 

* c 29.4 m/s* 

‘ V, 

: 2-11 Jii 

jjjuL-ftlt j#iS> ijaji J >11 

. JjiVI jP UIJ^I j^ilftlyM 

- 1 

39.2 m^s 

. iJ' & ‘-^ Ki ( -Vo j' ) i/^ 1 / Jj^' 1 ^ 


, UllJ /Lsp I /j5/)Ii £-»/ />' 0^ '^*J 

o-* S—1/» ?/» o* v/V i' o' j* 0"*! 

<Lti <5A^iiSi <5/1 o/ M l '/' <-«)'- i ' 'j!j • j^j> 
Ja_>. L»ULlJ /i / U>yL* <5/ <*-4j)l <5/ ( 4 l 4 /' 

/ li/I /#S> i/i Jsl— JM </>> ^ ^ M j-Ij 
. Ml LL>?I / JMJ o^J' 
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(libuii oij isf Ji) j^iJi 


: 2-9JCU 

A <Lull jk JjttJl xj SjSJI ji jjOpI . 2-11 JSLiJl ^1 Jjjil 
»jj5 fU3jl gj A iJaiUl ji Jil 15 m/g UJji* 

V jbj Si Jaw 5j£JI pkiji jd|i, ^Ja_ j* 2.0 m 

i ( jA l rtk J V JLuifl 

? o'ijUj ^ iuj^kiil olJh.JI il’ijj |jl» ; Jljw 

(i^L* A -t-LJi ox ijiyi) C UaijJI j# jlaj ^ juu JijJi ; 4 jL>VI 
V—Ul« M'ii UjSi-l IjJ » jji v Mj ? 2-11 J£JI D f jLJl 1L0 ^ 
|»Lk)jl JaP X <*J U » J| JljJl JyJ C <iijt ok X = 0 jUkU 
. Jjtill Jk ^ oLil :jj> « ? 5 ill 

? Lw^IjIaj U'i’jj« yijSb »ijl^aJl ^^iiu L : Jl^i 

U^akl Ijli , ilk JiJ 2.0 m jw Jp jiji\ Ja* ^ : ol»Vl 

J—^--ojl J_k jSjHL( fJ)jy Ojiil jlj ,4 LJaiull jicy = 0 j X = 0 ji 

. y * 2.0 m 

V y x J^jJI Ly ii}U J>ji J> : Jljw 

. jlaj y' l ’ i nn J ii%Jl ol» ; 4 jL>VI 
V <lUl J> iji k kjjjll ljj> jjJaxI c/5Uaj tSl tujJ jL pJ Ijl ; Jlj«i 
j^^Jl j* j>~\ JUi- j* .V j x ju yi iiji^p Jlk ji JljjL ; Ol>yt 
J (2-12) jUjUlIj ] <Pj—Jl jUk jUUl <5^*11 ^JjUi y jjjl 

lj£Jl « jljjJs jjj » jlaoj jjj UJp , [ (2-14) 

V CmIIjUII J i*x>0wll oUJLJl IN* jl^akli ,>3 ^ U : Jljw 
j^i; Uxk y = -2.0 m Jj y = 0 > S^SJ! Jill; Ji fp}\ »U« : 
j -* 2 HI *il—'H SjiJl JalLwi^ jj «3»JI Ijjk . I^us 

. j^JI 

? jjjJi Iaa jwuJ p i>‘i 11 o'UjUI jl ; JI^j 
xk.y fl = 0 UUI »k .y =.y u -(4.9 m/s 2 )/ 2 ji C^p p^LJl j, ; kUVl 
. y = -2.0 m *Jj jjp k'UI t j*})l jlay] w^iLJ^ i cbJl ILu 
0J_k ^luy jUI I £-Ojll jxji jJk UjU4 Jl j* t < Ui>j! Jij j^ll : JI^-( 

. 15 tn/s LbjJ <Pj~u Liii li <y >k Jki Ljli SjSJl pkjj pJ Ulb ; 

jjj t jljjall j_»3 * = u x t : (2-12) UjUll j* ljj> uua3 ^1 <JjUII 

• ji i Jp X 
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(Jaiill iU*Jl oO iSyJI) yliJI jJl 


i AjsLUJlj 

. t = 0.64 s *mj - (2.0 m) - (4.9 m/s 2 )t 2 ii'Jl j* jUJl i>j uw-1 
. x = (16 m/8) (0.64 s) = 9.6 m y ^ < yj|. 2 

iujljj jJiull jjjill 

,>* j-l^ ji Jyi* f-* <Jl> >* olijiill "6j> j* yil pUil gjill 
*iill ji '&> jjtfjijJ . yjVl jy 0 U Ojlj £uu »l*3l y u 0 l>>j^ 

ji JJ LajjAI <Lju jUl ^uJl J[ S$yJI ‘L3l . <*iii jibs* 12 12 JiiJl y 
Ubiili fltf a<4Ji y> 1 iyfJi y ij#J y jy H ^ y»*i Jl J-" 

A-J*jOt . ( iJjlill Jj_ 4 LAji j*—“ ) J'iLiw'!)' <—J y* L oLm jli 

yJj * LiiiS'l oLjjjili <Jl> y IfjJli* jiLJl ^jUI y-J L^ui ii*Jl tfy 

, JuauilL iis u)i>w U» i^yJi 



: 2-12 JU 

ki 1 * ju*** ‘- i y Li >-* (') 

. iy .&UI itjJS UiS ja (u) 



v fl sin0„ 


M 


cH 1 j» yj • ( v 2-12 JSJ ) V, COH fl # y V 0 it JJ i*Al tfjll 

. U*a1) i-iji i6ji Jyj f J 4iflj tfyJl J& ; jAJI Jlill y U$ t ^yJl 

; y oittl ii" yJl ^uL>0 yJI iJjUil i yj] 
x = ( v 0 cos6„)t 


, yiUa^l ILL jJ X - 0 yi U/* 1 
J iliSi-b 1 2-7 Jliil y jf- J 3 UjJ) i^jil U 

y*-UJl y*ljUl Ltf ySJ p3 . jUi J! jij VMj ^ 

: oylp i*Jy)l iSyJl yUj 
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( Otoll il>Jl olj isj*JI ) J^mUI 


y = (n fl sin^)/ + i(-9,H m/s 2 )/ 2 
v y = v n sin0 fl + (-9.8 m/s 2 )t 

IjuA ^jLw J_»ij . jljAJl UUAMi 4 _Jao Jj_> JjLtli 4jujjUl jLj ji Jo>^ 
jlSJI jijJI J-aJ ijjLu ftojl J] iijjiJl J*ai pjjUl j«j)| j| y JJUlJI 
jijiL) LijjiJl \+> pJaijJ Ji} I jlji* JtAjS jl Liji Jiaj JJUlj . jljJaD 

j£> o* *Luial ‘ j^ijilJS/iH LfxuiU iijijj 

. ^UJl <> U JiljJl Jl 

LiiiUjj , i^ilji* y j x hjy ibUu ^ Li^jJ ^ <it 2-9 Jllil J 
iJolw ii^DI :1s Jl» jlilil* t jijJl «jl> juLLJl jjiljUJl 
ai-» ,>6 t t =x/(y u C0S 6 lt ) (ji X <JjLi jlj <£*) «LujuLil jLu» 

; Ji 5JjL^» J v*S3l 

'■““HsrfS;)* ,2 ' 15) 

5j*-Jl ^ i*u>y <JjLu :1a . ( Kin0/co80= tan 0 <ji *L1> Uu&J vi^j ) 
. 6 = r/2Vq cos 2 0 fl 4 a = tan 6 0 *iu> y = me 2 + bx 


: 2-10JH- 

L»jj3 ( * CiAjiJI » ) LuIjLI iij—u <_Llill jitu IJjjj JjjJ ji jiyj} 
ji ^ • .jift I jji 30.0° L»jji Life i^3lji o^j Ijli, 0.800 km/h 
jUl j_ijJI Li e j}U»j JwLa J*L> Ji Lpi J>J> , pkiji 

, sl^fjl iijlii J*a] ? Jm fUjjl ji Jlj «I^Jl J iLlDl IlaS 

> jlkU J V 'j&J 

! jii\ oljLJi U : Jlj* 
v 0 = 0.800 km/h it = -9.8 m/s 2 0, = 30.0 C ; ol^Vl 
'* ^^juuJi 1 j ,/>»> Kj> )>, i'n 0 IAA. 3 J 1 Ja ; Ji^-i 
. m/s Jj 0.800 km/h u«2hll i-*a>: jljx'il ^ljikl»l Jjj , 'il: AjI>VI 
V oLk«il ji :^iU« iis-lill jjj jLv^I jJjt : Jl_jw 
. fi^liH (La <UjLj pi 1 vTmiL -oLo- jSuj . pju ; 4 jL>VI 
‘‘ loliJl jLa 5 JjLu J :j v>«ll olulIL « ^Ji\j pkl^J»s^LJl ojL U ; JI 3-1 

\ ja j'ila Lujill oi pJaiji jjJl ^ay}} X ivi jLoJ *A ojkll jl Lllu : <Ll>V! 

. ,y = 0 LjIp ji 
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(‘Ufcuiil 4J**JI olj a5j> 1I ) jilill JrfiJI 

: J-t>J iLdJi jLi <JjU« y y = 0 ^ , 2uUaLL«Jlj J*)l 

0 e(tmm - L,W iT o) ] xl 

JJ* y>) X ^ 0 Ui>i (y - o ^ l*J * jl ^) ji> ^ 

: ^ J^JI jl A>j- x Ji iLL3l JJjIaII 3—Lj <i^ji)l <J.v 

I= (tansmcos^lIrtOOW-li = GB ,600 m = 56.6 km 
4.90 m/s 2 

t L^jiJ 34 mi ijjLj Ia*j 
? jljJsJI j *j you jiw iblw (> : Jl)- 
y * (x -r56.6 km Ld* t J] v-iJO *)M\ LJ: ifl>Vl 

. (y - 0 Uii« t Jj <u_Jt 3 JjU 1I JXi) t aJ'iIjj y liol** 

: i <Nj »y *JjIaj . Wn ^iij J^ii 

0 * u # (sin 30.0°)f - ^gt 2 

. d) jSj t = 0 jit J-a>j 

t 2i; Q (sin30.0 <> ) _ (1600 m/aXO .GOO) 
g 9,80 m/s 2 

= 81.5 s = 1.36 min 

^1 i 56.6 x 10 J m = v t (cos 30.0") / jl t ill* x UjLu ^ 
^ jib^l on j>Ilj . t ^ (56.6 x 103 m )/(800 m/s) (0.866) = 81 7» 
^L*>JI o^yull Lk> 

<' ^U3jl J>*i ^jJUj^iJl l* : Jl)- 
4jx»JJl »i-» Jij ‘ O y = 0 If*} j_)£ jjJ' &*1JI J 0^ j*'**' : ‘M*? 1 

<JL jy£> SjJtU* Ujjuj o y j^i; o^lf» 

? SjiL o y j.y on by «>U j *>y > • Jl)- 

: y »Lfw'!li J* dtft (j 2-11) UjUII t : S-l>VI 

• <*',>r (u > > o~ 2 ® f 

: j, (y = ID ^Ujjl ^ ^ J^-*^ 1 j Ui , i-iilljij J*J> 

0 = (800 m/s) 2 (sin 2 30.0°) - 2(9.80 m/s 2 )tf 
= 8160 m = 8.16 km 
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( 'Ukull Al>uJI olj 



: 2-13 

iA —* J* f iiUJU ^ f jk^ jjl 

J»}{\ —J ■uukd! Ji liu J> *fJ 

' J 4- ' J AJ 1 J jA- fl *>A* 

D 


: 2-11JU* 

I»+_JI jl5 i/I Jl J) v jy 37.0° iylj* 30.0 min Ujjj 'a^ jllji 
oh* >* US Jails- y-» 15.0 m ±JU jijH\ Ja— jji 2.00 in ^USjl Ji 
(u) f JWL ^Jl f jL*i ^jS'l rL, jy fliJjl ji Ji (1) .2-13 JSJL 
J! 4 “*ok j^H (i JailaJL ■UljJaJ Ji Ij^La JljL, ^_JI jjSJ, j* 

, dl&a'lll >1 ? J*J 

t J V JlLuI 

? <ijJl cUjU iuiJUll oWLJl ( i ) JljJI a*y U ; Jljw 
V (JaiUJl jd>*>) x = 15.0 m UjJrf v ui U» JL* -u|; Ul»Vl 
f ' lijjiiil jL u UjLm JjJuj J* : Jljw 
OfS, aJL>J Lu-jjg ouilil J (Jjjill jLj iljbu jl i> fijJlfj ^ : Ul>yi 

^ iiljJl y ) * o* ji jjj j&jLu* fjLdlj jSJ»)’l Lj lla3u ji Ut»jt L^j 
f-* UjUll jjx = 15.0 m £_ij jiuj IjSJj 4 (2 15) Jjiill jL* 

. Jjjill jU Ji iUJl dli] jlildl Ji 

? vjjjJll jU <Jjbu J <,All olpfll Li: J\ l y 
jjjil JJjj 0 0 = 37.0“ ; g = 9.80 m/s 2 k i> 0 * 30.0 m/s i y u = 0 : ol»Vl 
. jiUj'Vl 4 uj JJ 4juJL ^Uj ^ti^l j[ 

• y 0 jl j in jl: Jlj-» 

At- Jy-u jLU «-«—.Hll ji illaJi oi* J) ^Lcl jVji’il ijj>: ULaVl 
j-j ^ f3^ ji dA djl^i>l jl5 L+-j. y 9 ill J*. j^i Ad fLijl y ^ 

. l*J5 yUl 

V ^jJmHi a1x>J jA ILlft ji IjxU ^Ji jL5 ijj ii |Al Jl£ ; Jljw 
lj]j ; IjpLi> jjX cJli Ok>_ji olLS I3li \ <L>di dt jA BjLil : ^jL>VI 

. U»b» p^-Jl jlS 1 LJL oil* 

* WibauJ J&i Ji\ iJjUll Li . v t Je iijlaJ 1 Jjjill jU <IjUi : Jlj-» 
u y *% -& : jSuJjy j>>Ji itoJ Ji iS^i o'Jljbu 6^!: oUVI 
^ yA> j£* ^IjJ»-«»Vi j*j jUj| jiii Ijjj 
• ff- 11 cjiUl j*;Jl o&*j O jiw Jill ijjl j : Jl}-/ 

jpL# jij iiiUlj v t ^jLwJI UiaJ j Jux = 15.0 m ji a J>dJl : ol>Vl 

. x - VqJ : ibis'll <Sj>Jl LJ.'Lm ji i u ii jl 
i iiAflUdlj JaJl 
jj» i- = 15.0 m U& y iu^. 1 
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(ttuii oij a j*ji ) ^isn 


y = (tan 37.0W.0m) 


9.8m/s 2 _ 

2(30.0 m/s) 2 cos 2 37.0 


- 11,3 m - 1.9 m = 9.4 m 


: f LiL>Ji £* »-2 

i- x 15.0 m _ 

“ i; 0 coa37.0° (30.0 iti/h)(0.800) 

; ^ lift Ju# if-iij)l -3 

sin 37.0° 

= (30.0 m/sXO.600) - (9.80 m/s 2 )(0.625 b) = +11.9 m/s 2 


iijj-Ui jU u jj ui J, 3 U >*j f^ 1 ^ 

. 0^_iLi 

L**y**j i^UJL p*JI UwJ oU»l> jlA oO* 

, 2-11 Jttll 

. yjSl jji 26.4 C Ujji tyj* v - 26.8 m/s : 
jlB ; l jIp ff-)l V fji-i ttWl ■**! O' **i 3' J* '■ *>» 

v t.j. f n il> ; j ^SJj i ( 9.3 m ) (pUs^ll 

73.2 m : ol»7l 



to 


: 2-14 JS*i 

ja_4 *l_* 3 > ^ viw W »u «j-( 1) 

. ijAfityuiiiia jiA^jyi! 

^ (__*). i pl+. Ujaji iua yi iW j* 

£--*i , ijiL-u jfi jf 

.1*3 yi Mjii> ^Jfc#-av» APj-s > *» <*>- 
. Cw*ijAB 


i>l)Vl A*;l \w * 

i ! 

'i 

(0 

Vj, ."u.v*JU «UJl 

A y-uJf jLuaII .Lai 1 

\r- 


M 


















V. fl 



: 2-15 JU 

A j-. 

iA bjiM J k\ i . iji& 


(Uwll < 4*11 oij <5 ^>ji) ^liii j^iJi 

; fcjjj y oUj«JI w> 2-11 

i^U, <JU jt lju. 1 ^ j*, Vj l5 <Jl> oLpali £*> ^ ^sii Jiiyi ^ 
»L* 4iA i-^lj t i 2-14 J£jg ojUlli, ^ j ^ 

VjLiig y*io j|J lili. ^Ul J5# , .Itfl jLsJi ^ ; 5^4 jRiji 

j^l jiUI jlrfSlI o»L ji_<iW 5>lL. <1 <11211 <J**JI j| ^]| j*, J 
O' JSU#j • (v 2 14 Jti) jLsJl i(*tf i^JL !*« iyl^ Vj U]l 
JJ <4^ y-> jl^jJJI »Lii i^LUl 5 L*jI jLii.1 jis ; ^| ^ ^.jj 

. *4*111 ^ &>, <Sj*Jl * gill U» uwj a&Jc Ji\ JyM 

JJ A U ^ <> p2i«* k> y ^ J j^u, yi> Jn^ ji'u 

u-illv ^1 Uj^ JjVl : oU^ Ik «jJ| c,i3 ^ ^ 

ijiLDl v p l**»y «l*Jl ^ Sjilkll 5^ y ^HJIj . v u , ^jSl JJ 

v 4 . y^l JJ u-jg yUdl l^iij t U5L ft IjJ »t*rtl Ik 

j* V 2-15 Jlill <> ^iljj , SjJUaJI i>ljj jLkj'l y 

V v »“ v , (i 2-16) 

<*** lj*j * ^J» tfUl Vjfill > III ol^dll **>J UtjiJl ak fti 
*L1I Jj L-^b 0,12)1 kj- JJUj v 6 yl <)1>JI ak J Jujly . o 2-14 JiiJL 
: ►III jL k^. y V u 0 ^ 

V v * + v > (y 2-16) 

(J 5 ^! ^ <£p»Jl (> ^Dl lift Jjliu 

6-*3 • c^jj! JJ <*—i)b O^l y*ij J) (jlj^J SjilDl jl ojlill b.|jl» v # ie^Jl. 1 
ji vjliJi jo*, ji oo*,i ^jji «4rtli 4y**j VjS »4;i J^oli ^ 

^ r-J »u^l 11* ivj . <]» JJ v-JL ijllLli 

• l*jj 0 ^* 0 (2-16) ^uJjLmU olfjall 

v i 4 L*3 | u£t ^ . ijMUl jl VjliJi A&y »U3l J ^V p ji v & lt^Jl.2 
*)l jk-A* yi iLlj y*;SI JJ <A-Jl^ jL>J| ji 

. ii^L »ui jf *i^ji ()£ Uak o^uji y ojUJi Uj* p J^yi ilh ausi 


: 2-2 <7»y4>3JtU 

wLi o^kllj eLfO'il 6,00 mi/s jjLu I 2-16 JiAll y ftii 
LlyUll Ukill Jl Jou) y,ubLJI J^>i ^-k A LkuJl yj iIjLI ; 4Jl ^ ojlill 
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(4Jxuil mIxuJi olj iSyJ') jill'l J«mJI 


\S 


«-LLI jJ 16 mi/h ojj 3 jlS lili. B j>$\ ^lill Jt iji'a* 

V <Jf>y >-LXl jljSll L»Ij J^Li l jjSLJt 

1 J V JLLUiI 

\ f Ipj_JI sl*3l j iiill p B JJ A ,> iUjJi jL* : iaituJI 
v t (ji US i liLfJlj IjUiu u»Uj j£)j . v h . j v u , uiiijJJ 

oUj_Jl ^Lu jJs Jw^>JI 1*1*31 IjIjuu i#y«4 

; <*fll oljkiJl 



D 


! 2-16 

JdU ? B j —S) A t> j* ifffc 
. v b * 15.0 mi/h yjill iftj- 
9 Ui '—*y <*/ ij d*P ite M 

v 6 nin0 = v ji l—-«ji i—»H • 4^ 

. V t COR 0 » J (o) 

. V, sl»J li»j . AB »!>JI ^ luil^t U»^ pjjl. 1 
. 10.0 cm = 10.0 mi/h jSyJj t <PjJi jliU JAsJ p-> ^>'-2 

y-Liu ^laS>irfLj i Urfjf ou3 jjJilsiJI <^Ij^ > v u , oJll f-,1 
dykj jLsJl jI*JI ^ AR jJi ky* LLil«« U»> OjOH la* jjk-. ^Sll 

. 6.00 cm 

. 15.0 mi/h ^1 t v h jIjju JJU^ b»jJsi JLaI iy\i v u , oall <> ^jl-3 



jJjicj , 15.0cm ijllJl oi» Ju*i jjUiJl y-lfi* 
v b ^ »» J.sl> j*SLy k AB LiJI £» 0j5UI sj* *bli* <lwb v fr 4^iil 
( v A dL>JI (j* ) *w>* 0^< f- 1 ^ i>) j* \ 


v.jiA, 
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(<*feuU ^*J| dj is j^s Jt) j^i 

o\ ^ AB »l*jl <L**JI UjJi ^ ; JuLUJI 

lj * U ' 4 '^ 1 f 3 ^ 4jl-L, J v «. j^ 1 **/J VjL- jUJ ojljil v h ISj 4 ijSi 
■ OiP v. j v„ cw <yljJI 
u A sin 0= v w 

: fij4j 

e=sin-> v = sin-1 MP. sin -i 0 400 

"4 'M 


: jIjL jL»oJ ^ lii», 

w ,= coa # = <15.0 mi/h) cos 23.6° = 13.7 mi/h 



<0 0 


vJt * JI J! j-i J* VjliW r jSJl i> 3 J| lii 4 1.8 mi J^JJI jijt ft |J| ^ 
. 32.8 s : Ll*Vl v 


: 2-12 Jli* 

cm ^ yl JnW * uSUI *l*_Ji y 220miAi Jj^> *i J Jlfc ^ 
^ C 1 ^' ^ bti • V*U* JLifl J! 325 mi *u ^ jj JjjL 
Uj 4*1] ijSlkll 4 *>y ^iyi y Ui . 25 mi/h I*1 p^ S^sU j^Jl ol^j 

- OjAU jjJi ^Ji 


1 (jrdtai* JV jjuJ 



M 

: 2-17 Jii 
2-12 Jail ^ ijUA A+i. (i) 

• v # it^Jl tip Oii: J* AJB tlaJ 

j-is A_L. j . 4£^ (y) 

v i ji> J—’! 1L kj_Jj Jp 


• ,yW p-y ^ : Jl)- 
U J-*>L oflj 4 j#Ul Jllil J U Ljii iULu iLjL : ol>yi 
. JiyU iLy 2-17 jSuill Ji*, . iyijJi dJL J 4 

• <*y S)0 ji#: Jl> 

ojji lj[j , ijJLWI bLi ycKj jjJl JL2 Ojij III J4^13)1 : 5 jL>yi 
v 0^ JLJI fiUj'il Mj3 cySi ^ k LLydJ Stl^ 3^ ^ Jj ^ ^1 

, 90"' j* 0 y ; 4,»o 

V il»pl <>j j4*i uL5 ; J|^ 

J* f ojUUI i>jjl 0 ^! ^ . » f »l^l j 350 mi oU jl^ : Ll>VI 

. t = 350 mi/i^ 

• ^ .M jS^ » iyljll fJS oLp.iii 4iJk fJ OJ; Jl^ 

olj ^ y* ( 1>* ,/WI jjsul ) jyli : ol^Jfl 

fXki X>i| vji oils Ijlj . aUjjj ^ 6 \ Ji^i iJti - 3jii s 

bij ^»i Oj* U l yjL«> jiLij iLccL ■*■!*■! 1 














(iuisiiii *i*ji oij ) jiUW >yi 


9 *±JJu WaII y» U : 

•Ij&LJ JUjuji v p Jjlii jiJl igjljllj j V ((1 l >uiLaJl ^Lu j>J : 4jLftVl 

v f ® p v tt : • o£j* VJrtJ' oft 

OjiUi j^jJstw v^ Orfi jL^jf L^U . 180 u jjL-y bJi» ji Ll^j £*-*** O' 

vj>l y vjtfJ' 

J .«>»> wjjl»JI 0>^ 0* 0^! 13f) n lijLJ \ p <ejljJI > AbjLi*lij J*)' 

■■* 

V w v p 
sina _ sinl35° 

sin a = l-j§-\ sin 135° = 0.80 a = 4.61° 

' 220 / 


: 0 jb <*Uj 

ji = 180.0° - 135.0’ -4.6" = 40.4° 

: biO y VjrtJ* OyG 


sin 40.4° sin 135° 

L*_J*L <i>j o>LJ jjjl j>jJI 0[j «jS»j • t» g = 0.917 v p = 202 mi/h ^Lu ia» 

jib 350 mi 

t = = 1.73h = 1 h, 44min 

202 mi/h 

: jju ji'UI il^fJl ^ y>jll ji *>1 

no?°”?u « 1 . 59 h = lh, 35 min 
220 mi/h’ 


^Jbuil <JljUSl 


: 'J* Ijjli o^*» O' j*ik & 

, ( -ft) . ixiiUJl iUt ( j ) . iLuJl (_>) i icj-Jl (l-,) . tfpJl Jjai ( I ) J^u.l 

. jLil ^ <iu) jl ait 4akxlJl itj-Jl (s-i) t B JjA 0* £&j> (I ) ^1*9 u-bj.2 

, jjjll iJljS |V*j!l Jiw iij>U liilu U-j > * i jh tl lj[ <k>J jl ait p*> <tj«> .3 

, y^l! ^ UlaS ftitjJ Lib L-j liaLtl Ijj <JiaJ ait iUt ^L» .4 

. O^jUll JO* jjuki ij/i ; ifji ju^l j>jh j jii iVj l O ^u xll olljlx* oU£■ 5 

. j>JI J»*i-Jl Ljj Lu iihVill <LkaJI olj i5^>jU iiUill *b-Jt JiLJl J>-fi 

i Jy^t j^3 0i*< £&j' 0-ft 0^*" bjjl* ( 1 ) ' O- 4 j'j*W by#ill oLJl jL*j] - 7 
^1 <o'j< u*j^l jj* J 1 ^ M 
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( Uiiull iUuJl oO &j*JI) ^LUl j*i)| 

• *^ 4W i>l 3^ ( ofi ^ rkj j! ->>»j j d^u »jllt j\ yjis <x*y o^lj j’^j . 8 


1 jA>b 


<LyLjdJI culyilj aiiiJl oljj-jJI 
8 ~ m ^ s ' < • r^-> j* yjiHf fL»>}U i>*ii_J| Ji*£ ; (g ) S^jL>JI iL*# 

: 4jmLI jjLwj 
■ ( v ) J jjw by* 

X n , 

r (2 ‘ l) 

: (r) 4-L/^iil <uj-Jl 


_ te^Uil oLdl 

ii j*J I Jjx» Jaw yj — V ~ - -- : 


- 'oW 

dyjiil iijJ\ = V 


jUI yj\ t 


( 2 - 2 ) 


: ‘UlixUl <U jJ\ 

4 *k JJI itj i*.U WjJI jLJl 0* <*i SktjJll <^jjl lyJMi. y,U5 i^jjl Ojill ijfi U* 

. iUUldb j 


iJi^Ui UjJi = v - lim ^ 
^ m .o At 


(2-3) 


: 

. dwJJI dt y jjJl Jjjw y> «A>JJI <£jJ! jljij ; jloill. 1 
. oU>ji yt «jJI jUji ; jlkgVI. 2 
. iiuui db *P <PjJl jjU ii«J J Jie / J,|L x ^ J* ; ( J*lj Jay )^!^|_3 

(a) idwyli <iL>uJi 

: ii* d.ji> y J* iijJi j^i ^ LUodi 


'Ls\> 

, !tfv«JI yA 3 cl»j! y> <1m!I »L»JI _ 1 

!> ^ j 15 •jj V& u>j ‘ 4^1 ji jlJiil J» Ji& u! iM lyli *■& ie^Jl ji du> . 2 

lf*L>ul 4J^jw jljii 

oi£-<J«JJi <Ua)i Ji*i <Jx>J Aif |>))I Jjti* ic^JI Joj >£■)!. 3 

. itaJJl Jj 













( ‘bliull 4>*JI olj ijjJI) yljjl j-jill 



l>lj Jju ji 4*1*1*11 LUuJI olj iij>JI oVjIm 

X- vf 

d 2-11) 

V =^(v^+v 0 ) 

(v 2-11) 

v,- = v„ + a* 

(->2-11) 

u'f = U* + 2<ix 

(•> 2-11) 

*=V+|at* 

(-* 2-11) 


: 05i> 

, tit a -g = 9.8 m/s* o,f> cuiiJi <L><aJI olj ^il>jl **i>* j>JI l>^LJi. 1 

. UjLj dL>ji jnij <L^aJIj > ItLLw Jl»j itj-t U j^LaII objO'llI ji <Lx»Ji. 2 

: olijjil' oHjIm 
: Ciii jlUlLI Jjjill 

(<i*c ±*y 'ilj) v x -v 0 -v f : x LSJll 

x = v x t 

(\ = 0) i > y -gt : y 

=0) y-> 0 = ^ 2 



v (l Ujji 6 Lj*V jlLJi iJ^jill 


v t = c ft cos 9 n = constant 

x Li jl 

W*o> 

x = (no sin I9 0 ) t 



Vy = Op sin 0 e -gt. 

: y W 

ty, = 0) 

y = (v 0 ain f9 0 )/ - 

: (Jjiiil jL« <Ujlu 

(tan0 e k- | 

* lx* 

2UyCos 2 0 J 

(2-15) 


( DjU y a 0 li* jl ) ytf mSO Jjjxil plLwjJ lit* X LJ y» Jjjill JO . 1 
. ( Jill) p'jlL-u'j’I lit x Cuil ijitiil t iuj 4jI jl . ^liLo'il icLm^ j^U^I <ik>J jii jlll jj_yli «* jijxLJI . 2 
. v y - Oii pliijl ^-oji JJ Jjjiil J-ou J] ^Jjll aUkJ^I it w Li' j* jj jlkj Jjilu HI* ^ _ 3 

j J **> 

jaji\ J| L~Jl? V,„ 1+iPj- ji jl* JWVJ ^ ( v p j! ) V fc UjJi ijlrfS Jj>ill SjilWl ji Ojlill 







( iufcull ibJI Olj is J>]\) ^iOJl j^iJI 


: viu> . v 

* 


: 

v, »LjOI jj£ ^jS'l JJ SjilbJI ji Vj tiJI 4>ljj. 1 
• V 4 ' V P ■’Uvl j^" v r al*ulj ( V ; ji ) v h jljiij V (|1 itj-Jl cuk Ijl. 2 


‘UIjI 

. Iji-s o«»J jSJj \Jlb L^J jj£i iJlaJ ^1* y^l_ 1 

. il)j q£\ ? <ll*f #l>Jl j£ LiJlia ifij*. bL>JI jl jiu J* _ 2 

aJL> J Jj . olljiJill jbU jy*j |ijL«o: SjL- HL> jijli J DUS ii>*Jij lUjJJ liuii.x 1 ; iL, . 3 

, jJjLJJl 5jual» <jl> \t jJjLLJl Jj£J pj’i-.ill |»jLaiJl 
**r- jyto j> ^ 3-^N ^IjUII 0* oi ft <j) U jSil. 4 

j'ji< jfii ji (v) • lj] J** ^ p-** 

j>—> jj-£ jl j-Suj (_>) , ijjjij 4JUw, CwlS IjJ J> <iC 

C*j~u f-A> LiJsj ji jSLw ( J ) . lyLtf ou-J oLkc culS |jj I^Lo 

<juti iLhX juli Ca>j jAj 

j-* US c«Jl5j Lf^ji> i>i ji L Ju jj vJjl J>j. 5 
. JiUI^Itj liUJl to* ulj . 2-1 i JikJI j ijj 
jLaj J jjwji jljjjJli ijjtf 100 m oL« 'jjilill i-ijilli SJH c«kj . 6 
L_jii jjJ i k*jill ^jiJl jj d*Ij* LllUl iik cvIS lil*. 50 m JJ» jUii «-»j jjiljJl 

. “lL-vuI L+£j> 

^ 4^1 W ^Llxlll p-,1 . oil* JI jU fi h tjjj J| J-Bji il^Jl J ^i Jj l^ij Jjj. 7 
i JbIL a . t Jilii 0 k t Jjliu y : *lj*Jl y y*>}\ j ji 

5jLi| JJjj Jj v JJ LijiLi ^>J! |j jjSj Uji: LJL U ^ 31>vP ji JjiJI jji oaJ . 8 
f liLLi* jj5u Ujui i*>ji ^*>JI jjSS ji j£ii Ja f iU*ji 

jiii I fttJ/Sl ju O-JJ hup i*jJl JsJ . jjj’il jJju, Jj> 4iiji Jlj> ^1 rk* JLt iujlxJI 4i>vP . 9 
. i^jSl 4a- jLi cwlj >U1I pliij'llli Jtill jit cjij ^i JI IjiiL Cm 3 OjS <JJ Jm ji 
, fjU» IJUUI ■Lyj-i)l oLiijll jjU jijjl ji ^Jiil * g ua Jx Jj-9>JJ JJUJ J*ajl 2-8 JiJl Ji>j Ju^- 10 

ijJlj jSjt ^ JiJL jyL ^ kOLJ ^ ii^LlI sioij . ^Ijlfi jL^)’ liLLu cjI jlkll ^ jJuu >lii. 11 

ili-J j Su J-* v «ll)i j i^jAjll Li j,yu tfy jljiiij jUJM Ji jljikJI *l«i jijil £la~> Ji <Jj-ji 

V jj^Ui OjilJI 'JjM Jji ijJUJlj Jijll Lr oS 



a-ifjti 
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(aJLkaJI olj jjJl) jjdJl JjuJI 


JjLu 


2-5 J[ 2-2 j* pLWI 

L* . C_j> Mo* 1200 L jjit m,aj Jl Jw jL. (> oLJl ^biJ Ujj { >ufiL- »j5Lt 1 

V m/s oh>jlLj* mi/h olo>yL ^IjilLJI <*y jljju k«yu 
,«JaJ.'i ^£J oLimaIi ijA Jil p^UI ,>jJl L 2.99 x 10 K m/s Jjxy oIa}^! jLL olw-y- Jy*-i _ 2 

9 5.0 mm UjJ oLa 

iilili JLc iiiiU! 4jbUL pAkaJ* A>i jj ylJ (ju 1 oli_j^SJ)ll klmy - 3 

^_SJ ^1 Ui * 1.25 x 10 H m/s Ujji Is.^ oli^^l oil* Ijji. mja&J ^ Wljll 

? 16.7 cm mj jLc oiiyi iiiLiJL ^aL^u 

JAaJI Amu; jyi jIj jjtf ' 0+4 oilbl lil) . 340 m/s UjIjJU j-SL-J* ‘•l^-fl j* o*-»JI ilj>y. 4 

? Jile yjbJI am Li i 3.5 S aa^ ji.^1 yllxll j* 

•L*tf I 3.6 cm fj y yyjll ol*3lll j 9.6 cm iiU lilAll ,J& ibii Jj»£ jaajJI yUli a>I J . 5 

? tf^JI Jam jljju Uj V ,>>11 li» JM> Sk-vll «jJl L . 3.9 s »jji JS j*j j JJi x jy>Ji y)Ul 

1.5 mi «J iLi 2.2 mi JtijLj—> SjUS JjIc m*i» ^11*# Jjm Jj Jw>j*J - C 

x(cml • 1 

. 21 min ii>jll aj_* j/l-lj i jjJl yy> 45 D Ujjj \q\jt 3.7 mi p Ul» 

S' ihSj> JjJU UJ U) '.' Jayjill jJlfiy MJ U ( I ) 
JJjJJ Jawjiil <£j-Jl A>ji . ^j jj ~ ■» li> ji <L»a <Sj> 2 - 2 f JSwill Ja*a - 7 

t E JJ C 6-* (->) < E J! D j-» (v) 1 £ J! A >* ( I) *liil 

^ Jl c i>( -») 

A^-jl . X j^JI <UlitL«l ^ Julm dL ^ »yiL> 2-2 ^ JiiJl Jam - 8 
i E Jl D ja (y) i D Jl B <>j (1) »Uii lylxU ik»jili itfjJi 
. fl J! A X j ) 17) Jj A (> (-^.) 

Oi-Ai y^U: yl UfiUj ; 3,4 m/s OjAJ Jama IkUA 4.2 m/s sLJi Jama Jj^JI mJsa-'A ^jU - 9 ■ 

jJUaju ^_*j jLj k 4 hxlll ^ .ulyjl ^Lib J[ "X-aj jl ly|AJ ylL Ijlj . <1*31 jJA j« »IjaaI 200 m Uj j 

t lSj^ J^ 

jl 9 aJI—JI uajj J^UI JiiyU UaJa J»> Jli*- 10 ■ 

j_P AMJ ibZj j* jSJj k JjU iliaJ]! yjL) j jllsji 
, ( aJUIS' 200 in <iUl ^laiti l 5 jI* jl ii>1l). s «La* JjU 
? Im Jl j%A»A jAiuLuul Ja^U ^jJI S \l£ li 

jJ^jJll JJyj « Oj-iJi sLn’I jJ ^ J» *15* tfW- 11 ■ 
lylPj-i jy-y . LyJju jj ‘Ij-aaI 1+^1}! 2-3 ^ JillU 
A .h%.M I Ij’ttj ,.j 1 ^ . J lj i 'mi l 4jUA*JI ftJUll J}L» aU .. yll 

. A * B k C LUI Ai» 



: 2-2 f J£i» 
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( UUII iU-JI Olj 45^1 ) ^iUJI J*iJ| 

4k*yll iUjJI (i) . 11 aui j l|Jj jLJI Still U a>ji. 12 ■ 

1 1 a 13.5 min j_1p iAxlIl lUyJl (y) ; /* 14inlu JJ / = 7 min SjSiJ! 

. / * 23 min jut SjkJll Ltyl! (_>) 

Uj-Jl jL>j!. * j^»JI jJs p-*» *5^. Ji*j 2-4 f J5JI. 13 
. A oipj D ol» ■uk>JJl icj-JI Laji jL>y . C JJ A i> ijiJI J}1> 

C B oi* 4jL>Jl isj-Jlj /) JJ C ,> <SjxJI »lwl <Lu,^II i>ji. 1<| 

. 2-4 ^ JSbJI LuLu <dUl <5^xJ JJjj 
jli'j t 135 m It+Mj oLil j^iUi j> j>')ll sLy Lxixi ^US 15 
j-. jjw L* . 5.25 m/s j>^ll 4Py jUUj 6.75 m/s U*j>i <py jljiu 

•jt 1.56km UjJ oLy> i*jiu iixbJI oils V» ikxJ j *. 18.fim/s UjJ j_yj| »L>j fL>b j*-u _ 16 
JjIaJu jl jijL Ll>LUL, ijU-Jl j_xJ5 j_SJ jij^LII ,»Jl L, . 25.5 m/s UjJ ity, j^l ^ 

V jtuli ^u£ _Jl 

2-8 JJ 2-6 fL$Vl 

ik-yll <I>*JI V U 5.77 s Sjji j4j J^U 7.75 m/s JJ 2.18 m/s ,> pil** jjjJi iS^xi* 5jl** fjLjj. 17 

V SjL-iiJ 

o^UJj Sk-jlll iUoJi A>ji 52.5 s J5U. 325 km/h Jl 460 km/h ,> jtizi . .. it> spit ^_ 18 

. m/s 2 ohxju 

<J»-/uII il*j»ll o*ji , 10,8 s ja> u5^« j> JxIjiJl ^lc jiUl Jwb , 23.7 m/s Ujji leyj IS^xii jjL-. 19 

. UUi j$~*i yl Jjj iujluil oLilj ojLJ 

cifJ <a>w^li' a_LkaJI 'Lui L* . 5.0 s 200 mi/h JJ jpLJI />* Jxuu ^,1 ^J x w oi j^Li* jij _ 20 
*! 0 *$\ li* J^> 8jl^-JI L^AUAj jill ii'—Jl ^4 U v m/s 2 oljtX^Jl; Sjl^JI 
IV ik-yill iUnJ 1 V U jV 1 <> ^ 4 ' 87 8 »jJ» o»j j oi^Ull Jxi Jit. 21 

V JAl |Vj OjU-Jl jluij Uj f JjLol! 

iixj' J<j 4.33 cm <iLu 5 ytJb 220 m/s Ujji iU_^ <S Jx» ja L»j lilk ojjL-»i . 22 ■ 

. p^JI >_yij . bjLjJJ 

L*jii 4 jL^« J^L» 1.25 x 10* m/s JJ j*5LJl f^bl! 3 <)LJl UjSj J^LJIS olijjiSJVl _ 23 ■ 

? olijjtfWJ <k-»m ilxjl V Uj If dljj ^11 u . 1.12 cm 
L ? SjL-J 1 ,1 m jJ 1 y» l* (1) . 2.27 m/s 2 J-uy 22.5 m/s Ujji lIS^xii iUckb ^Ln . 24 ■ 

V J^IJUI JU iuLall JJV l^Ull dJJ J“i> Is J»ill liLil U (_>) V Jijill «0ui ^1 i»LII 
. 80 m/s Ojji iS'jx Jja*j V o>y>-* 2.54 cm V- V> i*U 190 m/s Jjjw iS^* ciji>l. 25 ■ 

. yuliJl J»lj Ujijj i ‘Uli jUl j4_yij 4 mL»JJ 4o-vyll <lxi0l i>J 



- 72- 







( Aibiiil <4uJI Ol j y*ll ) ^ilSJI Jjiii! 


<iy> Jja4j jjJ-L JlL>JI JJ jSjoij UL>y ^jktui 31.5 s »yjJ iSj> Jjmj blkll 3y_S Jjau. 26 ■ 
pjLulII »lti o6i\ J* ijJjll <kayl i>ji . 0.15s jjAi-y itW! \a ^LuJI jl . 28.5 m/s oj J 
yt 1.35 km ahjj jyL J?lij Jl jii-Ji yj plliliL SyLDl ^Luj. 3j»lill aJ L> 580 m J«L LIU y>j oyMi _ 27 ■ 

i <i_Jj iJi'Jl Jy—oj j-*j jyJaJ! J>Ui Jj 4_jy«Jl Jy-oyl yiOl y* L# (I). 0.86 min J)l> oljJl aLl 

jyfcJl jiJslii JJ SyC^I h y*Jl Juu liJui yjsijl 4>v- L* (y) v <LL Ifilx*.) iiiao iJaliJl yi yiyL 

5o>yll OjaII yl SykiL jyi** jiL k>H <5 jaJI ^ jUsDI Ijy Ujitj . jJ? ^kU; y£L ylki) JySl 4iy»ll yLt. 2fi ■ 

Li . Ajyt OLfraJI yi yiytyy L aJ'Iju ylkill fJjJif JC*yi . L l^Jyl? i^ylaJ liLu ^UJ 18.8 S jUsill yi 

v A$y»JlJ jILaJI AjIaj aL>J yi IjLukpl Llijj Sykliil SjL_Jl JiL ylkill yi Aay# 50 Jjl jffj jil ^j^JI yiyjl _1* 

920 m .JJj IjLLi yjju tL—JJ pj^Ui ja Jl L . Lajx> .ii— k>J yly* y t 27 m/s Jjaw jyLa y^-J. 29 ■ 

\ 1+iUil jSa j (y) V iyUJl »Ljl yJJ (i) l£y*ii ylLill Ijj 18.3 m/« 4^y-,y 
OyjJ Cult JxJUJ JyAli yOJyjl yi£ <k»JJl yJU Jj . 2.44 m/S LyJ il»OU ytSLJl yi 6yUj oijj . 30 ■ 
Ly-a jL ? yaJ^Lj j>t ,jSJ SyLali piUl <>y)l L . jjykll ^y»l Oyjyi 5yU ,jj iyLJl Lit 19.6 m/s 
f 4k>JJl Lit JL> Oylfjl ^jlll OLJLI lij ? <ii>JUl jj* ji iyl^jl Jy>Ly 
>~)»l./ll L^ift . 4j . 4yll jyl>JI ydij Jy>'jl i Lxj Lilx>j 30.5 IIl/s JjjUJ i » ij I» JL Jy>jJ jtyU-l . 31 ■■ 
Ijjk jljJU jyL> yi O-ap IjLi . Jju*ll y-Jjj y^Ljuil ^_i l<Jai y>^l yiilLJl yi j!) jiy 250 ftl li^JLU OLJl 

* jlilL UftyLa fjlflj ylilUl ji> y-oitJl 

2-9 jX-iill 

tyL—JU 4_ilkiyi Jjj sJlXJl iiJy- L . 21.3 m yljiij ^Li)l j- 1 »iit iil> y< Jilxi yUi yJli - 32 

? fyllJl ^iua Jl yJUll J ya\ JJ 8yjyj ^y'iUI yiyjl li v 3yLlu 

^ju*>JI ^JJI fttyl 451 . 1.32 s mj ‘Ul Jl oL fji jlL (iy>i jy z1m~> ^ y* >ti ■£***} 33 

V «Ul JJ Ju t still Ity L '■ »lll rlu j*j 

V till—JI liii yl JJ Sy^jl J-uj fltyl Jl JJ 23.9 m/s UyJ 4tljual <*■*>•> JUl JJ L-aly Jy~y JyS Oiji . 34 ■ 

V Jl J^i^iySU r j5Ul yiyll U 

»pUl jjyll yk Li. 18.6 m/s Uylaii LtlaJl ic^y 26.0 m «ltyl ^ly U yi Jbi JJ iLiy y*> JJ. 35 ■ 

? jyjly ytySl 4ilijJyl Jj y>>jl L)y>0^ Uyw jl V yty^l JJ yacJl JyaJy) 

0y_SJl y_>I y^"i uiill jySJl OyJ y* ^.3 B JMJ , jUl JJ Laly CiSJiul yyiuL Jj j ai.ll Jy£ yyLtfJl yyj . 36 I 

Jlo£ Jy_Ajj iy-ill CilL^ <Ly_I jLf ? Sy£ll Cull fliiyl li* j! • VytlI OySJl <t$ oSyi ^jJI I^ylall yat jl* 

? l^U 

^jJl L . 8.8 m/s Lyljii Lyao ^Li Jj LJj oiow 4*t» 22 m ruLtyi jlu jit iiilj alii oiJ. 37 ■ 
V SyuLi yjj'ili L^iljtusl JJ aLaII 4«ij ifya L ^ yiy^l Jl <1 mJI ^a!s 3 OyiiaU yjJl 
y-i 17.8 m frLiiyl j^—if .'liiu 3jia £jjj . yii ji 3.77 m/s Ly J ic^t Lyy 1.9 m tyb yal iJj*J - 38 ■ 
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( i&i\ iu*ii ou *s ji ) jto j**ji 

J| <*-uJL uLa ji jJaJ ; ydDl y»\j yL»li jjidl jj jjnj *LJ .'ilm.J lj| . jil lift 

V j^)Jl l\i) JWiJ ilbj y yill jtf l(U)\ 

llJaljl Chrj^N jiL k 0.85« »jji (j*j» jji^l Ji Jj>] oImJ Ijjj. j^ptojl !> jljjS oLLil _ 39 ■ 

V JA Ji olaiu/l ^Uljl Jl |ji JjSl ftjfllili-J Jlu ilijj 4fc>»lll ydAj Jtfj'jlj 
frlijl j* Kuixt Mlai iljll cjJojlJ 3.35 m/a ftjji cull isj> Jjmu ,^lcl JI «llj>u Ijlvm JLl*j 5i^»l. 40 ■■ 

V Jjuoil 4 j-9jL JuJI 4*ks ^IjJa.p'i |ftj>Ul jftjll lo , Jjuxll 4jJji J^i—♦ jjj 1.25 111 9ji 

3.5 m /92 4jJ | JJ ^U, ^ » iUl iftkiili-! Ui>J jj iJSL Jnwxll jlS li] 40 aLlI jjS. 41 ■> 


2-10 

J-i <-#l*JI ai-* ^li Li£» , 5^»JI Li ji jJLt oij p OUJI JJ oL?jj ejJuft jJx-» Lii LL - 42 

^lxiw>i ^-uaij jxj LL»liJI oLil li i 1.20 m 5 a*uI ali!jl jli Ijli ijS jj_iill ji oLi-i Liu iiUJi 

1 ‘ SKjfy Oi 3 ^ 1 j«LLJ OH !■* • ***J^l J* oHj 

LftjljL -Uj—o Lai *Lll i 31 m jjuj 1*51* »Uj ii j* Liii till jli^ .ylb ffij*’ - 43 

OLu-oJI jj Ijli *UI yjt\ : wxfclj ) V JailaJL *-Ul pjiwu I <*)j J_ji-a OJO Olu jl ^ . 6.4 m/s 

. ( 4AjiJI J yj jjJI 

i3j» SO 0 ijjljj ^jjJI ftj^wl* jLu cjOlij 24.4 iii/h »ji ii^> Jiu; Jj--. j « ji <;ij » oilii . 44 ■ 

w* (v) ? i>>3vil ilill'i 4 rt n> ll ■i S i. l ill uj L_JL»U ioll iftyj 4 jmJJL ( 4j*jl ) SjLu jl ( I ) . ^ij'ill 
. j*ij jlc <Sj-iJij ioll <j»y jl iijil ? ^jl x jJI ^Ijit i>«j 

^ i_uft i Jjjiil ; 200 na/s Uji 4 j}|j 2 *I yi^l 35° Ujji Ojl> (ijjL oilLi ill! yijiil - 45 ■■ 
V y\ t*j ijjill iJja Li . <Ll Jjj-u o>J 300 m Aiu ^ ( nL jlj 



wj— u jl 2-5 ^ Ji. il L ; jjill 5 jljl f i j5l—* ±ajj . 46 ■ ■ 
ji-j - 4-all I ■kjH—'’j O-* 4i>ljJ^ 

4—I xvJ 4ij>I< 4jjl>yJl jjil jl <£jr- 

9 OaIJI ^>11 ^1> 4«a 11 l jSy 


2-11 ^aII 

i 75 mi/li ftjji Jjk^u jiLJl ‘l^-Jl ^ jjJii ji ojiLkll »i* ^jku; . JLUl ol>j 44 *^* 5jJU». 47 ■ 
L* ? jijH 1 Jl 4 j-w. ~J U SjiUsJl Ifiy oi U . 20 mi/h Uji <pj«o JL*jSJ 1 oLfj'ill <> . r LJI liillij 

*' 20 min ^jji liLJl 


1 jlxij ji^ k cSj->*lll 4-i-aJl ^j-lc JJUl Mi ^jill 4jailll Jl yjlj ^ \yj y iaj jl J ^y jlli yijijJ . 48 ■ 
s_«_*> aLjJI jl (l) i 2.1 m/s UjIjuu \ty~ vjl*H j!»m J Ii “l* *jli 0.85 m/a J 4 JI y jl^sJI 
JjJI jjjll li . 45 m j^ill jli lj| {<—^) V J^>Sl ^Lall ^Ic Liu ILlill 4 LHII J] J-oi ujliil <*>y 


V jyA .II J O/Lo 
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( i*kull IbuJI olj ) jjljJl J-fliM 


j£Jj . jLi'l 25 u Ujji ^ ijSlkll , finOkm/li U,U« ySUl *I><JI j u 1 ^' 4^1U»- 40 ■ 

V ijLA y-uuu jjJlj lifyw 4j>oll <Uy-> U . JU-JI 18 < l*;ji 

AjU JjLa 

•aLij ^_oii jib) . 4 £j>JI Jjju yJLij <J ojV- IjwIU 95 ft/s Jj^*j wj-j ibjW Jj*? 4Jji yiyjl. 50 ■ 
. jS*j l* a^Ju J-iIJUI jJo 4i*Lii ^13jl*Jl jJL- h*J> 3Uij . 22.7 fVs ? - yijjli-U y£« 

jJ\ L . lliu' o_5h> L L JUy ^ slU^S Jy 0.40 s oji Ikj ^/i-l) 

? ^jLuL'I £>1>4 "i J> on iiLa 



3-J^ y-4 J-aH £->j Xu ^ <l»j- Bjlj— wiii - 51 ■ 
ijL—a I'j-tji; UjAll J->j • J-*J (Hr- 

li» j i 75.0 m/h Djji Jjjuj £jj-*JI yj^l J* 
fljL-J JlLk* all owLS IjLi . 2-6 ^ Jiilt ?J>y 
J <_ju^ ^bUHJl y_4 x-kj ji t 28.0 ft/s 
JJ ^tliill Jl Jyot}\ UjAJI JjVj jlji 13! 5jU-JI yj£ 

? 30 8 6;jj ,» 0jl*JI 


2-« f Jii 

fj ^UjJI 6-« okiJ r j^Ul tHjJI y-M JUy «L* f ljW-l< J* ftoj y-UI &> -IU» ^'-52 ■■ 
0.109 s jytt—J ytfLjjJI iubi yi x»j Jj . yijS'L ptki/il Ji 1.6 m >T ^ ^ jS*ll i*i 

v j^ull li» ^lUjl L. . yiM ^ j> 1.5 m _^>T 

pUl yi cuui . yijSl jJa—< j j h hi «Lj ^ aUI <> i>„ UjloL» Uj-44 jki J] li-ij ij - 53 ■■ 

: jlailb jkw yi/il J| ij£)l 



>4 J>Lj+-£ LL, ^ckLII »i» J) 3.65 mis 2 ojJ ^liij 24 m In UjloL Uj! jlki - 54 ■■ 

.■•■ -w. Luit^' Uu-’JI J[ ix-kiJlj H ji ^ . OjJi L-iji J[ 2.55 m ojoj ^liijl 

? 5j«iLj ^JL«pSfI 

rJj —1 JJ Laj^j . 10 m jlji^ ‘HI yC gjy *-ak yj »U <Sj4 yjiJl y4 > **k* - 55 ■ 

i^sUuall JjAxII «J-Jl sin o-eU ^ c 5jwlf4 *Ub Ji I<1».■■>*> ! ^3)1 jr* J! ^jr- ^ 

v JjasJI 1* . *111 ^L. J! *t>J j* 6.5 a xu Jj oL.^ 

. y^SLJl >4 J*> klL-U o_ 4 i i ^04 J jy 100 m LfsliJjl Lak ,Js. liilj Ui^ - 56 ■■ 

^Ijj^l itj-O jifii J| l#Jj j+> Jii dCL»o ^jliJl ^ Jilj JiJ-J pli y>v>Jl tliw' *k>J y-ii J\ 

. 3 I-J - ‘l^_ll <-4jli4 jij J—'lyll p j21.—JI L3JI y-Ju ialikwI ^ cwyN^ 1 j' • 50 ^ 
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( <ulxuil olj Oj>JI ) J-JuiJI 

jyS* L<jue pjLajJI J* (_>) ? ^LjOe JU (y) If fli3jl ji Ji ( i ) : y-k»l 

V Lb^L* ^1 lj*L> JLjuj j >%> 

, a - -32 ft/s 2 oic Lfl j+tis a -24 A/b 2 l+J ( £,Lj) lUc jL- » ; L- - 57 ■■ 

^uu^j JajuflJL J_jll jj i*^U jut Jli p -j mi Ujjj uLu ^Sj ^ jjLJl iy ,)i -ill* yil» I ill 

V .iDi yJ fjj jjJl L> , LiLf} d&yi yl JJ j-aJb AJj ^ ^ JjII gj o* CA" ji^i 
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jO 4_ddli»j UUJUJ U 4 J jJvjJI J~ai!l ^ 

Jy ji\ jAJUUf j . ^Lc^l i Sj> uL1l jayjtt 

Jjpj jjji«i jSjo-/ dJj . jjiU o-ojj <1 >aJI 

, kLuAJl ‘U-.L/i iU«Al ujlj jjjl j ^A« k <£t>U 


ijjj'yJi kjlwu^l 3-1 

jj^x) jUL> jJJl> U* jjijl j >/» >^j 1 LLi uJa!I ILjLIi LI* iwj< 

j_» Jiiy j* dl* Ijl> mu** <J»Lb %nlj o}f^i fijjOj J] ^IL> Jjcut j* 
jjZJl oLiju , *LiJl aAjvJi J}1» j« Lftf) jS^ <A^Ja)l jl l^i 

(1—^Sll ^L-J ^i-oj j«i ^Lpi) jjljJI ^ jsVl* r* £ Ul 

p3\ £-* jiLi^Ml jjj* ys j **$li vidiUj jjj . jiji\ ^Jaw j* 

^!LJL> jj-odu jL£ ^iJtj t ( L^jJC j^l Jjj 350 pU ) jla-ji ^iji )ll vjwld 1 

j# jjlii ji jxJI !db jl£*j W ^ 1 j* j^dj . IIUm til*,ij Lfi>ww jjd}< 

. iJl*S'li jil/kiJ' jjiUJIj ^*W< jiSilil iituJj T^jyJ iJU J£ ji jjil-llilll jdjk ! 1 

^IjJI jjrfiJ! 

*_k> jl ^vdj Ijli |»-*> jS « OaajJsJ t » HLxJl y j*£Jl jl _}k-^ li Ji 
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. 4—<■ jL 4_iijfr ji iLij LjL. 

<—Li—MU LjLU JluI L> 

<U*Ji juiL aW/i 


( 0'j>D jJjjj jjjlyi) JuxiJI 

:itLi ollw ijiLLJl jIjj oJLL aJj . « LmjuL » j^LJi Jl J*aj Lji ifj» ill* 
Jj «Jj_>ui p*> J-oJJ IjJ Ll jSI j£Jj j*j [ y > 4A*JaU U-L-i 

4$^»Jl Jjjo jjJl JlSL»*ilb L «ly « uw till j sill j jlj (jjSuJI 

L>b U^aII jjiil cjjIl Lb LI Jl ^JLJL> jlil wDh' . jj*il -ul^j p ,i>ll 
jl j_SLi O^aII eyjl 4 jujL jl £♦) . jjSuJI Jl JmSi^ J^jl lip ^M>JI JjUwl 
iLJj ,«j IfiLL aLj M«j Jl J-pL aLUL* 0* ^ Ji *Jl> j* i-iJlLj 
old Oyu 3jJ ji p»>Jl jJL yy ^ IjJ LI ILLL iiill 41 tym jlj 

^ jl^«!Li)U <£j>dul ^LukS'l Jx» ^jlt ^JUL> jllai jjj , JuVl J| iij>JI ji jt ' i..i j 
^Jlill jyaiil Jut>3 J jjjL jl 3-2 pill y JjL-i yljJI jj-jLlM <Jm OjL 1 
, iijAjJl Jl ijlk’jlL L5LJI ^L>Sl Jy>J Ojv^Jl* jJ5l lip JJj jjy 

<JaSUI f U>*fl 

^1—k>Sl jj £j-J <_pS’l J| L i — k) 4_1 j2jJI ^l—LfcSl ji Sj^-ill *i»—ji *ljT joj jl 
Jb jlj Uwlj LiL»! j^ii jLi jJJLj* jl 2-9 piJl y liJj aj* uJL-Ji 
. ^HjUl y-L ji cdaLJ lj| jpll y-ii ^ jLjlIl JJ JmL Ifiij % Ja*]I jJm £.Loa 
ji (5 aU) (j!jJ LiiS ji-tljl j<j* ji 4 >m> La jxjL jl ILL J*JI t> ^ 

I J j» 'sILL jilJaJl 4bjjj ^jjal 4lui yii uj i LLiJl ji tp<i LuLij 41 ill I ^Ll»S'I 
j-5L^ . jUi ytfljiJI jiUall _ JSuUI jtlxui yfi L»AJ L» i > jlj Ijji jlr Dj^lt . wUjJ 
Lj I LjlL y 4 a>L> bjli jb IjJ L ^it Liij t^ivuj i <iilr>»« oLc^-u Lii_u ji 
1|_J JmLL J_jjl 4_LjaJl jJ pilxil JaLaJI ji jj 4—tajjjl ijuk jjJjJI* jaD Jd< 
uj— x xjj ^JaL JLib-'il Ijl_» jl jllj Jl£i> v Jlj Ljib jjj y> iLl>S'I 

ljull i_«bbJ jujum t ^iLll» Jij ijSL i «ii^fJl j* jLLj » . 4LiLkJl 
lj-» ^LcvSl vjjvJ LuUj oi>U L>a)I jl yij ILiUl J^L jlll 

9—2 pill jL-ijj L 

oljjJLII jl> 1^ ; j^w^ll j^J^UJI j-^i» jj ^JyL> ^UxLwl 4j^jUI alfj 
4 j_/LiI jiLiyill jl_ii j-ilxi —u jl t 4 iiiLlI Jj ‘li JJlJI > i> >*> ^lll LylLi 

. 4jJaJI iLjJsil UiLI lyu 4La ijyuall t jJsuJ I ix*y ji ^pJl lip , Cu yt) 

J! £fj j* 

j» i J-LLI' IL» y If-jL jlll i <5j>JJ j jyj jjLI^id . (1727 - 1642) jljL 
j-j L uJj 4_*i^i*Il ji Like Kjj J1»J ^ dlj ,«ij . ILLJl Lli ji 4iLLj L^j 
ijui oLj_u 4iy>Ji <JL> lt_t L ) i5j>odl ^LjvS'tj IujUJI ollbJl 
Jy*t JJj5 . ( jjjL oHjLi ji lf>Ljuuxlj jLiLI j>'i o'ijLI pL Lj jill li> 
J—ail I I Li . 4_ujIa1I 4_mLJI LjLlI puj jlwJ JLaII 

4ij*ail oLjjjilb . j_ftljkll j_i yJi£ p-j jSu LjLuJl oi» jtLJ ^jj . ,ajUI 
j>lt IjL <ILi LjLltU i t> jjLll Jj> v_bl^jjl oljljii) jLj"il jLk- ji i—ijillj 
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( <5^>U jJjk jJly ) JJUl J*i'l 


iSj>JJ Jjill (>^ui jylij ojaJ) Ji-2 

ojU : iLftUJi iij>JI jjjly ciiL**j jJ*J I JLtf'i llL»ljj IjJ 
jJ* , « 4 c^uaLJI U—Jill i^LHl £jIJI » u'^ <l***>Hl l-9^> ^ *^i JjS 
lL»ou j^jjill jl*.Ljjj SjJiJlj iliSJl jtyth ^JLv J*Jl 11* jj^u pli 
jylj <uliU 1 a oJUi Jj-i JUl t»i • Hjl JwUI *jJJ . pl*>Hl 

^ilill jljj 

£j Jl j_i jjuZU jajnh j] liyjl jf . CimU oJIS jU . <jU SjSJ l*JA> LuJ 

lfx»—u lyj pL*»*3ll L ^-k jjy yijSl jl JjjJ Lwj L»i <*»jJI j Ufy 
j* pkij . <#il*Jl oJ uij p-*» jk low ayj jiji 0 1 t r L M 
Jjkl Jfcj yjl Jj ‘bf>ia ol*l jj] j+j ^ oUbfol l*J ji LaJ Ujl 
Olulo 'jj_L jj_Jllll JjjL o-i>[» . uJJl yJb ^ <Ju>4 oUl>jl J3 p~*> jk 
pxxl-i Jiy) 4 ji-^l JjWl J-l pj J_l\ JJ* ji p-wJl li* i 3Jj> o 1 J* '*» p«** 

J-ow JjJjJI jl£ lj[ 3)*3 Jjt^A jlJu J^/i jU will lu-JI Jill* li* 
UJu jUlbj i JjJ^I *JILU j* Umj IjlJb 6W - jJjll jli ( I 3-1 JU ) 1 jl'y 
iJUxL-^1 j« jjUl la* ji JJi jJu . p-*J> j£ djJjll ^ yy jlll 
j_i ^LLuaHI jljJil> II* JalLJ jpJ j_tj . SjiJi j-« jXiJl y-U UIIj Jill- 
. JjJjll L$j Jiy ^jJI 5_j*JI j* ^*1J U^jS iJUsiw'i' 

yljAJ j jJ |k-w*Jl la_Jj iuU Luk y ijj-jj* IjWI °k» iu*Ulj 

JUJ4 li*j •. i^jl^O* Ulkl-^l y*Ju Jl J*oJ jl> l*a_lj y ^JJLli 
dll^j}]< ai* ,>• yjJJI jJ ^>JI kjj Oj cji Lwi lliwj . w» 3-1 
OjUJl ZJlk " —."il yJi Jl ^ljJ}ll ±iu LJ ^ dJU JJIm ji^A« 
jl jSjj) . ( ~> 31 JU ) ijjb*Jl iJUaiwIfl (Jjwo JjLu tiJUl JlkLjl jl A><k 
JjjJjJl yiLi-l ji i?U JjJjV ikai* olSjJj USl plokl-lj ai» 
jl -r-'I I -l** JJi ^_k ‘Lui ijjLJI <JlkL.Hl t_}Uuil <1 Hj (JjLo yjjlll 
JLill^j i UlkLwHl jljuu *-* LjjjL lj-jIii! a>Ij JjJj 4 j y'y. jJI 3UJI jlJu 
aJ\ jjJ II* j_» <-,ijl*JI ByJl olkLsu j,uj JjJJJ £ijJ! 3jjk* jU 
Js. jjbdJ iLjJs JjiuJI j -1 llU 13 i*ilJ <1^*4 5a>j Jp.yj j_)Jj 
olSjjjjJl ei* JU plksIwL Jij IfwlJ jU 6f! 
jyjw j_p-« 4 k.Ji ul> j 4-LHu iJ J | ijyji gyi ^ 3-1 Jja>ii j 

. <i>H pLii ^ Jj-aiJl j» *3UJI oi* oHoki y**j iiiUL 


Frincipia Mathematira Philnaophiae Nuturalis. « 
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( J^iJl 



: 3-1 JLi 

• 1 cm j—i^j > j j i» jIjLu j! j ( 1 j 

f—iu 1 cm j'j— i»; UfLt ji 
■ 2 F 0 l—A iul—id I .Je. • yy ifi 

4*-ijD VHJ 2 F tf ijW (_*) 
j—»J-S filial—J uiui U ;i jJjiil 
^'iJ 1 4*ij* Ol* • j^.P 1 
I—.Aic 3 F tf j 2 Fj, j F 0 Uji »jj 
3 cm < 2 cm . 1 cm jIjL* Jikiou 




Jj-i fUtfl gij) ilUfl .iiU 


lijiJl fljjf : 3-1 


iiijl 


oMjIS’ ji J^U .y ibjjy L»L>I jJJ yll ^jijl 
dJj J! lij JLa ji 

^ jyi 

1—<ljji J—*>j <.i—^l> L»l <vl j ■ oj— 3 
( ^)J . . oL^uilj oL»,Slj ijjiyi ) 

JJliJl J^Li 0* 4SU Jji 
t cUl fL^S'l pjLO iifi l*Ju jy 
£jj JuP ,^£11 ^LJ Cal>Lu ^ SjJ Mf Jjj 

. 1*4 0aj~»> 

tixjuVl Jji 

ji—U^lli />>».]» .a iSj>Jl f jU3 ijji 

,Ulli>^l jji 

■ 

i>jjUlji 

. JS Q# i_jl>yJI jji 

^ i yy\ O—/S'l tjiJl 

. *jL>[>jjS <A>w Ja*J pL>l Jja iilL^AJl Sjill 
oljlull {yu O-ulrLuLll JjZJl 

fljill ji SjLtlxU »L*>I 


. Oj£ll y oljiJl iJjLuil ■ ■■ -■ 4aL« jl ii-L> pL***)ll jjJu ” 

uiXj* j-i'w LmUImJI jl i-jJl liji j i *Ilu Li-udj . t ^Ll «Awt olj 51* 

)jhS i U-all! Ja— jl jpJLS - ajl ijL. oli t 'y. ji olji y* jjiJl Ifj jjSj 
, y-&M yl yjj Jjiljl 0 ijj j^Jljtfl ^Lk>'l|l y U dJ 
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V 



J jA f—*31 jfr—t 

. CiUj liijjj 


(4SJ>U ojjgi yjjly) liJliJI j^kll 

W LL ^ JI W v-iiiyw J^l ^ 0 yli ^ 

1 JjiJl !> JJ* j,yb 0>J l*ilj jjUt xi <jl Juu !i» . \jjxa L 

ijJU! yL* ji liak JlL * lyu» jjL* j^iJi oi+J ^UjVI £ja*JI ^ 
jaJ otf j-So I 0^—JI *Jt> y f-*Jl jlS U|» • ilbJI ok ji yLJl J)Lj 

; jj^Jl 03>fi j>^ 

. I/-9 ok ijjll 4 Lsl>JI ii*»Jl oils' Ijl £jSwJI <Jl> f_yjl Jkj 

(jSL DAaill Jt Pj-iJI yliSIlj . SlpJI u Jjl* Jiiyi «_* J&j J_, 

A* 5xJJ11 ^ Ay »j» £• *i> Ji-! JI ok ijijil lujUJl jui »y ^ 
*M <)IS »jj J-riill ^ tirftt fJLJI JLj JL»JI joi oaJ j } Je\ J| V U£|| 
lT* 1^ J ( k“ -**} . j^jUa!*} jjL^Lli ^jubajl ^ ljuk 

0^ J-Jj J*ii kil £»ljl . r-iiyi ^Uu^l IjyJ <JL»yJ oJUJl iJjill ejjfc Ji* 

. Sj#S ^ &yi } Jii <L> 6SJj t tfy^l f L>Vl ^k Cfct 3^ j/jl oylili 



C,IS ( 3-1 f*2)l) iSjjjll f U>S'l of- jJJU- oIjaLU jiy» JJkJ 
jjJjll tyJl JL* i w-iil ^k £j-ijll yl&U iyJl . ^j'L LS ; ojJ 
»k>j'lll ^ ok SjJjll (3^iJl £j-a*j jli 1LL_ Llyjj USj . jjLtfJl jjLy ok 
CJ olxtfl ijji oiii oij yUSIl jLpI Ij 1 jli . i^l. jjLo ^Ijl 

a! k>^U UlSJj , iJjk Wjil c5jiJI Jt! J>-i t jJ [JI j 

Oa>J U lijjbj . Sxkkl jjfi Oyo iiLi ^LL ,)i jm ojSLJl J| J^y yliSIl 

OliS^> jj_aD yllSJI jk iijk jt£- 0*31 5y Jlk J £yu ^ ILL ^1JL> 

lyj Uli^ t layj JlsI jJoJI Lk> IjlJ . (3-2 JJLJi j_LI) «5y y*Lj 
2^1 M • oiiyJl Jyj j<uSl <iu JIL A r yUSIl jli * jUJIy JlSo^'ii 
. ISykl ol«5Jl libiy J Ik ^L» ulk j <;i 
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: S3 Ji-i 

jk lit f mid ~ ji&i* ^ 

j*J • f 1 ** *& ii-* 

OiVjlf (/Jill yM J 

li-i la—ii j_p Jjjuu) iiOJ 

4-juJ ). i-zn j.jiii jjM u^*s 


( 55 J>U jij*i ) udlUl J**AJI 

^LkL-«l jJb Cu/J! oLjUll ji L15 Jl5uL»')|| j# jaL>o)I <Jl>U j» ppjJty 
Ijl OJ >J Ijl—S » Jl/Jlyj . fjl«JI >JjlJD JljU >yfu ^bi Lk)l5 /JjJUkJ jjj.jj 
C 55/JJ ^L/sll Ul Jl >yll jUUII jli* clkiJ dlii»VI j5j fj 

;j-5) ol dJii jJj,y y" l M ■■'I jj* . JL5u»'ll jC ililill olj/AjJI ‘IjJ y'^llj 
sLajI ^ 0/4 /-c jy <j1c j3p jl u>j o5j> sL>JI jc J^aXi 4—> 
j/U 3j/> ^ o/£ /5i JLi ^ j*»lul»*il jji» jimj . JljiJ'Sl 

; Jj’il j3/J 


t5/iU ^l-^oll ^-ajjmJI jL5 b| <yli iZj—u li/Ji j_j jl/oji ..... *.l i /i^ 
. \jl& p^vJl ^L; i^JUl *u>jL>Jl 

it/- jljii jl ^ oajy jv'ill li* . <5yjl Jjlm 5c/j 5*15 Ijl Jto^l 

- fi**-** ^*(^55j>Jl jj /l *i kj/, jl | //uj i l/«ii jl OiUjI^ p—>JI 

• Jj>l W* jS IjjLu U jj£ LiJjlCj V = 0 jlC UoJw) jjl/Jl ll» jl ^lyjjl jj» 


cULiLSjlj jJIjJI j 4-aiJI 3-3 


J^lll jyliJL Liuj iLljjjl 3-1 |kJUl y jUI^Ij jjjl ^ijjl ./i. Lujj 

: ^ L5 Jk-all IjLfJ ^JLtJl Jy/uJlj 


J— i*j jjUl j jl/j_i , !ll Jl j5Ul ^-jvJl Ja* y jjljJI j/aill 
. <JL? < !ll aIcj_u ifpJl ji jl/jL^5U 

^jljjl jj-4»iJI jl 5L1* |J*: j»ji . ^lill yaiiy Uy j/i 3/> L;J 
JUtSl O/ jl jj i JUtSl O/P j_> 1/15 /5i t~it4..<Sl< <lUa 4 <‘ii>L^i 

4i>Ul ijlij jj 1/15 Jf«/I JlikSl O/ uili^j jl US ‘ <i>Llll jj 1/15 J^_ii 
j/5j <5^> <Jl> juts ji ^juu Ijjk . lUjJl jJuy j,u5j*I« buti ijl 
. l/y5 jiljJl aj/al j^y Ujlc 

U—i</jj • 5u5 O/iw 1/5 liyju jJljJI j/fliJl Jjt>j 

< (kj) pl/> ^5JLy ^LfcuJI Ij_& ^ a1i5II sa>ji . jJb L5 SI oly>yi pLbj y 
3-3 J-il J1 *j ) . Liji> j< yjill; ^Luo iliyxi o^u <il*L_ii <ll5 ji* 
j-aoJl y-iiill ^ kijW ^ >W I t> <x-u 

jjlill jy^m, jLu jJlj j/fli JJ L*> jlj i Ji/JU . ((/- JJ • jjki^ly 
L> j»—j_iijJl jy* M Jl jLS IjJ ; JULyj . 1 kg jj5n jjL*il ^l^> y»51l 
L^ljj J_Lc lu—* . Ij5>j ; 3 kg Lfi'u 4ili5 J/u SjJLII tie iJLuil il^J 

ijjj /JD ojv p-yJl Jaj jj jji>J ^*^Ji cla5 Jij; ^yllll ji/j jylj 

yt-aJI kijLu ^1 i! fl>>» 
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( li j>li fry? frjj ) tldljJI JjjlJI 

t^uwyjLU xt*i ^Ului 

4^j Jz-fci ljii-B *ji j itja* *i)W oj # 1980 Jlo- 

•Lij$\ jS dL* >J ^ is- Jlj» j5b- jll*l c*iS vV ij^yX l- 1 * 

jjjjj »UJ jj oljjjjD’lllj jomj £i : JlillS <ULll »i» 

JJj d^»JuL- Jj^yi »1* jj Uaj 3jIj_» L*jj xiej Oi-w p-*> iiJ 
DjljjJI L>jJ CuLS 1 Ijlj • %ali ^XM oUb^Hl £fr> J CiL-LfJl 
tit jo* L : a JljJl*. SS>JI ii!k i> 5x.i* -xL*** jlxS JJ Ij> i*IU 
djL-a u'U L*J jySi jJ Jlj-JI lx* frt. Lfa )II Ol ? ««JI 

jjjii <> Qu ^ijji ij* j »j*>yi <yijji ^v^ 1 

\‘j& IfiLnU iL^ 

jdli JLstfl J| jJioy jJ Ifjij o/>> c*-J j3lL« ji oSjji 
J ox»^ lfi> j*-w pJ ijL-» cj-lji old j&y . UuUl jdlii i> ■4-^ 
oj^>i jii i 5^ oULoj &L jjL> j|. I^li li*S t Ijjm aitf l**» ‘ L. JUiS* j J* tP^ 1 
j s ?. ^_j 1 j...fi ^1 i, j_'!>•'■■' L^jSJj jXj L*i ouHj) jl Xj*»ij v Jj>!l 5*» f*> ^ p>! oB x£ jiil 
fra jball 'll jlS jUij jii I jj|j>^l fr *1/1 I- ^ j jjl ji V-M ^ f#*' ^ • »>£ •/ 
JJj oiii li*ii LLij . Lid ^ 5j ^> y *y> ofl ‘ «lJlj ji !j» 4^ ^ 1 ^ 5xp 

JOJ xjljfll 0-. JU« o' ^1 > »y ^l' ^ L^ 1 yj ‘ ^ ^ 

J Li lib ^IvL^ Ji>i oiij J.ill *uyi J olw <JU j-ii ^ ^il I^*J 60 >^ / tUiil 

, ^xjyfru fr Cj jLLl> Clio 

Jl yUll J_» LL»ly j-iiiuj Xii oL^i OA>J ji) V jt&t J! jy^ cJilLlL-l J>i ^>1 J) 

<jUi uyxi 0^5' • j> i J! <iji« > Jog^W W ^ ^ 

jujjs'I j1ljjl5 UJiij 4i!d iuli <Ljl) I li>i ixJx 

lift oUi £±xJI <ili* ijl Ji»o Ldc jClxJ J*p ^ pill cr 1 -*! ^ O' J 6 "r^ 1 0* 
v-j* JJBi JlSi>'lll k_u-u klujy ‘HI Ij^Aiu j.'U j fa yjlill i>i dJj . sjjii jj ijib fli JJ v-i^li blj 
O J u U J! Lll>J dLii>Hi Jiy ‘Ul pL* >T J! J c>. WJ^ 1 &* ^ ^ j ^ ^ ^ Vj ai 
. « .1^1» L lj*j ; ‘111 y J§9 ^ yl J] vjlill Jdj iiuu lx HS ; ju)l 
Ouj-Jl U.UI <JjoJll 6JL* , i-fi+il jiL-L> ifjj-t ol_^ Ou n y• /LJI rM -ill! * & 

iju» <Jjju j jJl JLJI jJ Jl j-*>Jl uiiill cdl j*iL» Li ijSil* . J-iilU ilf>)'l 

^jji oj4**ill oUmJIi dt Jm> di£l. d>iLii ji* ^ dii d^j >>d d^i* J! ^.Lj ^ « xa^Ji *jdi 

I ji ^jLj ji cuij c^o oui jjJi juiJL/ dj^ui > *dL» a»i b d^ a>i lf*W H W 

. dx j <i*>J jjJI j^iJI o^Si5 
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(iSj>i) jj^O jdly) wdCJl j^AJI 


jjlill Jiyj j^il$ 3-4 


■^IRj a = * 

**♦ 

— «]- 

:U JU 

. A]^*J ujjj iit Ill F > ,|| iiiTi 


j-» ^iil Jdu 4-Sj> si—*Jl ji jlji* jl Lwjj> jj flju IjjJ 
O-^jll V>nJ' ‘Ij^! l ' » , » < v « ji ■u^i Ji s^yjjfcjl sit jt jjin lll j . miiVll ^..i»>ll 
^5jLm< jlxii jjLL Ju£ 3—2 ^-Jjl ji UjIj jjj , 3—4 Ji-ill y Ltukio 
fl—cfcSl ji jjuUJJ . F y OjLuIl syJt «i* jl jijiuJ i ^jjJl J^j)l ^aiOi-4 ijiD 
( 1 kg lfi« J5 <1 jS ) vjLajj JiiJI aJjLIi Oy*uJI j_s iluu-i 1 

3—4 J j* Jllll Idl** Jt dl£i»l jjju yk> Lpij 

k-k_ilx> Jt Fnet SjSjll JjXil jljjA ji ®0 0 L*aJI J*ij J> 01 


: ji ^tjuuLwl jjj Lu5jj . OiSJI jyl y S-J 


Fust ~ mass 


u » Iji* ~ jij\ UL ) i 


>JH jP J jW j# ^ ii,V j* £>-" 

• tfflt 




JL*fp** 


Fnet OjiJI 3 jLj (JJy —u> AjjANuII sift j» Sjjrf 3-5 JiLill Jlii 
^ ; i-ill u 0 *jJI ji J5uiJI j* . OUaII 3jLj J] mQ OjiiJl yJu Ji 

jl ifi i OaSJI cjyj iii jjiJl ^L) £i l^jjt 



: 3-5 

. Cjjm Ait u f-* F yJLuJ 


Fin* ~ a 

. mil Jlo oL>Jl jJu ji il>j*Jl jl dJiS 
jj^JI Ji SJ>lj aJjUj J j^v/iill jjjLft ±i>y j£»* dJj Ji *Lj 
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( <5jjjly) oJIjJI 



: 3-6 JC 
N * > Sji JL* 
. 1 raJh 1 U Ji At iKt. 1 k.K 


F UH t -kma (13-1) 

Clulj k t±JJ> 

L^jJsL-o p_t ; jSliJI Ch?" Jy^! 'jj** ^W-Jl 

Lfjl dJi . ^L*>Vl ^Ipi JjjJI £**> i*U Im Lpli 

-* i >"“ ^j-lll <j_^LfSl v!l JJ ipwill plv*>*"Jlj uli»il ^jiJI oij^iwJ JU >j 

JJL^_JJ . 1 $_.LJ ^iSuj jil! ■liAllj iyjl ^jjlii U£*ll *i)M>JI Vul> j <Sj>JI If; 

; pU J_ti jU»J j-i uiiljil |> ijliil bwlj jllill tfyv fljjSli **¥■ 

. I^wLI UjJli j>j*i *Jl* p £>tj 
6 ^JiJ| 6 j_>jJ I-I—iliil i_i_»jjuJI £—i>y i t i iil’uH out) <a *3 .' 1 >^J JJ jjtl Jixu 

jijjii Jjj *ju st ou»yi ^ 5 yi) 4 j-)L'ii ox>yi ijjAj iJi-ji 

. ( 3-<j ) 1 m/s 2 UjJ iL>-> l+ju-Si 1 kg UjjS iltf Js. ^31 131 jjJl iyli 

j-i 4 j p-JI jiki U j>j 2 Jau !1 ill 3 S ol* U) jJ^ (JyjAiJl jlS Ijjj 

Jojy ^ill IfiJcJl £ljl>l ji Li_J Ljllj . Jjjj VLtjli SuJI 0 ±>) UL[j*j 
(I 3 — 1 ) <blul J) k_wljuJI ouli )}l x*j » Bull ax>y ciujjull lip . -dxojL itiJI 

1 ajJUl y _4 jljuLlI Ijjk ^s. jltl jjj . ( 1 «-ujJ ji ) itLuj Bx*y> v 5 jL-l» 
’ Jj, US jiSl jji JjLp jyJI SjUJ LuSl*^ jSl . (N) 

1 * 1 jj? jJjS Ujjii UiS o^SJl Jb Ju»>lj oiyj Ojljit jiJt a*iJl ^Lo 

. Ljj Ji! Uilljl jj 0 >lj yu Ujjj < 1 >> i>lj 

jl i>j F = m a o^aJI i>j . 4 i 5 ill ^^1 oIjaj 

1N = (1 kg) (1 m/s 2 ) a 1 kg.m/s 2 * 
jbjAj l« Ijjii* ST ^l£u)l ^ 4 _ji)l iX>» y* C)l u-« 

. sly> t (lb) jjjLJI jl JJ»_Jlj 

1 dyne = 10 5 N WJO 


i 

1 pound (lb) = 4.4432 N 


J-»>J ootUHI JJ (i 3-1) ibUil ^ ^jlfAill J*l*l jSUll 

: iJ^iJl ol^l.x»')l! jjLai j* JiJ XJjUt 


ol.i>jjl jSi; ^il o>j. lleU- U LfJ iiiit i**} Jjllj jil* JjSl »jl' jk tA* ” 
Ljlx»yi jl ILijAl 5 jl*>jJI ijyJJl j_* ni* “J^y 1 fH^I ( J ^l) 

^uU» 'uU Uull »J>jll >i» ^A>ii Iti* u ^aliJ 
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(5i_pJ) jjyu jjjly) cJIjJI JjuJI 


(F b «)« = IF* = ma* 

(FnnlV ■ iFj - may ( W 3-1) 

(Fuel), = IF* ■ m&i 

(iyJl o* J3J x ol^5j]l JjVl <bUll ^4 iiMi *a I y^\ 

»UJl • C**.,**^ 1 j z $y oL5^«i) Jlily i Sjljil 

, £jJaJU ^ fy* JS oljlwj i>jJ ji 4 jLp *Ij^| 

: 3-1 

jj 8.00 s J^L_> 12.0 m/s Jj j^LJi jj f^L uj jl 000 kg - a^L^i ji ^ 
? jDjJ iujMJl 6*iJl i~u3 it , |mIL*j j^jJj 

i ^2kli JVjlIuiI 

? Ollkll SjL'l jn*l' At nil* k_*>!j! Ijjil v# L : JljH 

. F n «t = ma : ^IDl j3^ jjJli ; <Ll>VI 
Y jUoJ jSu*i uy£ . olKw <JU5Jl : 

ji Oojuuull iljOu pljiiOL/l Luiiu jjjjpj . Ajuli aLkaII jl jiju : *Ul»Vl 

ljj» ^xxl jjjJI jij v 0 - 0 . v^. = 12.0 m/w ji jJL-J j*3j . yOJl J^iJl 
a = (v f -v Q )/t y^Jl J (2-11) ibUil \ZZti jjl . t = 8.00 s y> 

:2LiSLU)ljJ»JI 

S 1 

a - 12, j^ 8 P . = + 15.0 m/s 2 
8.00 s 

: ^ »aJ<. 2 

F s (900 kg) (1.50 m/s 2 ) = +1350 N 
; v «b>J( ji a j! (, « ^jLuJ # jjLJI jl j! , jlju>^« j*»jt- , ) , l o! 

. a #t*jl ^ F jj5ui jl kJLX,) dljJj 
jtyJJl j* kg. m/s 2 ji JL^i > j£b 
48 in ; 5 jL>^II Y 8.00 s j^Jl J^L> ijL-Jl 1 ^^ili liLJl U ; j 


5yJl <LuLJI ollakxll 

Ojyi Lr jj jp Ji »JX*j uily ji jjp jyfo jjU ki alt 
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( isj >JJ j^'y) J*«)i 



^ Liu I clLxP Jb^l yjJUl f-*Jl jkyy, j 6^ >» J™ ■ ']& 

^ <& jin *• I 8-7 jSJli, fb->Sl 

J! ji-1 ft. J»L» By . Wl • >j« : *</!< > »J# dy ^ 4 W 

jk » j> »>i j->y d)tf. *f> JI j 14 «#w ^ ^ yy y 11 ^ 
d jj> jjj k*i oyJI <5j> J! t+»y bAu*l 0^ *i| u$J • j^j 
UuxoJi fL>^ J* »yji' ijSN p* o!* &p*3 ■ y+flt M *** ^ ’J* 11 

jJ)5 j-iJ! DjJjl ,**u ^Jiil J*U l+»| i f-^U ^ u JA>5 v 

. IjtiUt <ulf 

ijjjil lijJUl dJj kii Ji*3j jjv 5j^ f-y J J^ 1 ;> ^y 1 {***!) 

Ijj . ^>jl f~f>d jjluJl Jsla>ll J»*t ijj-ll jj* Jii . ^ 

^ ^ui u*ii j i i>*iy V* r^ 1 J* 5 >P ^ ^ ^ 

j^JI ^ J,y\ LLkII y 3-7 J5LUI jl H) • W** £* jy^ y JI 

c^jLJi y *y*JM J_S Ltd J*-J oJUl 0 ILL 3 JI JO* J*. 4f/to 5Jl> ji 
. OjJl J* jJwe (- H) 


o^L* j* tWI jjLu jfii j* ll>lj ^ p* j** 1 * 

:3-7 Jbl ^LJi iJjiJl ^ wU jSu* “y* 11 oU ^ JI J • oL ** iil 

^(i) j bjd> *>>* •J u | , oLS^il c^IjUi jJ L>y>-»JI djLftJI ifinfi i>J * y JI f- 1 ^' 
• . ^1 j ,1^1 lii>i jj Li O^UJI oljLrtl oi* r ljii-l 

. j^jL JjL if>« ^ J* J* A * < '-iy - '■** 


: 3-2JH- 

lyyi^ . 25.0 N Ujoi ajL i 3- 7 Jl^b ^ ^ US o^l & J 
J^jll Lujl^JI iJ ulj 10.4 kg LjaJI ji jfSJlj Uii VyJ' ^ 
Jl&J ji i?>) ^ J >/>. 102 N LfJjj I Ji-i J! vL V J* 
^1 J| l^ij yijSl lyi jjp jilt P M ijij V/ , ‘ ^ ^ 

J»jjuJI 6 i» >^»«j V/JI 

i t7 Skii JVJuwl 

. y 3-7 Jii ; ^Jl ^ jiW j '** W > *P ■ ^ 

v jjLL jj^-y p Jw-^i "»y iji u ^i«i J4 

lil . (y 3 -1 UjUII ) jjblJi 6JjeJ ayLi ^ ^ ; W 

5yJl ^ JUU, !> ^ J », 0l* ^ yy 11 V ^ 

LJl s ca-J J! ibi)l »y <^j* j> dy O' j^ 1 >J • 'j* - *^'^ 1 
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! A j_iVl Je, jPjLU > JS jSj, 

• tliuj iyLo 


( <3^*11 i jjyly ) ^UJi j^| 

^ 1 '>*" ^ ^ O' dJil. 102 N .jij ^ ^ j jU) 
■ •UoMl ^ VjaJI £*j u Uj^Ul 

• VU 1 ’J* 11 cw V ^ «kWl j» U ; Jljw 

P + (25.0 N)(sin 37.0*) -102 N = 0 ; ^Lj-Vl 

• ^ «M <* jjjl u Jl^ 
(25.0 N)(cos 367.0°) - 20.0 N ; ^ jyy, ^1 



m. 


. 20.0 N 
"10.4 kg 


jA <1»*J! ! iJLsLUJIj JjkJi 

-1.92 m/6 2 


• Lf® Ji Jwujjt Spi 

= 102 N - (25.0 NXsin 37.0 U ) * 87.0 N 

ilU! OyUll ^Li_ jlLDI {H^i hyU oli* i, Jyjjl J jjUi 

■ jV o- * v ^1 


__ijiUll : JjUJI Jjj JUII 3-5 

^ ^ tf" W** iji VM o-AII Jy #1 >jVl J fU LW 

oLai m, t L^ W Ji Cm ^ li, OMU. 4 . ^ ^ ^ >jVl ^ 

' ahU ^ •> ^ ^ ^ ^ £rtU « ■ W 4*181 

“t* J ' M 1:1 t^ 1f ^ > u*> W }y J» 8*81*11 y 4. U Cj, 

>i 0*U f UJ-I* JL11I jjUi ,it jju s^i ^ ^ j^j, ^ ^ 

J«iJl jjj J*ill ^(3 ^ 

‘ ^ JUS J JI UUJI cl ^ d^L u w ^ 

jJ* V. Sj-L Vj ft dull ,J, J f JH ijS ^ L ^ 

Uis. juii .i*rti jj s* d.j > jijj ijfli J4IXI y* ss,j, ljSn 
• >1 J| Ui uilll V JjJ ji ^ ijJdl J. ^ ^ ^ 

«* S 111 "' J! •" JS. 4* )l i-jU( 41*0 r li jij 

: j *&> j>ili i* 

^ r -*J | >-Fiy jJ JJ,fl4 ! i i | > T r » (( l < Ku,Ji J i ( A r , J )| l i| 

. tl»rtl j UoU. jljall J F J } u jyll 

J J *y rf-Oj J«ll »J«( (iv Vt li 1 ) 4(1)8114(!l» J0»! 
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( jjjjj J-d' 


jlxjill ji J*iJI oyiJ L>Lj i^Lu JjwJI Jj SjS ji kiJlSJl j^Ull */*“*} * 
jjjL* ji Ujluu *li jj -illj j* ji£l Jm j^KJ! Ij* uj . ol^J'il Js t+J 
L*w 1 j- 1 * f-** U-j yy. lM 1 *y» k u**-* J* b \yy bfifl 

. USUli >11 jj iyo j/ill ^ jiji ^iUJI i^JI 
^ ^tujL-o* J-*iJl ^ o*jj »y jl JjiJI viJlil* byW J* 

jl j£'£ , 3-2 JjjuJL Oj^jll dli'il j-« J-S jj sL^J^Il jtjLaiaj jlj*ll 
j^LiJl IL& |ij3%Lwj Jj—j ljj» . pL*»l jJp J jJ jy 

jk-»> ^ »jjjii #y)i b& ^ p*** ^ ®y*' ^ J! i 1 ch 

, iu^Lu ^>l 

. jjj_Lij JLaj cwjiktfl ji vi^Sj Sjlj-. o' j°y*\ jy^ r^tj 

LJli jjkLiu Ltjic V jj-ii iy olj ; *• jutl » OJuoJ! j*£> j"j4-*i* J* 
j_i) . JuSLlllj Juii <j£)\ i>jl»-» i jJ-o jl jj*juuLy ^fili ^jLaiJl li* jolill 

iijL** 4_x>ui yjsjii °y* o* jj*i uyi* 

J_£ . 5jL—Jl j-b i_i>L5JI 1+/ OjJl jiJl »jil3 (jla^l ijL^j ) jljiill J 
p j±>llii-^l j^j* j,u yjLsuJl illjj Uii*J 
b* pijJLi • J> i j£ ja*j J' b c ^ ^ jj 1 "ty 

iuj-Jl 5^5 ba LL>0 Lfil ^lj ; iv-aJ^ « jJI 5 yj fjJa-oi»SjLc llji jL Uil 
^Ul L* f+ju j_£J} . jjii >y Ju$Sl jj^JI (ji Ijbyti lili J**> - 

F ■ ma iiiUJl* ; jj-»i ^ $y!> J! jLr*i* JAA i 

: j,^l Ljpy'ji 

a =F Im 

11 ‘I ! 1 ( ILkaJI ) jjjuj Jyi bii* l-H 1 Sjj-oJl »i> oljf*» j* O'! 

iJ JiiSj <L>ujyJI (jJJUJ (j j » ..< > jJs JjlijLjM (jrfjy y*jbs ( oyjl ) 
j^-»Si iv j-» Jji oyj j^i ii^p jl ^ ij*. 

Jii lLu> pjLuJI *1)31 ll«~o Ij^aj ^Uj *Jl>UJI iij-i jli <Atj. ibi 
SjU- U , »L>J^I ^ i-Sj*)l %JS IfijJl »i» 

4 iP^ Jj-i i iyJl ^ 04J- J Lpi jj fPjJV k V^jJ’ 

ixiu Lfi[ Jj i iii ojl^Jl Jiiy <uj-oJ< ^-u-u jJ d**> k lj^5 ijxti 

JS^jt J>s- lj> QU ljlf>! 5 ^* ■ j 

iXm JLIjJ» . iJjti* ijLJU Ijfl^ juii jlj-ei JJ JUJl^ liJjJj 5jL»«JI 

. iU>liJl b* ^•■ u ’ ■>* 4^i 

-89- 



( AS J>D Cypj jjjljJ ) cJlDl J*si!l 


. oJbJi jjjii jylif JUlj# : 3-2 Jjji> 


oLLLu 

>iil Jj 


ji c - * 5 '■*• 

dU LiJO s_<_Ltxli j~ij £Ji 

A* Aj 

• lM J! ^!* 

J-*>* dJivj jJpi JJ 

■ Ji-ij| 

*- 1 * J^Wl yLS 01 

SjJjJi JL 5 ii>l Jjj 

oKLJfj Jl_Si>l ij-J 

j —Sj pJ jl ) jjJjJL-j 

*J*d—-Jl oljU»J j—U 


jjjui ( ljj_»M Jl_Su»*)ll 

J! < »; 4 -Ji A Jlsl^o) 

f jl_ ~Z jl j£ JLJLsJl Jj 

<h±^j £|J <jSJj Cj^UuJI 

t » -u 1 _» yhj . pL*ll 

,ljl*Jl 


. DjluJI £jLu 


8 j-jJ< 0—1 mII jl_£ IjJ 

*=*-*■ W-? A * 3 A 11 ‘j * 11 

b-# Ai< A 1 “y 11 

> ctfj J'A*^ 

U j»j t jjl*Jl iau J* 

aj pliSl JJ iLU 5 jl*JI 

J! 

j—)« ocy-Z * <^>s 

k_l dlpjl—J U 

^l—jj L»jiip j-iii £4) 

• 3 jM 

. JlMlL< 

ijM 

J_«JI Jj o^J jjSj UL>i 

lijill 

vA b; y>. A’ l ** 11 

j —& ^*-T**j "j -^ 1 Cm 


J y___Sj ^ ^ 1 ^ ^MiJwJl 

• vA' 

• jW« 

jk— 15 jiL_c jjJxi '.^ lj>»i> 

JA' 

J_>P ij_ u k—» !j_» 

—M 1 W* ^ A 1 

Jp JiiJl JJ OjJjll ijil' 

■= *lj''ll . “.1 <Ij-wJ| 

■j-^i) fL-^W Jl ^ 

jju_“ Ljii' <-jj^ v— 1 » 

j*—" 

L j_»j ; ( JbJL vjliJI 

VjU j» 

■ " J j olS^x* » 

fLijuij wULJjJI vm*s! 

. f uSi jj >x± vA 1 



jj^U jJjill 3-6 


^jyu Jsill ^ySJj i jjLJl pk» U'iij Lij-f ,)l 

p-*.> ’iji oJ»L> jJ 4 jua* ji yijJuJ , jjL»il ^1^*11 'i-fj L^ijUui 

o_L*i IjLs IbSJl Jvf>j p~*> pi (1 kg) lj>lj IjLiu Ul^> y^5 <uJj5 
Liji* jxx ^j_>i ji j*>« pj^ jiyLj t <1 >jJI 3yU< oi» 

(jyli j_i 5 j^Lj4 7 -iju li> , iliSJl ^jLuw jl«..i>»ll i j , ;« .» > > N 
jt j-i'J jLjLhjdi ojLjj (jbyJl ojLj IjJ 4 jS dlJij F bH = ma jJlill tfiyu 

vAj L*l^-> pLi n p ii><ll <ll£ jjSb Ljulp ; JilOj , jUiSJt j^Sj 
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(& v>jj ) Dii’i j-mJi 

y*ju j^JLJ o_»3 CjLum Ll^ j-4^ i5;L3 <1>p jji jii 1/n 4il*P 
<Jd*p OjUu; ^—cv ijS <i»5Jl jn»j j$*i *ii r^f. •j* o* • 

LI L*}1£ pn UjoP Ij>Ij l^ljuu Ulj> JjLj f-** 

, SjiJ! y-ii 

ijuuUil £p)l « Iflj y » ^L>*il Ji£ 6*W p 

j*J ijjliuj ^IjJI y ^yj Lti ^1* yLJI 0*ji^ fA*o-u ■ 0*ijl)ll 0■* 
j^yll 4_ujL>JI a y> Jj*ll yj> J>l y* iJ^4->oJl «JU5Jl y* »yp\ Li!*)! 
uiii j>yj jji i)iy>ii pijij-j! j*s» . j> ! iii yyii y* “uy*-* ^ y* 

ypi J! V-wl; Usill y> yy y> <JUai-/'il jloi* 

. JLI JJ Lf^U #yy* Ljl*Jl ay jjLJ 


; JUJI5 i,jj)l JuyJ jZv lik; 


L*—a. J-*** jiS ^jlll yiiij 

■ Jjj Liu 



• f-^ 1 J* typ 1 3y y-*)l 03; 



l»A>i LjAjtujl y_* jkPjJlf i Ljjj j 1 j" 0 3 ^ &“* 

ju>i dtfl Liu 5j—9 03yii • L»L jDiL o^ - *^ (** ‘ y^ 


. S^LSl jIjwS'i 

jjJL)l |}j_5j Ljifi . jjyllj Ul£Jl foj Li^Jl yp J/lU iL-u Lj*: JL 
(—*Jl J^i, ( Lp ijjyil i*jl*ll 3y ji) *Jj; J* l* f*+ y^ " 5 W 
^yla o& W yj[( OjjJJ ijii. ( 3-8 J£i) tf >>JI iy-Ji <L»uy 


j—^ vi* 31 ^-j^ 1 & 

j \y - jjL—ii i-l»* < j Ui< W y*j 
• K ** 


: ijjji yp ^ j>ji j»yui i)i> y yiiii osy 

F a »« = W = mg (3-2) 
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( iSyJJ yj jkly ) j^l 

• Ljf41*11 oyj j*i z <>J ^ ji 5ikk !>!*, ^1 ^15 lij ^ 

ttSJl £< wuliy oj>JI oi jU y*j (3-2) <]jUIi oji <,JUj 

* ^ ui iUj • ^ C*** f-* J* iy)H »y mJWj U»j 

£mj (>1-^1 JJ *ly-'5ll k» j» lLii> liHi.1 JdiiJ jaji\ gL. ^k 
i^jUJi it i pUi J-kJi jy yuii Ji^ji ^ jj ^ 

** jl * y-U ’%4 >J! ^L- ^ 4*il*JU i ji .T Jl yS^S 0- ^ JUko 
^JbJI »>i iti Js, Ik Jiyjj t yik J ^oJI 0 li ok, . ^Sl 
^ ^ 1 i5>I Cm i p-*JI iltf jSDj , ^oJl Jy jk 

<,wjL^Jl oj^ 


3-1 j>^)jj Jli» 

J-* # <-* <ji L^yjl 14.fi N ^*> 31tf Uj ? 5.25 kg 

? 9.80 in/«2 c*dkJI jdS 
y 5.25kg cWp* Ojj uji I W-BVT oi **» : ^ JVjSJ 
W - (5.25 kgK9.H0 m/a 11 )* 61.5 N 


oyj ujjj j>LUl Uafll c,! j_^ k rn = WV* ^ (3-2) HjU ^ y} 

: jk 14,6N 


9.8 m/a a 


1.49 kg ■ 



:8 »Jii 

. ysa iji 


Jbo>V!jy3-7 

lSU 0^ ^ik, yiijl <>> cyt* fUfcU J! j>Di Jy 

• Cv*y C^'y oli-L: ch jaSS y liu Ijjj yds Jtswii 
S^Jb lM> Ujj j-jjll J^liS £*jI . 3-9 JiAll, bk,ll oyall il^j.1 Jjl> 
<d*t . Fnet = 0 yl Ik'L JJsw ybSJl $ fjfcjj , » ^jj[ 

^ ^ yy jM ¥' 4 ^ 1 cr^ ji 5 yy Si>lj Sy JiVl yb 0 >y ji ^ 

f 5 yJi j*) t kjtill £» iki> ixiud) L*yy ojUII 5 yJl ak . yUill 

Jlil>'5ll ay ^ . ^tull JLSb.lll a_jj . J£J| y 

4-»bwlj fM*JI jVjJl 5Jjbo ^Lu LfjJ : 0^1 ^lyju ^buHi 


.u-riUfljfckJjly 
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ifl »jl iji yj# 11 U3j*i j* 
0-y C*»—-5 **—*“ j J*k <J 6-# 

iJLk j _ 

• O '-)#* 11 ^ 


fiaiua 





:S -10 Jti 

lute J*j» J^ J* ¥^> 

• #t? ji** 5 * 



:3-U Jti 
. Ut J& iit jjfiii J^LJ jfk 


(<isyi) oJy 0"iy)*-^i j**Ji 



, 3-10 JiiiL ,>jj y l»S skj^j l— m&SH] 'iWj «y f* ufy 

. oLfj LSyJi j* v 1 ^ 1 ij" si«-» f c <ku <>y <*J J! j ,ji * J-“< i*- 1 ** 
JkJl JJJI ) . ft Uj>jia ji*a\ oy J| Kj £<S>I ’J iSfyii wlsSJl; jilj 
ji ^J>y vyill *'•» , (« Jy* >• kinetic i$M\ J Jy J)> * 
yj £ ( L»yJl ) ^JiuJI JlSa>"3ll 3jj y U*u_ji - i>u«U J>$ ^ 
^Lo /* yJ JLSa>i ay y i*IS)lj - i-SyJI f-a-Jl fjM ^ ¥' 

tf-J| J_bj ^1 (>£« yll yK *li cma)i y f t ol j£‘£ 

Lui jS yljill tfyJl O# £H . /; 

, c*j>ji luiDi /, <yu 

pull Jli : 3-11 J_SuUl CM li«J WjJ' v'*-^' 1 CA 
jjxU Dy«li ^L—Si y>j • j3U>)'l 0#—■1*' 0* 0* ■**#• O'***^ 1 

kiill J^j! J>- jUk- j-*^i lili . Jk j«fl *i*>3 Lfs-jj ok JSAII li* 
L*«li» k-ju—U lj_»j t j—>■'311 ^kJ' tr* Ce- ^ * 11 ^ "ajjV 1 
*_« Lmx>I y>"3U Llij 0^*^' O 1 •■‘fi 0^ k O^J • 
aoil jj ^ <5j>JI jly~<'l! Iij^Ul ijUt j fi) 'illil j>3l' 

. #SyJl«^ i>p\ 

fr+X kcjj ju*iO JL5J> , il ay CjL# <i* 0* ^y >** ^ 

#yil! ^4-^ Uj JSjII oL-i > uJI oi* Jy£5 i y'ill m UiJ>i O^*- 11 
yk lL-> If* j iyi JH 13-JyJI a^ 1 U^> 0*j > F N OjyJI 

JjLj \yl( Ji—i J! J*L*ll jrkJI 1#J13 13-12 JiiJl Jkij . y*JI li* 
^jL-u ayu uJUJl iUi J*L>JI jJx-Jl ^ ^ 1 & 

jlJ J! jOjJi *y o!-» sPWj • »j^ f w ■ w i • 3jU, i 
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F # »-(?,♦ Hi) 

:.VI2 JU 

‘H^yS»ijDl>F v ^ > -SSjU 
, ^aJl Js. J^bJl jk»5 


s 

** 


g-fll j-u ja-iiu dsa JJbul Jil 
. 4“«Wj 


( 4Spl j3p ^ily) »iJlU| jjjiJI 

j—* UjLxJI ip I ji jl 4 (jjJLZJf ^yjK, jjLj JjL»J| ^LJl 

: yUlii*^F w «^, + W 2 

J-5j £h 3 i F v ^4 3jU y-lti* 4 j /; <*Ul wjL^jJi ^j 

: jlL US Ij-sLjj JJj 

f'*Vth fk = h F n (3_3) 

; i^S Ifcbu OfUUli jjjj* buy Jb«j. > i j 5 >>Jlj jSJUl 

jp y c Uf-ilL oP*~J' i> Ji' »L p Jj ^ 

. yJjUil cHXf-J pull pi tjOAj 3-3 
‘ JP*— 11 <->^1 <-*p j-l* >jH$ i*jJu J«K JlSu^l jy J > pijJL 
/* P" ^ oUj-Jl j-k (1) : o*Jpl oi*Mp { u^jP 1 £*> Cp* 
Oui u*«u 'S ip F )V op u» (2) * J>~ p rk* j'Jljil Ok kpi ^ Ip 

J* 4 -** 11 o# u*MI p- i>Lu uf* 4 ^ fk J Ft t> J* 


iy jIjL £-. y-L* iyll J jL pj 4 &|j jjlj, JlSuHl 3 y ol*jl 

. jk LLbJI 

p v ..i > JI o-j «-Jli kiJu kiu> ippl 3yU pi Vli» 3-13 JUI 
. F n cjjj** iyb pi*» oL»ji y vJlill p UUli Lwyj . H ikii Sp ilU 
Llik LL-i iijJLf jli* j pUL Jiliu’i'i oi kiyi-u ps ji .; li< t| . j 
■ J* u ** ** > Cx*h up jpiy . JiH\ »Upl j & 
. F N =I{ jjj . ipi J>x jS' j y* 3 1l <31 L.. 1 
J! JLi PybLJ JlSi>l ^ oi 0 ^ lift- pli)l JL Ji m 2 
■ f.-mg jj\. JLi Jl <*jl*Jl p 

O' (ijJ/All ix p *ji 0#" JL ILk . 4 JWI :i» y I f r - g, F n * g,H jjl 
• ^i 5 J* l**l*3l c4Jj ‘ iyjl jp 


F,v 

:3-13 JLi 
. i> jLJi j* pH 
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t 



r 












(b 


dlfc^l pd ijiwu : 3-3 Jja> 


h 

M, 

cumuli jiyi 

~0.7 

-0,9 

lil» oL^> J* iUn 

0.5 

0.7 

<lilxi IjLtf J> jJU JsUw 

0.06 

0.08 

JiL>- yui> 

0.04 

0.04 

ijU yJ-9 Jjjl> 

0.57 

0.75 

4_»L> JiJL> jit d-o 

0.01 

0.02 

^ Jj. kjL, AjA* 

0.4 

0.7 


0.07 

0.10 

( ^4 ) jiAJ jk jOM 

0.4 

0.9 



8-2 j>**y Jli* 

JW vJUUI ^ l* jJjS O' ^ H »j*U bji Jii In 3-13 JSAll Jj ^ 
. 0.65 hJlillj L5UJI o* jS^sli-'il 2.2 kg M iliS V bli. 

ijj t W = mg * (2.2kgX9.8 ms * 2 * ) =22N ^ 4.JUJI jjj : jiJv* JVj*-I 
f t ^ k £ s 22 N : jljill y SjiJI oi» jjLJ jl CPl 

: Jj jl i»lj ji 

; 41 H aLLuI iyJ( jli <iitj 

*>£•»■*> 

, 34 N OK* J 4 JUJI J»bJ ylSJi ja»1l (jLk: >y jii 0 ! *jl 

oUajJaj 3-8 

JJljil ,>■* bj**j J» ^11)1 1 jtyu bfi tj^J ^ M £-»' 

. J>JI ^ 1+cUl 4_*iyi bWI <i^Wl ^Jiy^ o°j*j ji ■ 4 ^ iial 

ill ..II I ihjti V* L-j v»jl • 1 

. F = ma u^UJl JLt - 2 

4 df a;JUl i5*iJI Jjjull ^ ^JJ J> l«Jl JaJaill p-d - 3 

. D^il+i fMfJl J* yy H Jib iSjffi £*y ^J 
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( yjyi ) aJljJI JjaUI 

jyll oL Sj, j*jij yjl ^.**11 ^il^JI LLiJJ ^U, oUJIjl>J pUiO y>l. 4 
p—*JJ ^LJIk-kkll ^ 4J*1! tsyU c/lilw Ijy, JF = m# jyli)! .5 
OyJL F oyjl jp ji V-**! LjjjJ! ^Uli o'SljUll »m J ^yjl ipj yjl 
. m = W/x jl j*j 'ij i m/s 2 oU*jJL a jL£ll m ihSJlj 

• JJ oLSjll Ci'SjIju J> _ ti 

iaJjLu ^4 ji»J . 7 

J! 2 oljkiJl jiyli JJ i ISjAu* a>lj £>j jiS’i L»Ju£ I LlLvl JaJJ Ji 
^1 il^Sl J ijk> JS ^ ^ ^ . Jjyll ^-*11 utoU ^>1 f L*S 5 

. Lfu*»i ;> Ji2j ^1 lyj> jli jLai>MJ 



: 3-3JH* 

j-* ^ 30 “ L»jjj itfo 4 * 1 , ijL 500 N jjjks iiy] ^jjj 

IjJ (V) V JjjJlJI ^ Uj*ll F o*S u (!). 13-14 Jli!L o** 
i _«5 IjUj ; Olj^ jjy oyjl »j* JykaJl Ji ii^i! 0 j jSJ 
O^UL** , i * ' > 'I |> jUy*, jjjuudl ji jajii I ? IUaII 

. 3-3 JjxtJl j ilUl 

(l)e>jJl : ^aWtA JVjIuiI 

V (j'iljJ'lll ^ jjJuuJI liu ^Si-j LjJ ji o*j ; Jljw 
f '^1 illfu>^U i>yJI syll ^jLj <LLtll laiiiS'l iyJl j£j Uatf : 4^i>Vi 
* ft J Us| u£J If tij »4 cjU*SJI l* : J\yj 

• 3-3 Jj.i*Jl o* £b\) y 1*$ » f r =//, F n p t ■ 0.7 ; 4 jL>>)II 
r F n jauu) ^laiOu-l ^iJi IjuJi L : Jl|Jl 
. ^LSJI jjiliiJ liii lF y = 0 jjj i Ijw ^jLj <L>gJJ luSjii; oL>Vl 
• J! F n ob^Jl (jij Jiwi Jj frjjJij jjjy J^fcj 
■ Jjjj-aJl <Jl> y ^-uxiJ yUl Jatill J5i^ U . Jlj* 


• f-fe uft jyUl Ijju LiAii . 1-13-14 J5LUU y U5 : 

? j^l J jjoUl ijk*. UoO f( j5UI iySJI L : Jljw 
F cos 30° ^ £ -(0.7)Fjv : 

J Us! V ‘ F n j F L* J uM MI llik]SL«Jlj j>ji 


: F Vh, Fn 


F n =lV + FHin30° 


- 9(J - 










(<b'^*1) ) «i*0 j^i)l 

jli liJli)! {yp uj^ 1 ->>N i> yd\ Ji*3 J 4*)^ ili 

. ojSJl & jjilt Ib yil jljiU ji lSj^ W 1 vy 1 yl’ 

: J_tx>0 5jill iJjlw j Fa,’ jt o^iy^^. 

F cos 30° = (0.7 ){F sin 30° + 500 N) 

jjjjJI 

FIcom 30" - 0.7(sin 30 u )] = 0.7 (500 N) 
mm -0.35)- 530 N 

0.510 

' lijui u! F N jb*o.! 

F n = F sin 30° + W = (678 NX0.600) + 500 N - 839 N 

; yjxjil^l yjijiJl iijL-3 o* 

F cos 30“ = (678 NX0.866) = 587 N 
4 = f i,F N = 0.7(839 N) = 587 N 

i(u)«jjsJl jjilax* JYoiu.1 
? jjjuuaJI OU ; Jl^«i 

. jjJubJl Cii Jj ** fi, *M* F, v J! Jl* : ‘M*? 1 

^iL» Jy-i UjU^J j*Ul iyll ,3«.uJI £*j »1jil o>«J 13! 

. Ml 

T F^r jbjiw J* . 

. o)Ul «i* ji jt&i yJ . Ffj b F sin 30 u + W ; *4^]^ 
V LiiSl iyJl ^Lb l*J I* : Jljw 
587 N - (0.4X839 N) = 587 N - 336 N - 251N : Ol*?l 

V <Jjk«Ji j.ujuJ ^ : Jljw 

. jjjjujJI <li£ ffl slu> v (l = Fntll tri ^>li)l iyyj u^Li • 

\ m i*jl) Li ; Jl*w 

. m = W Ig ji W = mg ij%JU ^ ibSJl kyy : 

m = (500 N)/(9.8 m/n 2 ) = 61 kg lb. 
. a = (251 N)/(51 kg) = 4.92 m/s 2 j J*i ifJjJI pfll* Wlj J»Jl 

: 3-4 Jli* 

^ £.% U*x*i rn 2 = 2.0 kg jlLSJlj m, = 1.0 J^l ttS jU& 
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(I) 



D 


(v) 


(yJJ jJjjy jply) AJIDI J*u)l 

jiJUli j_a J-S o±j JL£»'ili jL£j 4 i3—15 JiAlLf 3 _» La' Liii ixai* 

O *-** 11 J! £>l*J o^L-j m, F ay okU . uAlilj 
? uylliJI on i»iUil Jiy iuJ U (a) V F 5ji)l jlji» U (i), a * 3.0 ml* 2 

i ^ •■•'' j JV i l~li nt 

* M s 3.0 kg <iiA J,*!j ^ Mabu > i Ua olfltaJl : Jlj- 

■ (') O * 11 J ‘ p* ■ M *? 1 
v F ^uju ijjht Lt ; 

. F = ma * (3.0 kg)(3.0 m/s 2 ) = 9.0 N : ylDl jy(j ; AjLvVI 


JT 

j I Fuu.t-wjjr; 

W 

:3—15 J&w 

j--* J—il j —»A **-^11 jjy kkUl 
l*Ld3 

• OH 


V l+l w i&v JuS . 13-15 JiiJI j} WI ai iikcLalll iyi\ ; Jlj* 
jaL^JI k-kxil jj uJLi J_£ Jj_C jj£ okiLsull uiw AjI^I 

jJUJi jjj L > i<ijl 5y ju>>ly ±'i , <j ^UJi yji 

. Us jUijy LflS' 

V m 2 vJUIlrf jM\ yJI y*!! ^iUl lakxll Jii U : J\'y 
j+Jaj 'll iDij . Lii m, yy F oyJl , y3 15 JSA)^ ^ lit : AjL^VI 

. m.j hJUJO j^LiJl yjl y>jl kkv« jt 
? F N f 1 vl.JI i±Jt L : Jly 
SAa>yi 4_ail'lll SyJI jj) i j^-jLoS’l jJUJl JaiLxJl iy ,yt F^ . AjUVI 
ylill $y* iyiUI y> m 2 ii** jP AlyJil ^ {J 4>J m 2 j£ SjSjil 
? Fs jkw ^1 iljlnil U : Jly 
. F n - m t a = (2.0 kf?)(3.0 m/s») = 6.0 N F jV : AjI>VI 

C m, ^ic iy^il JaiLsuJl ly Jjju] lj(^ ; Jl^ 

■ m i J* SjSU "wL-iwj iyLa SyJI sit J Js- «±JloJl j tyj ^li jkLj ; 4 jI>VI 

rn, J^lkll yJl ^4»ll klxvll Jii la ; Jly 

. _^3-16 JiAJL U* : Olt-VI 


^yKt La) F - F jV y L»j>j m, ^ 5yJl jl Jo>-*i > AAiLUJlj 

: m, *1^0 L-JL 4 . ( <JUl 5 J Li , ) , l 

F - F* = m,a = (1.0 k#)(3.0 m/s 2 ) = 3.0 N 
. m 2 AliSUlf Ci?L>JI A^uJl £a jilu la yj . F ( y = F- 3,0 N = 6.0 N li*j 


: 3-5 J li» 

JiLJI Jaxi cu.'j <ii>J ^3 . 38 mi/h L»jji iJyij 3300 lb L^ljj SjU- 
ojJiyJ ‘li)U . UL»3 oJilw ji> 3jl*Jl oii>jJi oj_1i Jjljill 
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( is J>ii jiji i jlljJ ) *4^1 

XiLil L> . Sjl+JI jjj jJJ 5-* 0.70 J\j> Ujjj iyU *•>! 
. * jy>* J» »M ji tfyJi jl j^i Y Cl*j Lfiiy; Ji 5jU-Ji 4 a 1«5 y)i 


i yriaiai* JVJlujI 
'■ 11*»i»i ^. y.ui \ i i.s! i 

f38 mi/h L»ji «j— ji UjfcU .Uii i ; UJl ^1 oLII * : ol*]ll 

.jWI J! 

Y AjUJl s_iiy jiJl U : 
jj »j* °-70 ^ ^^ 1>l " j y 

Y kjJI y oy)l »i* iuji ijjJI Ijfil U : J'}- 

F 

AjiiSl 5yUi dl£i>^l jl <±»i >). a =-j^ u>^ ; M*?' 

. Fm = 0.70 Wear jjl » Sj#>jll 
Y L*le >j> 0 JyS . ojUJl ilaf iiyu ^ ^UJl jijl jjiS ^ 

.msff/g o^UJI )> 

, Li^ ^UJl jjJUH fliAlwb a ^Ail <>U>i U J$ £->• j^ 1 ■ 

L-tji Ijujli JLi> J-* . 'i'kf** Jlj U liLw Jiy OjAl-j jiJl (>)Jl 

. UjUJ wjIUI ULilf S/(f« VjJI ;IjL jj >31' 

jIjuu 5I^Lm X iuy ^Sll id&ll iJbfsjJl olj 3Sj»JI <IjOm : ol^JI 

: ^ ^ 

i» 2 -d 2 +2a* 

. x J| uJIj <Jjl«l! al» J> jJliit Cyilill j* a 

Y k-uxj Jj> , LJlfri* Jji oljL>yi JOJU jl jt ; JU-< 
J_y*j L-i-x. . wjLSJI (jl* SI o(jy>yi pUfci liiS I pi : ‘Ul*)' 1 

LjJ . ol»lj* I 5JiSLJi Jfi J-x»J jilXj • j^ 1 J! IjUO uj^ 1 
m/s JJ mi/h »a> J< Jipo 

J»t ^ ^ - 1 

W (m = (3300^X4.45^1JM = 1.5 X 10 4 N 
v 0 = (38/^H1.61 km/^X1.0(^3(jOO s) = 1.7 x HPkm/s 
= 17 m/s 

: ^yt OjU-Jl ■dli _ 2 

J|f _ - l-5xl0 4 | q x 10 -h kg 

Mr u 9.8 m/s 2 


-99- 








(iij>U jjyjj jjjly) DID I JLII 


F n4 , t = -0.70(1.5 x lO 4 N) - -1.0 x 10* N 
, x kJUl oUo'l'l y>i Jlii»Hl "y obwjl u <uii» <JUI ip)\ 

: y ILxjJI _ 4 

m 1.5x10® kg 

: JiSjill Jj ijUJl Ifnl n L yjl 43 LI I ; yj| . 5 

...."‘-"t (M17m/s a ) 

x 1 ■ 1 - . — l l in 

2a 2(-6.9m/s 2 ) 


4^u5j Ji-j ^Jjfel JaJI jL-Si I bu Jmj jSjp JL r~>y. Jill I Ijjk 
. Oii* JiL-L aYiL. J! ULil oLli J*y3 



98 N 


T 


49 N 


M M 


:3-16JL 

j'i-L' y-i jL>— 

. j#* fk Li .laJKI yi ji ' i l li rtn j 


: 3*6 

j_L 3 -U* i 4isDl Jf> yy> y 3-16 Ji*lJl y oliliill 

y—u ILft). ^j__iLi5JI iLc jl>« i . JlSLft'ii tiiSJi Ljju iyj 

(Jjjiiyi 
»y&u» JVjCLi 
V Jy"ill !> (iJL>j iixt (Jiliio J» . Jl)- 
Lr uL jljliiJIj llJiit i Jilih.n ^ J**Jl ji joyL |j>u3 . 'i : 4 jL>^I 

. iUJl 

V 4l>jJl {jjju jjJl ijjll U : 

■ 3j> yL <]ji Ji y* ILL ylfll jj yj (jyli 

V jLliiJl y* ijiJ 11 y U : JI)- 
y liilj 4_>w« T J**Jl y aDIj . Ji-i JJ mg jLl^JI & Ji 

. <jJ jLil >JI jfi Ijjuj4 JjlxII ol>ol 
? j ]~t~sn ^ JL ^liJ| jLl p iifrll yui DLL I Ji- li ! Ji)— 
jJiLJl y jyji jyj |>jl^ l3L>‘i . _> ; y3 16 jut y LS ; 4jI>VI 
. J*>JI Jo- Li 

jjJ&j jJLl J[ 3J^l—- jjlliiJI iii>! jjiJ *Sj> ‘till : Jl)- 
<f olfLul) uu> Ji olLiHl jLiio Jui . Ji-i Jj ILL 


Lftjj-i J-|/ Jl*»! A y> <LJ| jH* J<Ll ji 50 yL y ^1 * 
, jjLii yu ju bjLu Jjl*ji y juiii o»)i yj y *jli syji 
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(jjw j^iy) aJlill 


1 

- )J-> jJ> jj—iliSJ* j a JJ j-lf jjtill j ij& jyli jjxiw L»l 4 jI>^I 

ii 

x_Ll)l j'i lj_Li (LfjTjlI 4 jLu£L xU Ji iij> »L*JI ^Ui>l LufLj 


• J! Jj>*il j* 10 kfl 


? jJJbJI j^L jj jillil j»^u jjili j« jli>ul]Jl jliljLlI L* L ; Jlj-< 


98N-r = (10kg)a : oUVI 


T - 49 N = (5 kgto 


Ljl jJjLII jjjL J> k_L>o . T • a La jyj L* 1 )! 


>->j iu_>lj <JjUj T «_ji> jjjJjUil i 3 LuJLU}(j JjvIi 

: a Jl <j-JL L<JL> 

98 N-JT'+JI'. 40 N = (10 kg)a + (fi kg)a = (IS kg)a 


400 g 

“n 



‘ 16 kg ' 

: Jf>Jl Ji juiJI *AUI j^lbLlI ^.A>j ji a ijP yjyxill cui jj 
7 1 = (5 kg)(3.3 m/s 2 ) + 49 N = 65 N 
m, ^JS'I dAJi culi I jj ^LbuJl lju* cJa£ LIjUI oUl jj^-aJ j* L ; 

p m 2 jA-eS'l xJJJIi 

:W 




:3-7JU* 

IV -(0.40 X 9.8) N 'i JjJ* jJU Lb^i 3juiL 400 g chS t^US 13 17 JSuUI ji H 

j^jJl ji»j« . 200 g Ujji <il5 jj jLujj xliill Luxt 

k*>JI UUI ittlf) V U£U j>JI ^ j«;W( jjxkiJl _>3-17 c y3-17 
jj ijui J-» (1) t fi/, s 0.2 i n, = 0.4 lu «i)l5u>‘lll ^L* ji 
'* u_>tl£J xi>^ <uj Li ; lcji>i»[l Ijjj (t—>)V jj—Jl jj Ojj> Ijl 


W - (0.20 x 9.8) N n 

w m 

:S-17 Jli 

’ll) L_S>3 ds^vi iji jl j* ft A 

UUjW . VM 

. ixuaull AJJ ^4 


? <U)I xjS15lL>I 1 ijSfll jl J>m L : Jlj- 
^jxf— Jl jlj i oiLS Lfx 3y ji Jj rL*j V jljjJ ji JJJj «* : 

. luiJI ji j_JI iLkJl ujju y> LfL jj> Jl 
tyWJiiS^^fj^lijJIL Jlj- 
SjiU JiS’l Jt OtLx yUll Ji lujJl LfJ yjj ^iil xlll 5y jjij jl ! 4jl>}ll 
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( Jiyj jjily) wJUJi J«mJI 


.4 Ji£>)U **>^1 

'.‘ IuJk'i y xJi jiiii ^u«j jiu JL* ; Jlyj 

0 * ■ 200 kg <L£Jlj wLliiI y» J£ jjlDl Jiyu ^yii JmLuj ; <ul>VI 

IjljJu yj_L ()i law y I 1** jlSyw ^ l»*»Jl 

. i£j> <)l> ^ USj ItJuP jjj^Lli 

• ‘A 11 UF^ uM 1 (/ Ju * 11 i5j(-* & '**< J* : 
i^U LkXu »1 j>j 1 iliiJl ^ISL>I } D^IJI lilt t uu : iuL>JI 
. JyaS jj “ <^ji>Jl » olj^U 13* . klJiU! ,jlyu jylil UjJ? 

V yLiS)l Jt <uxd3 ii*• ytUl ayli (j* Lpk ^yll o^ljUil l»: Jly» 
, jll F n r w = (0,400 kgX9.80 m/s*> = 3,92 N . 4jl*?l 
, J»H\ »l*WU T-fm (0.400kg)o 
? 4ii«Il iJiiD 4 ju*JJU .ylill jylii yJl <Jj1*1I L : JI^j 

UlUll . (0.200 kg)(9.80 m/s 3 ) T = (0.200 kg)a : U»VI 

i-juk^l ^1 LLjyil jj Lui i^LJl oL^I ijjftll UjUII j illjtfj 
Kji p-k* J$ j£aj j3ll tlaJ'il ill j y olfXul! 
? <o2uitj>i < )ll illxll y JutJl 4xjJ j^u.»> 0U . Jljw 
. T = 1.92N &LJI lb*)'c o-OUUIIdb j 4yl*VI 
* <*yjl Jl£l>il oy uJ L : Jl)- 
f ( *H,P N * (0.40X3.92 N) = 1.6 N ; <jl»?l 

3j_) j J> lIxxJL ilLu^ll L^W*» 'l Laj>j ayJl oj* ji Ax*)' : JaJI 

<-IL> o3_a cmU lj[ I3L »_j_»j *_>jJs ^LJl jyyJl JijJlj . 1,92 N Ujjjj 
pi ^ v^/r! ‘-ty— 1 i-»Liill jl slLIj . UUyj J^xi-a <i» jl <^1>J * AjSu/LLiI 
ill£l>'il SjlpLJ. jj >I jy x>y 

i(u)e/>Jl JVjlImI 

t sjjIjiJI <5yJ oyjj jmL Ijli : Jljp 

: jiuJliJ i)l£l>l oy jiij-k iy ; 4 jL>VI 
^L: oJ T i li,lj . 4 Ch J*' j*v f s h h = (0.20) (3.92 N) = 0.80 N 

jjllll jiyjj (jyU jl ILL Luij jJj I Jl* . I yuJ Oju pJ a y'il jLJI 

• r j a jl* ,>}lJjbu 

■ La T j a jit j|)LiyAw jliill jLJjLlI i3hitili<llj JaJl 
1.92 J’» (0.200 kg)a j T - 0.80 N = (0.400 kg)a 
: r xUI vji *4 j^jJjLlI j^L 
1.92 N-0.80 N = 1.12 N» (0.600 kg)a 
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( Oj>JJ Jiyj jjjly ) oJlill J^a)| 

; T ^1* J-a>J j^itaUil j» ji jj , a = 1.87 m/s 2 ^Ly il»i 

T - 0.80 N = (0.400 kgX1.87 m/s 2 ) = 0.748 N 
r - 0.80 N + 0.748 N = 1.55 N 

oyljjl ji jj* Owi jt jbJ 


: 3-8Jii* 

ii SjL-JI jl 3J>j-Jl <lLLb > “ i j-jjt *jl*- kiol* ji ji»ull *Ui 

0>uil ijL-jiJl* Liyay j-^jkll jlSj 4 20.0 m JJ? Jyjkll jiP jl>j3 j?l tii$j3 

4—I.U jj J-#lj3 J-Lc 3J_i j-di- IljLo jJ jil_Jl ji UyLaJl cuiyjl . 

£*IsuL~* 5 Jjk . 50 km/h j_« oJJil JLb <*j-JI j> jlSj . jbjii 
? jSLJl ^le lc-Jl ^kiu 4-lj* jij i iiuLa!i 

i j jI a m JVjLL/I 

V JJjiJl Jji Sjl^Jl iUj- j* oljkiul j# Jjji j Jl 1 jyJl L : Jljw 
u'f = o* +2«i ji i x . a * Vf t v 0 Ja &y»S j^JI DjIm ; <LL>VI 

. Vf = 0 . jLvjJI oLu X ,iu> 

V 5lUl J J^bjJl jj* U ; Jl)- 
. Ufjti La j-Sl : 

f J5*sli ^Ja j?j* j^.i ^1* iSy^i 4Lu)»j J^*Jl j>^l M 1 U . Jl)- 
j i-> JLii>l j J I f i».j; Lt JLkJI^ , iijjJJ ^Ul Jjyj jjili : <LiL>Vi 

• JoWjolj^l 

(’ oLJjJI lit J ik«» jlil sJjLoli l» ; Jl)— 
f = fa F n = n k W^j tijLy Syll jljJu »iy> i ma ■ Fnn = f . 4 jL*VI 
. m jjL- ijLJl 
■’ W-'jjJ 3 jLj~JI <JjJ jLmJ JJ ^ll>J J* ■ Jl)- 
l*Jli ^Udl oyUl\ LJjIu ^ jfki m jli W^,. - mg ji du» : <ol>Vl 

j- .-u.v J 

V JlSJcvKl J<Lm <uj U ; Jl)- 
. 3iL>Ji 4—1— j->JI JjJLU fifr =0.7 jl 3—3 J^j>Ji j —u ; “OLk^Jl 


: Lt JLvJI oj* L+J* jbin jUJjUll 'liaLWljiW 1 
n = "/ i *fi j' m a ~Vk m & ) i»^+2o**0 
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( 4S>»il ) wdlill Jrfill 



0 


:3-18 jS-i 
O'.** 51 

djlttlUi 

• r^J 


olfjfall jijLil A>£*-3i)l oljLt^ll k_*>o . -x aL^J'ill «a aL>*J' :L>Ol 

^Jsjd ojLUI i!jL*ll Ul , olf^all o'IIjLm ji jaji^mIII .ii£ 
a = —(0.7X9.8 m /»*) -7 m/a* 

: o' *n i^»j 

®, = 1217 in/s*)(20.0 m))«*«17m/s 

: Jt J—»0 km/h JJ v£Ji oi» 
o 9 = <17 jh//)(3600 s/hKl km/1000 /h) = 61 km/h 

, Jjjiil Ak>J ^ A£j*JI 1> Lkvi* jlS jiUl jl jl 


^lj jjjll 3-9 

ifjLi* pL>Sl jfij Ljup jj^Jl ^IjuOI jt*.o Oajl» 5^*Uo UL>i aa'-U 

It JJ l^S^Lil ^3 y'jJjJl *tiil iuliill ji-Jl ji ^jj! pliAj! aAjIu Iwl £») 
. oji^— a! 1*I Li* t^iSLii till llj k SjJb ji oaj 

j_* L»5 juuu Ji_-> J) jbu |u*> Ul> liut L^i jj*U»]l ol» 

. |u*>JI jjj jjlt j*~*j U o'}*!' ®*0* J*" 13* jij - 3 -18 J&JLj 

A;* -■“ Lillw . j- ->H ^jJLe 3y Aib UjL I liijfi lilH Ijtij 

. ^->J) yj^b U* Wj» 

jJjJI jJi spjll jjiJi w3-18 JSLDb y*II y*JI ^ j3U' J»UiJi 
. t c^sjj * J! j—iii 3>ij iv ( >JjJi ojj ) *#M»y • J-* 0^' b*j 
t 0'j*H 5‘'ji Jjt-i J! JlkAJ' ^ ji JUwJl IfA aAj yjl 

4jaZl! oj* yjLu yal) j^aILII jj^l y^l 
&L jjwxII : 1 iUbJi 
JJ !F y ^m&y ibUll Jj*j2 i aJLkII ^ a v =0 yi tiy> 
T W = 0 ;i l¥ y =0 

jy JjLj yjJJ Ojy j* 1 IV O'}*!! T = W ^i| 

. aaU jyyi ojjLaJi 

iub itL5^>i» JawUI : 2 itbJl 
JjUI JJUall jli y ch* 4 lyu> iLwJI i«0 ifc>J! o' 

JLL»J j#uJl jjyi uui • 
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( iij-ylji) 

Oj^Jl jjL-j lJjJiUsJI jjjll *1 tfl. W jl>ll "*»!/ Opi La 3 *k* 1 «JUJI 

•>» 

Jki Jl lijLi* j*« 1I : 8 iJUli 


jlj lUji L*L*Jl Jl ^Jjll ol^l UjS*l IjU . a v >Jb >/J 
: Sjj-aJI jib IF, = m 8y iifaU!• 
T-W^ma, 

: ji <l»j 


j/UsJl jjjll =T=W + ma y 

JUwJI o' ^ >J-* • OjS-JI jlJiP 4mjS 6* j£* ^ u^ 1 j^J 

L»jjj Dji» J,}i LjjLoJ s/ jJij Jl iiU^ JiK). jlj -LjjUJl »/ J V^N 
) jbi\ J! Ij-ljll U*aJI vu-i Jl T- W 

. ( Jyii “L*? 

Jiui Jl UjLlu Juuall : 4 SJWI 


L* IJLj U**JI thua; iLUl *JL>Jl L£ lb(-^ J! #1*^1 '-I 

: jl a*; IF, = ma, o^Uli jij 
T-W = -ma > 




j Ojjll = T * W- ma y 


. *ok 5^)11 4#jl*JI 5/ jA Jii ilL»Ji ^ ji jJjII J/W uj^ 1 J i> 
i_5j>Jl j l^-g jj_£j ■*■ ■ -- j- j_>JI J»yL«Jl DL> l-il c/il*)l j* 

; jli W = mg jl vl^>j . Oy = g » *#iM 'bj'-* 1 
T*mg-mg-0 


Ljjp ? ja-xii jp ujn» ^ jy-ii >^j yr*b ^ * ojyi ^ 

JLiiil £# Li—< jJj t ilUJl y4i / u& /Jl J>y- *IU y* & 
i>\ySk>+j Vf-Jl IlfJ t y 4LbJ jbi Jl ^ j<3bJl jUL J-all 
US Ijl jJLa- ibJ 5-^xuJl oj* . jj>ll fi06 yjl ]&) jiJI J! yljjl 
jljUl Li> jjJS* j->J< J»ji-Jl jj> ji* yjl ujj y- 1 ^ 

Jl jljjl jljJl jlj ‘ ^ ^ ^ ^ Jl >‘) 

. JU3I ji 

jj*LW jjpi ji j-SbJL ^ 4JU J»>ll li* 0> <> 
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J 



mg 


:3-18 JUl 

i> Jk Jt. m*. iiy & 
j-iy j* u'ji- 1 - 4 j-MJ 0* ¥* iiJ 
jjj—>** j Jk> jS^ j Jy* 

^ lijUi jJp > 

■ oijy^ 



. J1L AS>ll 


*Lili jj}}\ ^IjuuI ij-S oa-jiJiJ ^y*) ■ <^*U^ J* <*j> »jt y*.) •***"« 

; Li j>JI l>jA<Jl 

i^ojUJl ip cits' Lilt (jLJI lijLi jjj JJ) <jjjll p-** 1 uj£» 

. ^*11 J» o^pl i*»jll SjDl ^ 

£_iA*j L^liall jLjSt J-U liul j*Lu! tyJI tj» i>l £>t~*Jl J-aiJI y ii)-/j 

t oil. {v y* l 5 >i ytfyii J j V ’W "b ,jil y 

OjjJt p jJlu J ‘ f- 1 ^ 1 ®PP' "^j^ 11 »J» Ojp 1 J/i ^ £* 
^iJu jjJI ^oJl jl5 IjJ Sji)l #j* i ojpl “M^-L lSjJIj ‘ 

l/J jayCj yi O^lLsJI Lulli Jj* lji-» Jj£ aI^aJI 5La j&lj . UjLi* 4jjy 

JjU Jpu* jl* 4 ij>JI 3-10 


Ji*j t A>lj Jy* jJ *S>JI (> fl« pi ‘ j-^ ji i J5L uS^U SS^JI 
jJ* fjrfjll f-kpl jjj jiWJ ® kjJJ ijjl; 3-19 Jiill 

jixii I 4 / jjp y i *jj*ii »pJi P US i JiJ J! uJj J|) U m S y**ii 
viLfs jjufU oi t***) ■ j-^ 1 J* ‘wy* bfi ((-fU" 9 •V*) f-* 11 
jU_>ill iiiU jJk X jj_>Jl jl(A>l yk-^l (> <ili i jJ>HI ‘k'l 1 -' 1 J* &*** 

■ ^ lJ^yj}>Jlj 

<jj lllil jpJI £±A* Ji>J v^< kU»il «<p»IV iL»pj 

ol JiAli y ^ OiV '^y *Vy J!^)| ywijj^i 

jL-i J! jjuaill i.lii-1 J* mg sin & j)Lj) x l^pi Jj ijl*J p i mg jjp 
c-Jli IjLl Jjj Jj> . -y akJ'il y mg C 08 9 jjUj y ^lj (-* *^1 J ) 
. +y »U3*il y 1^15 jpii fjv i>ill kl ? JliJ< IL* J ^ ^ j* 9 5yljJi 

Ql- ji u>y i x »i%rti y {)^i J iii di^i itj o|j 
, (^,jUi ui> y is^ij p^ji y* ji) ^*ji *Sj* y kib 

: jrfjyJi fi>a y^ii»jyJi 

jj_5j ,ji t.».»«i i »jj h> 1 jx>ii J-U aL^j'iii y iiyji <ji -1 
. Jjfi oiji jplU up> iy ^y y lijii! 

^U3l jpl» Ift^j x iAliUl jk *i^ yji - 2 
3-3 JIm 

jiiiL iifji s* f-^ 1 y^ “PP 1 ^P 1 ^ ob ui 

<<jl^ Ji* jj^i* yj Ji-l J] p-*)i fj^UI i>P ! v-> ( (i) • 3-19 
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( ) LllD! J^l 

. jj>Jil fli ji> p»)l iij~> Ji*ji (y). 1 m Uji oLu 40“ UjJ 


, oJlfi ^JiL-Jl y*jLjili j*J>5 y*d <ui}Ul obUll JViLi' 

Li . (mg y^Jj) F iV = mg coh 0 ^ J Js- »Utii j 


^jLj soju-J jjJUl oiJ>« i JiJ J] mg «in 6 j- 1 ^ 1 ^ jjb* 

: L.J ILpju sb^i dJj J p>Jl 



m m 



CwJ*JtJ ^Sllj j>lj J JU J o'ijUu jJj j L*ljiU ji*s! *M 

; LL 

vj = u 2 +2ax = 0+2(gsin 0)x 

^iy t Ltylj . LSj*Jl »Lol j Ji-«i J] Cjlji +X jli>y Lt* 

• J xfO v 0 = 0 

x «0 + ^c< 2 = “(gain 0)f 2 


) 



v f = 0 + at = (gsii) 0)t 

; 1*5 jJlj-Jl LLh[ 4lii; 

t=—^— = 0.564 s (i) 

g sin 40 

v f = [2(9.8 m/s'^Xsin 40“K1 m)] 1/1 = 3.55 m/n (y) 


: 3-9JL1* 



. pLil o*jl (I) . 13-20 JliJb on* j* L5 Jib iji-i ^1* £-»j 

j_>y (y) . ItfLi JJb yl JjjJm j J) w*—*3 0 ojlj y£*i . /i, t dim 
j^uSl 4_L ojlj Lai* ji-i J| Jill! yjjS-il J* jjoiJl iUJ |il*!l ^ 

; iLLJl UjDl (> 

i(i)*Ja*!l ^iiU i* JV-lU 

v jjLJb ^Ll! y>Jl ^ ^W' ^ U : ^ 
jLjJI ^ Lib yy 5)lSo>'ill jl . y3-20 JiilL ^ J*k>J! li* : 

ojjb jj o£i p |>J . •t*' 1 y-^ J) OiH-^ 1 j 1 ^ 
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( 55yd! ) kUljJ! J^iJI 


v OlSj ji jjjjuoH Jliu ^i> >7 LyJl L» ; Jly 

0*^0^ yv Ia# . \yu> j&j J i_l»u -cdc ijijl! Sjill yLu ; 5 jI>VI 
•'/-» o' v**i *yM y jx 
Ujti I Ijjk o^Uil j\ ■ Jlj* 

. mg sin 0 B f ji>s iiU ol*jil : 5 jL>V! 

. F n * mg cos 8 jixiil ^JLf oLxi'Sl y 

1 ‘ f JlSdx'li ay Ijlw ; Jly 

(ii f i>L; J . jj-a5Ldl ^iaduJl jxi F n kiLaill 3^ f fryuj . oL>Vl 

• A*# Ujji <*i> Jb »W Sin0^ jlpu A^ijy Ujj 

ft - n, Ftf j^LuJ jl v_x>^ Li jjS I j*-£> t«Aie : AiiSlillj J*JI 

: ojj • mg »in 8 C JAJ J] jjS-Jl al*jl J ^Jl 16jt ^ jISJI; 
H, F n b ^ mg cos 8 C = sin0 ( 


a*1 mg cos 9 C Jfi 5JjU1i j}> i*J0» 


—r^stan 8 =u 
cos 6 k f * 

o£" * 0,j£-J! iy'j i ojlj j6 i <uUj 
0 f = tan* 1 ^ 


i(u)*j»Jl ^ibJL* jyjlul 
? 0 C j£ J*!' iy!j iijLjj Juk ^j*ju ^jlll ijobyill o^jlxJl L ; Jiy 
, jjl . jSuaUjj Jl5l»l Jl j j5u3U-/ill JLSix^l jjJuj : 5jI>VI 

f~h m 8 cos 0 

8 > 0 j Jj Lijle 

V j'lj'll ji JjiuJl Ijjj Lik j Axil I alxJl y ayJl yL> Cui L ; Jly 
ojU-ll tLxJ^I Uykl Ijlj . o_>^lt al_*jyJ Ijjluxl Ljiyi Ia# : 5jI>^|I 

: jli lf>y Jtwl Jl jAxiaU 

F ml = Wsin 8-f- mg sin 0-g k mg cos 0 

f oLLaII jj <1^)1 uL> jj 1’i’iSi ; jili iid I Li ; Jly 
: ^liJi jj^ii ,jvli : 
mg sin 8- g k mg cos 8 = mu 
. j Axil I i«UiUl jic Jj—/i JJ oLiSJl a a* am> slxjl 
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( IS J*D jjjjj 0*'^ ) lidtill J*^ 1 

; a JJ <f-a)4 *JAil iik J*V 

a=g(sin 0-ft c<w0) 

oiiiun5 j->Ij ^ J*m J* <W" w ^ 

0 «JUII ^ oLJI L^llll »L* • 5j>l ) 0 * Lu 

: Ll*JI l*l»Jl 

i a = mg »in0 j ft * 0 5JU1I «i» j» ■ uUi -1 
3-1 ^^yll Jlili j W* J«*J' *WI 
fj cos 0 = 0 I sin 0= 1 uM = 90 “ $ ^ • d*^ 1 J-^ 1 ’ 2 

. gy* y us yJiby-ji yu^fl-* 

, »UI lSj^JI JaU o’iull 4-ljJ tiilj J*il' O' 

: 3-10 J^ 

Ujji 40 m 4.0 m jIA* ^ J3 > 1200 kg BjL- ^ jI* 
Jpi ^i> jjl^Jl ^wll By jIA U . 13-21 JSJb Oe y US 0.50 m/s 2 
. Jib’ll J*»! V iM »i# 

i JV^lwl 

• ttfLJI <Jl»Sl (|>p JSjLI ii* p*» : J 1 }*' 
*L^| ^ ( ^Jj Juuj push i*K ^ ) P <1>U By xty 5jli »i* ,y : 

. J*i Ji J5Ui jy-i 1 

^ USUIt U . J-Sll <-ylj <-»/- fj^ *>M Oj) jtfy : ^ 
V jj*j f-jll J BUauJl oliLil 

: O' -UN *<)'}" *** ‘-V/ 3 <>* : 

sin0- =0-10 

40 m 

pj| p^JJ ^LJIL-Lxll *3-21 JSJI Ji*y . 0 = sin >0.10 = 5.7° : -oj 

, jjUJJ If-Jli 
V ii>oJL P yjJl iaji Jill U' U : Jl> 

. jsll jly »LjOl ^ ^ j 3 ^ 1 &P *j® ; W 1 

\ ijoii iia (> 4^Uu-»i o^i' 1* : ^ 
; 0 i xn M l*y iibjJl J3ll J* J^ 1 ^ J 1 *^ : W 
P - m£ sin 0 = ma 

, ( j*. Jlib.'il o' M*' ^i>) 



H sin 0 

M 


:3-21 Jti 

> p ;>j o-^ t 4 ^ ^ 
.PO*^^ 
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H 

•3-22 JiL 

J jioJl IX-Lfl JyUll ji uk 

j—i juLJi I . a JLi iUl <£ya JJU3 

»J* £*“-* ^ ojij ji yvi 

j y •«* ’ ■ ) 'jjj i ^ 


( A5jJkJLI yij*> J*}ly ) cJUl J*aiJI 

. jl F J] 4 juJL ioUl iljLil J»u ! 4g(lil«llj JjJl 
P-ma +mg sin 0 

= (1200 kg)(0.50 in/s 2 ) + (1200 kgX9.8 m/s*X0,10) 

- 600 N + 1200 X = 1800 N 

jj wiJIll lju ifmtill y lx*JAiwl U J5 . 6 'it# jLfcJ ^ 'ail Ja>^l 
0 uj <jjKt ^Li>j i_iuai l *y 4 _jJ9oaJI j jili jLkj] ojIL IjJ Li. 3-21 JiiJi 
BjJll uii_L> . pXll £JjJl JjfcJl ^ yljjJI ljj» . COS 6 olajJ 

ijiJl LI# 4 Jiwl J! JilJ SjL-Jl jjt iaS^y* JjLill Jj*J 1200 N 
. LjlUi <1 >aJI |rlUly 600 N Ljjjj i^ilDl 


: 3-11 JUU 

. 3 22 J5LUL y*a j_» LS \iyu> 'XiL tSjl-a JLc 50 kg uliS liili jyiyt ^ 
Ol j*/i JpJ* ^ J--JI <u*> Li i 0.70 Jillj yJUL'l y# JlSa>‘i'l JaLu j'i bis 
V jliill lii 15 JjjJj yJIDl 

i tjil-M JVJluJ 

V cyll jILL jL jjSail ^uy IjL ; JI la 
. IjjL? ijjLj 4 LvaJI jl Jyil <S^b 3jj» . ljl>Vl 
9 yjj liLail jlp jjjliii y jJl I Jail jJ L | Jlja 
JlUl Jjl—ail Jjljil yakL^^I ^ P„ n - 0 ; JjSl y_Jj,u yjilj SjL*)|l 

LftjLlcL J 3 L — »- v 4_^yU3jl ipj_aJl Kt JjLl; Jj'll jyLJl yl till j . iiif ^JvwJli 

. il>U iiyajl jL ^£^1 JjjoJJ *illjU 
V ilUJl cjj Js JjSi y^ii)' L ^i i -x v jill o'ijUil L : Jlja 
(v-13—21 J-S-i) vJUJV yjLiO' j_>Jl |».a. > JJ ^yiLJI lalljJL liLla'iL : >jl>yi 

: jie 

T-tVsin6-F-0 { Ji’ll j^iyi 3 U 0 MJ ) 

. Py - W cos 0 = 0 ( JlUl j_j*«Ul ^ j jjo*Jl ) 

V oLkul y* fly Ul yjjAj ySae J* . JIJa 
I ji! 4 »-JUII yi vi>4> ' 

/- (U* P.v - Fk mg cos B 

: ^JLg J. / »> 1 * 1 JJLl j yi- i l l jjl_jli obfcJ^L ILsliJl aJ jlaJLl y* i l**iij ij j^ii 
T = (0.70X950 kg)(9.8 ni/a«X8/10) + (50kg)(9.8 mM)m0) 
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w 

:3-23 Jbi 

t ikh |j Y > » L^iU j» ■■» ir J 
■ jji-J' Jt yfci jl| 5 kg 

y<aU3 ^11 kU.ii |yj 

kkiJl 7 kg iliiil j j yllillj 
lS j yWJW >J' f~*U 

. 5kgALSJ 


( A5j-> 1! yj vy jjjly ) cJloJI 

jli *4 ^j f kjljll ‘-‘irt* Ji*i lili \Sy j' 4lii n Ja 

: j» W! 

r * 270 N + 290 N ■ 560 N 


: 3-12JUU 

JiAlL jj-M j-* l*S 37° 4_U ojh JiU ^y* jk joJli j* 

La 5 kg aJLiSJI yJtillj JiU' o_jL*il j# dl&>Hl ^UUu jl jiyu . '3—23 
jj _xjj j'iji'll' ijjj L *~j ifjjjnJI ji cLj (I) ; * 0.50 fi t = 0,70 

f JjJliJI JibfS Uj& It (u) l '>fSy 

i(i)^J»Jl JaWh JVjLLJ 
? jj IjyJ LjH jl oL!J jit; i_JL ' J'jw 

L- x i^q ixiUJl 4jJJ*ll jkiiJl jl OJ] jL jyalL vjt-j 4_il '. 

? joJliJI jj J5U ytfliJl y>JI p«j. xll jjiW' kJxxIl J5ui U ; J'^ 
j*£ ■uS'wL^I aJLJI Jjlij lit . —> i w3—23 jJiDL ?*isy >* US ; 

.^LLVI yf 

? ijSLULnll <ULxJl jJajj jlll cj'lijltll U : Jlj«j 
. 7 kg iliSJi jj vJIaIJ oumJJU : <uL>)’l 
7’-(7.0kgK9.8m/B 2 ) = 0 

: 5 kg jj uJlill v-oJlj . T = 09 N jl Sj-il** jjfj tL 
r f (5.0 kg) (9.8 m/s 2 )(sin 37°) * 0 

: OjwJI jj ojm J^xu T-69N 
f= 69N-29N = 40N 

? iiiu Jit jil <iiu jDl 11^ dlii>l :$i Oul5 Ijj it fl*i JuS : Jly 
: ii^JU ^1 f t fiyli ^1 WUI : ^i>Vl 
4 -WA = ji t mg cos 37“ 

Li«/; = (0.70X49 NX0.80) = 27 N ji j>riji>H\ <JjUI j*, 
jij jLjuJ'il ji ^liw—I jSu . f c ~ 40 N j*iJ jl jUasHll kji 
, jljii ^jy iiw-xJl jij ijijll li» j jiu 
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( <*>*0 jjyu ) kidliJI J-uJI 


» (v) t jdkl * JVJtU 

\ ^3 jUU)l Ijjj jl j^LJI yijiJl ^ I3U : Jlj* 

ujy ijjLj 0^. yl T oJlj 4 /* fi k mg Ctw 37® UjUU* f ^Lc ; iul>yi 

. 7 kg iliSJl 3 lJUJI 

Y y*il jJauu Jill ijjil U : JIjm) 
£* j-'Udl o*y>> jy$ : 

Y <*;UI o'kUli ^ U : Jl)* 
: 7 kg ili*)l 0 -j vJUD : Ll>VI 

69N-T -(7.0kgki 

: 5 kg <U5JI jj k_JUU LuJLj 
T- (49 NX0.60) - (0.50X49 NX0.80) = (5.0 kg)a 


y Hid L*j *L>uJl y-ii L*J (^JUJI 

: a jL>^| yl»,j dJLj T <Ji> uS^ j^JjUil k iLLJl 
G9 N - (49 NX0.60) - (0.50) (49 NX0.80) = (7.0 kg + 5.0 kg)a 

■ ul <jjj 


a 


19.6 N 
12 kg 


1.6 m/s 2 


i a-Ul Jj «>H (jlLUl jjiUJl ^iIjIaj ^ ^ <uuJl ej^ yi^^uJI ukj 

. /’ = 57 N ji jjjlc 


iJUl jj* SJtfJI : iL^> ^ 3-11 

vL^ill ^_L £_Ul 6jJ0l ^l+i ii^u oil* l»* *1^1 JJ jLi 

W 4 * 1 i^LVi ijgii ^ 6 t oiyi djj y j&ji ^ • <Ah«ii 

yjiJl LIjj ySJj . I4J* l^iLSjS! ^ ai LiL^iJl ytl^feJl 
oLo*»JI JLii*l <—lljjJl »j_» ^olu f»! y« yl*j l DjjJl ^lfi *ly>J ^ 

oil* jls £-Ul yjiU iiibjwJl ySJj • SjjJI J> iii-ljJl y/UflJl <i)tj 
i^]| *^1*} j^J |ili JD3* . oU-»Jl OJA jy- <Jy* J^is j» Oj^li 

. *y*A\ Uj~ y -0 ol*,!_-*>Jl «J _-1 Ujuyi yj^i yrfiljiJ I jj*>Z jfli u ^1 

U.UJI a^l jAl^kJl JI UjIjIiIj i*UJl L^JI jlil £UU, 

Oi-A . ^iLUl ^ ^ ij,jy t>UJj jl*1 

• Oj* ii* ^ if)i i> |^yi# t ♦Lyn jji ojl»x»ji oi^^yi 
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(iiSpJJ jjjjO jyiji) iJlil' 


if*-+. <-l>j ij-bJi Jh* 

Jyfc*» li_Jk > 0_JjjSNl 
, f J_«ajl it. >— j—> Vj3l &*y* 


ijl—ui j| . v*jfr JajS jl V 


AjJ»i y ^ J^u» \ik Ji. 



cj> jjJi ‘k)^ 1 j-» j/ 1 ' ^ *’• 

chi . i<Ui <» o* ^ p° J-y «o» ^ ibt * ^ 
UujJI oIjh^sJI yUei-lj f+i j-S* y* ty & > 4 il (^ W 

^ i-..u oIh>j i>-~ yLiSil ll> o*-* j-j &S* £?} ■ 

L^JjUi Liitrf ‘UjI OjJ *^,11# U-S* 0> 

^ J. j .ailJl ^ oUj-ijll »i_* ^ Jj~) ■ f> ^ 

, 0Jj«flill 



1 .jJll uj-y it-1 JJi* i> 
J —a±2 cXi J*J • jM ifi# 
l_JJa v j-i »ij±* > ^ * 4 ) > 

. ¥ ijUl > >>i-» 


^ J>L <yji>Jl ‘LU]I |JU ^ JjS'l U5l>j ^ ^ 
iiiUJ* oliyil ilji ^y- 1 

ua\ oi u ii>u ^ oy^ M ^z 3 *> ^ 

Jl i)U <> >* J o paJl ojj J» l*!jtf ■ r* 31 ^ * L ^ ^ 

t & ijjjll i*jl*JI iji ji ol 1^11 ${*»*}** J* > 3 ll li» ^ij ‘ J>' 

|>) i**i J! i^4 Utfl u> £»'> . 4ilj ^ Jto **&' o' ^ W ^ 

1 f-**>Ji ^■'4** O' 

0 | U»% V = at U^ull J! oUlb ilsai »j* >11 H>J ;4^4j 

^ »>i j\~* >-1 uu. jjjl> ^ ji yy f-^i “r o' 4^ ^4" oy^ 

; p*J| JJ iLyJl JU*1 

U = fl«=-^ ^ 
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o 0.5 1.0 

vie 

3-25 Jki 
U—• its 

4fcj—M j_< f . Irt tl ujiii Ujup 
■ 


( iSpJJ jj^u jjjly) tULjJI j*iJ| 

. F »J«II Jjjb yu UU> f <>j)l ^ ^ki. 5 jL* 3 jljjj U <P^J| J 3-24 JSLUI 
£* OJ -# <u-*Ul <iju Calil*! oji ^ j/)l olju 

l5' u' •>*> j oUiUl si# o>i JlCsjj . .1^ <*,LSl jISjSi 

^ t (c L»>jj) oU^ Jl fjLii jl j£* V f-* 

c = 300,000 km/s) itjJ 0^5 jjb a> ji ^ u jjj* j^lji y yj 
JaaJL o*iALi >«> Lx* yjl+ll! cu*il Jj . ( 186,000 mi/s <> iji jltf ji 
^ <«Af 1 "^ VjW 1 oJ^>! y l*J*wu‘ j&i ki# 

^ u ->— jSJj i ^ i*‘y <*-> *>sJi Uj* (> jtf oUjw i^ilp) 
. « » 0.999^9992 c U>J Uj* Jj*d oUjj^Nl ji ojuii Uill 

i-Hj J^juII S jXr J| j, aJ Iji-ii: jfc-euj £«ilj)l yrijLull lift ^ij ^<Jj 

LLi 3 jL> jIj>" (k~c»JI <ts ji 5--ill *jjb \& • Ml J p 

■ L-I.JI ii5UD 
m o 

m '7r7iJ (3 - 51 

J-^I * ^ jUJ l # Ml i*IS ^5 ^HiS-JI Ml jl ojSJI ^ m 0 d*> 
m ^ (3-5) UjUII <*io L ^ . j^iji Jxi Ulkji^j 

Uli» <ji iJjUIl si* j^ . (3-5) 4 IjIa 1I JjjSj ( 3-25 Jli) u/c J,’Ju 
J ji^JI # ‘ « 2 /c 2 « 1 jI#JpI ^ » c > I^IS j«i i) oJl5 
Jillf ij-iJI IL» . m “ m e oi <j>j . LU 1 jjL. <JjUJJ J3Ji 
Jl ole = 0 cm ^ tfillj 3-25 Jii J ^ j&l\ j CLi *^Jl 
LiH^.1 m v m ijuJ c ^ u k2ij . v/c =0.4 Jlj> 

Jw ( 1 j-» v/c yjiz UUfi ji ) C 0 -. V Vj ib Uii£ <ji Jxv-j Ilui' 
j-SJl ,> i-iUJ V 'd^)l ji ^ lj*j . ljk» (3-5) ihUli 
^ •’ <>-* L* ^ljj< p~»*JI ul J*i > 

^li)! y.L^S' iliSJl fjji, JJ £j*jll Ui 6o>^ U ^1 } . 

J} ■ ’J^ 1 py ^ j « <jjUu «* ji i ^-cJJ 

Jj- tjjJi ifij* & cs,^ Ujif ^>Ji iu-jji oji: Uj<i: p^iii ii» 

• J * J 3 s ! i -*y j 3 *^* 4 j>^* J j*Jui ijiJi jjjjt j j^jii ^ii>j 

& ^ Jl >— 11 ^ j* Jfi V ISIm itf cy> O' ^ ^JO-J J* 

( Usi 6J>P ol>j) LUI telj^ J5 J J,Lu; jill oUjJl jl jtffi 
ilJu^ . o^L>JI si# lo> oJLs jjj^i i c Jj ll> jj^us 

jfJiij . - i-koiil» oUjJI jit jjjjj j^ly ptUVls, jjilki iJjU# jli 

b** OsH 1 ^ ^!>^J ^-i* 3 ^ If)I jiilki ibbu JL> 
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. JL « i, «j >i<» ii-j.i i 


/ 



t l>j!l yi <3 js V itjJl <J j*d l!5jLJ 

cJJw.iySiji jbc*3 
L-fciit j . F/m fl « 3 » <4*3 j* 

y__k) V Vj*) * J**3 A <* i> •■' v>*3 


, Uu j±> jj -1*J (_Si» olfjJ 1 jCu UjjP 

Spjll S_jJi)l jy£> L*a<p jiLlll jjjy jjili >-i£ 6y <jl k&y 
j_« m jP ^iuyuJL *34J[ j£*j L. y »3 c y> <PjJi J> ji> Liu iili -ilJj$ . <u& 

. (3-4) iJjUIl J (3-5) &41' 

" -A 

m m 0 lyl\-u’ i !c i m o 



jjjjJI h;jLuj3 eilpl ljum ljj_) : bfcjii }(S y V j^’l (iy>3 jl ^ 

L»1p j_j 1 >J>33 j^ijlaJI )LS £-Jjy Ifji 44 s • U J1 <^4 -&H J*> 

„sJflT.fi-£iUfilf-fjLf„s 


ri_ _ 11 v _ ri 

«*rl*sj w 


; Jjjul» >1*5 y* j>i ^ v 2 Jt ojixJI jjopJI £±**4 ^ jilj 

ILI.' ' ! 

m fl c J 

: .yu^l jjujJl i»L lj*»'j 

- , * ,m > M 

JU(Ftlm 0 c) 2 

jl l jjuw Lw Ij-jLu jiSl »«U1 j*j jIp <Pj-JI jLipl jl jju jAJ! IbLlI 
J>U* V Jl*1* 3-26 Jill I Jiiy . ‘lyjl Jfi fliilj kJl J t. Ji lfj] 
jjii Lsiihjjl oU^Jl .up v JjL jl Jy li» j* . (3-6) <jjLuJJ bub I 
»jL(jj <ji £u>'l! jiLill jj^J • Flm 9 (ijL* <l*i 

o_*3 <-u5Ji jj oj-»_j)l JUa] jJiuj i * i j>, i . Jyjil 

: jj£ v L: _JJ <Ujill jl j>b * jwy 1 
Film 


v (as *-»«.)- 


pHm 0 c) 2 


j-j j<H>Sl j^L/ii jjj**5Jl oLLji ji Uui j+Lii iH vJI <^k) Llbij ij* 
yiiLu Jy~>i . Ijl> 4 _jl*ll oU-Jl lip jl_yud 4 |>j)lj J^tJ' Uaj I ^'^Jl 
. j^i^ y,jUi J—ill J jSSl 
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( i5^ ) wil&ll 


: Ijjli jfii ji l yulj J^aaJI Ijjk oufil Jjj 

I JlSu^l Sjj* i oj^aJI B^iJl (_») c j-JjyJI ( J ) i 3yJI yL (_*) t <J£JI (^) i yiAJl jj-sil! (i) J u*i. 1 

. as*t j.iu(j) 

aIIi^II j vLi 3 jLl5.2 

j-uL: iic |k— l>Ji Jj__c «j4>i . F nc[ i m < a J»k> . iJj'jt* Ijya ^ Jjtinll^ yiDl jjy) cUS.3 

, j villi I !i* 

, ckxuo y J»i!l JmII yy jLi^Jj dJUJl jjy jylj aj(j£ . 4 
JLiljll j i».i ! iTi j! i> .j>JI jjLJl LLxLI y*j) aLia# v_ajI^ 4 p— *■ ^lc syUl iiyJ' ^ic oyJi . 5 

. aillj La Ljol'j Jlii>Hl lijJ 

• Ou y**5Li |k«fc» jic caL> fsiw tf> yy yJl <uj^*aJI »yi\ jbjul. 6 

. il)l> jy y>b 0>j -OOiyi ||L*>^I Ojp> 4 il'i'nl I <L>naJI oG <i y>Jl 0^1 jLu u yllJl Jjyu jy Li i)uj . 7 
o*y JL2u>'i)i oMjLm o ^I a .«.i <_«Jax 4 uLjy jj y> jyyi ( ul>jU ijijju) »y y> i_iyi)i. 8 

, tJo-JI* ^. *>i i 

i»|j—« ji *yt i>LiS. *aU i i^jUJi iyj ^yikii jjjS i jjLj yus y** jjjj its j# <i^u)i &. 9 

■ H 1 <jjJ 

ol^Sj*) JJQI ^y**al! ■yjy ol^Sjj JJ JjL <L>y yp 5jJ|il JJL>0. 10 
, oiyjii ai* iTta J5U jy-u jy jJU ylili ywi 




-uibjjill Cuiyjlj -ijuwjl OL>yi 
: »yJI 

1 newliin (N) = 1 kg . m/x 2 


: <u-)LJ jjLwj olLyu 


LyLyil! jLujS'i jl>I 4 _L» 5 JU , aSj> <ll> y jxuul) <l*«Uu ji t yllli ^LJL» y <Ui 5 ; aJuLSJI 

• Jyll lijLgJl ii/* yj **-LiVl 

i y»*j jjji »yui yL> y j»iyi (^yji uj^ oji y* djl>j yi iji jjL*i* syi: 5y)i 

. 1 m/s 2 U ; J <Lkp 1 kg dta' La> 


: is^>u jjpj oyiy 

<jub j_Jbu p-c>ji cc_^, jij i_yL? jjLu u p»*> yu jyyi y>jL>ji jyu jii oj: JjVi jyuji 

yljjl jt-aili liL»j Quil jylUl ll» vJjAj 

■dlili yJL y> uaxiLuH cmC . <Ab(Ol ^ 3y]l yL> y> '_u>Ui< a1>p 3yjJl 3yll yLs . 
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. -F SjLwj iLjLa 5jL A yU yy B jli B F ijL A »- l > y\ lij : kid LI I jjiUJl 

: 

I3l» jiiwi US * I,I ^Ijjl jy^Si\ jlj U15 jilill jj^ilL c£j> UL>j (-‘■*'•'1 J*» -1 

. r-jji y« ^ } J jm' ^ ^ J-u 

. <*-y> su5 aJssjij . si oio>yi r uu j oU* jiA ^ * a^i ^ ^Li jju LfjL 4iiiil ijyu - 2 

0*i cySLJl <Jl* yu, p*!! jli l>-» oSL f-* > ijJjil ijHI jil* jl* BJ 4il jJllll tyittll y* - 3 

L>1> ill> ojj» 

. iy>ui jjU^ iUjji «l»ji y yjiu ^ p-»jij. ^jU. sy j»l> > t »i L» l <Sj> <jl> yjc . 4 

. <5j>U jjuliuJ ol#Sjll i> J5 J-aii* J5 u1j Lf U ki jS*,>j oaUji *JjU» jilUl jjlUIL » 
iji JL* ^bJ L^ui Ifjl J_U ( ^lill J-aiJI ) Jtfu y uliidl ii>UI olj ISJ>JI Sijui Jj-ii oi^ll jSx> - 6 
. aL>J^I yJu uLl-u ^ ^_jl>JI jli y jjj 1 <C0l5 a jl sill j . <5j*Jl al>Jl y ojL> 

, jdtUiil J>l yy iji JS jj Jj . yij J* j'jij3 H kiJliJl J jlijliullj jt^jLill jbjiJl. 7 

: AltfJlj jjjJl j# *S)UJl 

j'jiil 'j* • p-*JI J* V)* 1 3 y J ,ji * J* ^ • < WyL-i ( W Oj^ 1 

M-nlull siuU . ^>jLjJl tLaill J jl Jjiil jl jijS'l jifr >Jj>j« Ijl U jii sii)j J5yijj . yin ji jiu 

: W«j y^J) !i yJI ijiJI ilv? y>\ jaj ")ll jli J^j>* Jii 

m = W/^ jl W = mg 

: 

. dijjffl, SI altfjD fit; j ij3l o-ISj i Ml u. UUV, UjUfi if oj^l. I 
. (-*11 > SjSjll W iji »W >» Ujjll >Mj . W W «)ll - 2 
, jjjjl ^ ^uJl X?.^ LujbJl Jj> A*10 1 ^£JI. 3 
jLS IjJ /ryf i> jj^l . <Uaj \Sy*i* jl^ OJ mg JjL j V ^HJl jjjJl - 4 

, LujL>JI jLfw' yJu ^ UjLuLi j!5 IjJ mg jt y^> 1 jjS^j i SyJ jLm «l*il UjLi* p-aJl 
" jjjJl f-Jtf » jjij j> J»ji- SJl> J jji p-xJl Ha jli L J» SjJili oj^yi Jjiil y itflUJI oils lilj 

. ( \jLe lijLy LSj»lWI ojj ji ji) 

: <LjjWJL ! l lf\ 

. j,j>kJl jJU iiliull iji ^ j>Sl n» L*J>I jjj-u'&U j^lu* j*> i^J^**JI OjiJl 

: JSi>?l jy 

j'ij-JI ‘JU Jjl*j ^yjl jjili abS’^l jLsl* Lf>L*jlj 1 jilS^L ji-a5bu j . ix L -1 |>u Jjj j* Jjj 

jj>j . HaJ ji j^i-J jl ji*ij jj> k J iji j* bJISu'il iji jli *lcj. J* j4>»LJI x>i 

: iiiUL i/ *Wl iwiJl ajj jlaiu i yuuj . ^1 ^ laj>i j^>kJl j^jil Iju^ Ujajj ; f r ll« <>J* ui 
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( &pJ jp ) oJLjJI Jaill 

r<* *nj N 

■L*uii J-U t*-Uy AuWj JLiuVl ^ ^ Ja opl ipl F n £u> 

iw*^ 1 

. •uftjJ'ill <-ipl ol*rf jLu LjaUJIj I pll Ja U*j>i jlp y^^U* j*>L_ y** ay ^ ; ppl JUu>VI »y 

: ii}UJ0 Uji jJL» ^knjj ; LJ Ly Im jy!i >i» 

fk m tbh 

H, & liib jJ\ <ua oi l»S i U^JjUj jpsLJl u**l» Ja Liyi <jj xM) c iSj>Jl dl£>^ll J*lu (i k ^> 

: 

Op*“*N ^jl^i L^»L^JI plj i ^i». L ..II Ja ppl ijill Ja icjAi /* j f ( j* J£ jOi* . 1 
. LfJ jU*l 'll jl i o'jjiu 'i yljutS Jl5a>‘il 5Ubu „ 2 
• fc ai kJ l y JJ 5j5VjJ*^l <PyJl Ja SJjpi \jfjJj liu: Y ft-3 
Od*kJl yiJ <>Li p ^p. pa# f k J f c ypUl y* J< .Up 'I - 4 

: ililil oLpIl jLt i5j >.II 

^ P 1 tip* £jpl O. 1 * P ‘ .pil ®L»Jl j jjSj >iy*y bui* JJL Jii-a Ji iSj> ji 

• l/“° JjL-J yl «u»o Jjlil p ^Jpl 
; J5UI tjy-aD lSj^* sl^u , i , l ^ tfpl yC Jpl y JiUl ^y»JJ jjljll jL>j' 5|I tall oipi jypl £w*J! 
IP, = ma 

■mg sin 9 JiJ JJ J5UI jp-11 Lpl op i*Syop yi^l JJ iuJL J5UI jpil Jx, pi; jO ai\£ Ijj 

, mg cos 9 pe 4yjjx*JI yjjJl ip* opj 

*$pl J! lW^ jl a5j>JI »l*jl plP L^*L>Jlj j.l> i «l,l UjIj Oj\y slllSLi>^l [ij} 

: <iJLJI oUpi jjp iii&jl 

^ jlj j- i f LH» r**N '^r- vP U^iej ■ P Jijj ji c ip1 4 Pj* i5jU oUy- JJ ^Ls yi pi H 
: iiWJ p "dpi Ja Mil juWj . p'i d)i js Jt\ Upi ijUj Ja>^ U ( ^IjJI sp ) 
m 0 

m = - ---■.= 

Vl-y 2 /c 2 

oLu*>Jj 4Juwl 

j>* j-* lh^I IjU ? (>>“ j* “jlpl Jiwxi Ujup ojuu« Ja JJ jjLII OL . 1 

p b^ui iAj-jj jjLJl (_ijy jjp Jjuil 
V L>vtflj Ijjh!^ jjrflJIj <1*£JI ^** y** _ 2 

j-* ‘ 6* P Py P : ^0 L« P ^ J*i)l jjj JjuJI jy ry>y jj> - 3 

• ip l*l>p ys. yjS k Ixau puf yi jiy 5j^ i pi p-su jjl^ i 5jjli 3j5 









j-Lc 3—itill <diS oilS U[ pll ^ ^ Oj L. . 1.67 m/s 2 jp pH J* <PM *4*- 4 
? pjl p* dJS l*j f jJ- P* Pjj k> • 2 k 
5/ ^ £jj p* Ju5bjg jjia JJ . jJpIl P* Pjj u»* JP P' ^ f^' & ^ ljJ ' 5 

> jui\ j** pu ilyuM «j-« 6j*i <P&! ty# - * ^!> ? P 1 P* ^ ,J ! P 

V g j> pi Jjju* J[ f jUu* J jbJ )\I p* J* - 6 

uu. ^ tuo. j~ > y&uj ^ p>jP °P*^ ^ '** t^ 1 *■ LL<I * ^ 01 >;iil ' 7 

V LU1 w yjl Jo* -lull J.U6II *SlS *! P> 4iyi li* J p J** 

ojlilb p/il ^ a* ato 3ML c*U? k-pil p u*j^ 6^' ^ J f U ^ ^ liU - 8 
* 4>*>w» opJl oi* j*£i j3 till V j'pd' p 

0 LS 0! uijH i p* <X-1I y*~ J*-J' 6* • aylJll 2jj oUjj p 4-®W-U °b jl ^' 9 

li* ijH* 44>j ^ 0- *ijl)H «! U 4->> ^ 3 p- W 

^1 ^ijll ow o^U jL*| jJ* Jji ■ 4Ji t pl • *P <*^41 ^ «**> P* ‘°^ 1 

? i •>. ..iij cujjSi jju Jl£i>'i' „UU*j 

^I , r p f jijuJi p*ji JS lit &*H ljU * »Wi >i J! PjLaJi ^ Ui 4 lj|. — J* r* ^ - 10 

V CttjU, > jj ol> (->) v P jW*5 C|I> (V) # ( 1 > 

o'iiUi l*J jdl ji^Si uUiw 3JWI ,X*J .Mo*^ 5 > ^ ■ 11 

. jJL JSJ d»x>y L ^-pi. oJx* o! 

. li, Jji ijUJI Jfy jl tfijlf 10 mA J! CjS- 11 ix 5 J^ <> u ' u -»* '^ >l - 12 

^1 «jill jJ • jiJ» w ^ J» 1MI j > J! JWI j»" ^ J) 1 - 3 ^ J=" ^ X* ^ *• •■ 13 

. 2 m LffUjjl Ojii P upb o>i ^ 

p iU>j pi jl JuU v*. GIL. 2.0 m IfcUjjl 5>i J® ^ PP O' ^ ¥' ^ - 14 

V Jijll 1a* Jl* 

JjLu 

3-4 |Wa1' 

jl* p pJL, p 10,000 m/» 2 Uji <L>* 8.5 k 1+iliS j-4< «it p® />“ J pJl op I j 1 ^ U - 1 

f ^pji ^ 2.35 cm l*p 3iLu o*U J up o' ^ * sWl *»J- J lj « U 1 U ^ JI 

pii ^ p> p ojSLJI o* U^j 43 -fJk 1650 kg J® 4600 N Ujiai* <J> P ^ P 5 - 2 

V 21.2 m/a UjUU ^ J! Jj-jU 3 jM f)^' *0« U M • l'^ 1 *4® U (‘) 

5>i j| ; |ji L (y) r*4-Jl '<P ^ (I) . 7- 7 « ^ 23 ' 4 Wh 03^' <> ^ Ul ^ 1350 ke ^ ' 3 

? SJbjsnJI si* p^ J^*>JL! oj^Ol 

jlji* U 26.7 N ^La 0.485 m/s Ujbi* 3iU 4wu Liii 4-»j p® p c, 3^ Ji d 3 ^' 15 P J| " 4 

<■ ^pj c^Ull JlSj>‘i'l op 
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( jj yj jjjl 4$) cJIDI JJLlI 


55.2 kg j'ij-il k-u—u *Jli 365 N Ujj$ Sjii yiS'l Jl L-Jli 27 5 UjjS ojlji J^> xi I jj. 5 

v . j^jUi iS^>J iL5Ull Jl£l>Hl »«a ; lji, U , 20.5 cm/s Ujjil jljill &U Liii L_i ; i 
5_ji)l L 165 N J-**Jl ji JuUl jlSj i .HI Jut lil>jL ±m 13.5 vm/s L» ; J Jjill iuU i5j*ii wjli . 6 

t jUjili ^ .i^ij .ill l* ^ ^i tfpJJ L-5'Uli 

o^iijLJi kiulitj * 9. m/s UjIjL i^LS <tyo ,>>^1 jl 72 kg *3115) < oj-ljUli jijiliJl ) j&llali j>I .Lu* . 7 
V w\ } ^IWI > »i*ji t* Jy ja lj Jki J! 3*Jjll ijiJI >«. U (v) f ^Ikll jj, L (i) . 6.6 kg 
4770 N L»jJ loiii iji jJjj ji ^ ^ J 0.175 m/a* U ji iUt 1720 kg l^sbS 5^ v -.-<- ^SJ. 8 

V *j)*ll soil jljJu L» 

9.4 s tijf jij 80 km/h JJ j,Si*Jl ji ^jLuJI I j W .; 1060 kg l^. ite 3jU»> jl oliltpllt j>i . 9 • 
<* *1m 1I «o* LfiLSI) Sjl^JI Jfi. yy ji ,jiJl SjiJi ^jLb jIjJU l* 

JJ Cm LJkui 5jL—JI ^jL- 33 ji jLjji Ijli. 1730 kg 5jl** jjl** . 10 

• ®jM ilk J* Wv y'x u* v^n ^ ®»*JI j lj k L** 1 10-3 s JlU 2.3 m/s 

•jLi) *-»j^Jl $ji>l jIja. U . 94.5 m Ujjj ol— Jus. 1570 kg LflloSJ 17.5 m/s Joa*j <5jx3i cJiy . 11 

£*ju j^hUjJI jl ji>yi\ V ijUJl 

3-5 fJUl 

l.iji*) ijSJI y U ( V ) V JbjaJI »Uii cjfll J* jjjil ijlll ^iL. J** U (1). ^jS'l al*3 5 N l#ijj 3ijSLLJ. 12 
? l»JfcJ Ij^J J* 5^1 Ljj yy ^1 ( l»lx>l) 

j-* 1 -* (V) ? ^ j5y> jIA L. ( i ) . Js. 5iu» 12 ULil j jj/ill »j£Jl ji joy »\_ 13 

• lH9j^I ^ ijfll If? jiy ^ill ( 41*31)1 Jj J Uj ) Jjill 

• k*LJl jls ojL,uJi jlp j3)l 4)ili jtjii U . 26,000 N l»jji ly> L^JU o_yli 3 yju> s^'o-u ii>Li cuJlaI _ 14 

*1>UI jj Juil Ijl^iil 5j, Lj_JI j'jG I j U 

ull» oaIIjI Ja\ »bfJl djxu 75 cm l^j-U oCISj t J* llil li*ii3 cA, LijJu. 15 ■ 

ij^U J_*ij LsltJl ii*^ ji jtfjJu , 970 in/s L» J.u« *ij—u 3_*jiJI oSj 35 ajj» ji 9.0 g if~i’< 

? jlLklll *lx»J ^ oJujl ^ yy ^yjl iiii'll 4)ijl lui La i iulj iJjjuJl 

^ La^>i jUHli m % = 4.1 kg ^HJI ilsSj m, = U kg JjSl Utf jLJli 16 ■ 

4jJUI OvLS Ijj . 3—1^ Ji-JU jj-M t_4 *1 li lii> I 1* 3 t-Vit ^1; ^>1ll 

? OtS*H— i-wj L* ( i) . 6.8 N jjl—J m, jle BjJili) ILxajll 

li| k_r J J xfi (-^) • m 2 t r^^ 1 m l mJUJI 4j3 jl (y) 

. m l ji 1'ju m 2 jOjJ t^iUll ^ yy F <ii3b' 

3-6 

? 60 kg ciL*^ yAxi (s_i) ? 1.0 kg »l 3 . s 5 j-£ (I) : ( jjjLJIj j3jJli) *-jji1)l ^L*jfcSl ju J_5 jj* I_* - 17 
? jjjJl ji 454 g {_*) t 1 ton *3l3^ ( p*J> jlji* ) iji ( j ) f 1350 kg L^jJLiS ijl** (_^) 
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( jJjk jklji) djJlUl 


4jj_» (__») ? 15 N 4jjj ^li-au (y) ? jiiJI i> 1.2 lb (1) : ^ jb£lb fby.Sl j» JS L. 18 

? l*JJl <> jjL jb 1 ( -j>) ¥ 1750 N ^ *lrf ( j ) ¥ 1601b 
, a = 0.77 jti/h 2 UjJ iL>y ^ki J] 5ij>i» vJbJ* oul5j i ^kl Jj l*-^ 54 N o.il* yi> ay J*>. 19 

• j*JkJl *V 1* 

b , Ja— i Jl l*J, a - 0.155 m/s 2 Jl^JI aL>vP cw!5j ; 20.5 kg Vj 5 y-kUJl > Jlj* Jl^ J*> (A>Jy - 20 

V w U*-'l ji ill I -uuj 

. a = 1.63 m/n 3 kjJ <Lf*j JiJ Jj CJ< ^Lu5 j* y/Jb l^» U>yL U»SUi (Ly^l j< la>j) - 21 ■ 

L (y) ? yil\ T±>~> jk ‘LmJi j5Ij jjj U (i) , jiS\ jk 960 N ^UiJi UiJb Oj_j »Lii £\j Jli*. 

• i^ 1 jk 4ll^ L (-*) ? jjiJI ^ 


3-7 |maJ1 



djJUIj 70 N JjL-j 3-2^ JiilL yJli J-S jj«. 22 
yi> JS ^ VyJi SjJll a*/i . T = 35 N 



W M 

WfJtt 


ijjllj 47 N jjly 3-3 r J-iAJl ^ yJli JS Ojj- 23 
. «Jl» JS y vjmJI jyOl jjk^i , P = 28 N 



P = 42N i 66N tJliJI jjj jl 3-3, JSUl j >^1-24 ■ 
SjJ ^ U ( 1 ) . 0.22 jjl—u JLSi>^l Jibu jlj 


? wJli JS 41 m <v L, (y) ¥ i)l> JS ^ lKSb.li 


L. (I). 0.42 jjL* iKSbll >buj T - 39 N i 54 N jjl* 2-3 f JSuiJl j yltill jj jlS lj[. 25 • 
Y ylli J£ U (y) ? iJU JS y JlSbll 

hJLill jlS Ij[ , 4#jl*JI jeib cb» 27° Uj jj lylj JJL» J* J*-»i J] 5.5 kg *i& j-bo jlji* - 26 

<* j»Juuall 4S^>J 4J^aII ijy 4jj Lj ; jljiil iljll 

j'llji^ll ^ ylUII IV vlsy J1UI (JyJil iylj CiJUj du Ojlj jMAj ji»4 J1U Jji-u jk 27 g 4lkS yJli - 27 
J*Lu LmaJI »1a J-k: Jji ¥ JiUl liy-Jlj yJLiil jii Jlib'l'l Jjlw <V U . 38.5° iyljJl C*>y1 bik 

Y ^5 <>JI »l j5bjla->^l ^JKiy^l 

Ojj jl i Ij[ j’S^’Jll J yllill iv l*Jk P <v U . 0.5 ojby y3 3^ JiiJI j jiyb-'ill Jl&»^ J*U* - 28 ■ 

? 165 N 
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(iS Jiyj ) kidlill 

SjLJl ^jL*» j! j£« iiLu Jii Ui i 0,62 gy* »jl** oljtLj to dlib.'il J«U* jii IjJ_ 29 ■ 

? 20.7 m/s Jj ty£Jl 

9*I1> ,>J dUu^’l J«Lm $li lijj . j'ijj'sll Lik 3.55 m/s Jxjuj iiJj i+ij J» ^y^ Jii, tf£ m 30 ■ 
* Jiy}\ JJ J4UI lj* l^-yi jii I iiUl U C 0.16 

o^tll cuLS lij u —li j_j^L 1 ^j£ 34.2 m/s Ujai *Sj*j iSy^is jjL- u&yi ji jSU> iiU»* /ail U. 31 ■ 

' ? 0.83 *>ll r^j SjUl ol>! & ( ^Jll^l >L« ) Jliix'i! J,Ui 


3-8 fill 

xj>i,\ 0.88 cm J>U 6.25 x 10’ m/s JJ yjSuJI j_, L^i m = 9,1 x 10 ^ kg j^J fjL* . 32 
? mg JJ »4 aJ < ai* Jlu U«-a ^ . jjjiD^U 4ix*ll 3yll iwji» 

L 0.77 m L»jji isL-* J*» oiiyj iy^ 17.6 m/s U ; Iju 1130 kg 1«&S ojL- c«jL«I . 33 

V ijlxJl jlc jjjkviil I 4 J ji_p ^ii iL-uli b«ili i*J 

ja o>J. | Ji 165 m/s UbjljL « —u 2.3 cm 1*1** Jia—»^JI ,> iuljj 9.1 g l^iLS yaU, iiil, olij . 34 ■ 
V <aLj Ji L 0 L 0 J 1 Lfj yy ^1 ik-yll ojill L 92 m/s U,liLi ji^ll ^juUJI 

iil> jj 15 kg L»jIjL UiS J_*> jlilb J*> J] LJj 3.2 kg UjJ iiiS coxi Ijl _ 35 ■ 

? 3.2 kg UsSl) t*-fi 0 * Jt\ JJ Uj <4* j*d Ui t 6jUI 
. 0.36 wjIjSIIj SjLJl to J«Lw jii ljj. Lf^L. Jt jlSj j^SJI <> L^Sii ^LiJI j 5jL* oix. 36 ■ 
p J* yUSJl jl}" ^ W* ji (£h <4* yd Ui 

I*—\)U ijL-Jl Lkl^ jl iiUu Jii U . 22.5 m/s Jxu^ omu J* Jxu l jy£ yjjj . 37 ■ 

0.24 (j»LJ xiillj ^jSJl to g ^ ? tAw^l ~*jy^ jJjaJ *i ULu »Jjys ^1 Jl ^IkoO 
1.15 m/s 3 Jxjiw LLLm ftjlJl cuiSj 1 23.5° 43^lj Jil» ijv-* J* b+f *i>Li jjxwi j v_Jli. 38 ■ 

^ »-JISJI Jyj 'i J> n—JUJ lj 4^jSl to JlSi>“5ll JjIjw <Ujj L . k^Jl *Lil 


■ 



JiuiJl ^jj jjJ'JU' yl>y jjjl JjjJI j xill . 39 ■■ 
^ JmJIj j^Jlill <L>sp x>.y . 58 N jjLu 3-4^ 


3-4^ Jii 



jlf jjjll JLil>^l 'iyj CulS Ijl Jjk» 

J*l—«* j ybi L*joi <JL»JI jj—S . 4jUf« 

. 0.33 rkJlj uwJUJl to 

J-iill j— J 0.62 m/s 3 l* jii jxJliJl tj'—Sl l^.lSUj ^jJl T “UJ U - 40 ■ 

to J-*lu jlS lij ; ? ikf« dlil>^l jjs cuilS Ijj (I) 1 3-4^ 

<J1> Ji j Jf> j* J-Jl Laul Xfc_jl V 0.43 JaJlj j^J'ili 
. 1.92 kg jp 2 vJUIl il3Sj 3.25 kg 3-n^ JSill ^i 1 ^Jlill ‘*K. 41 ■ 
? J*<-* dlii>Ul yi yijJu Ji«Sji)l J^l> j Xillj (j^JliJI <1*P ilJ li ( i ) 

, 1 k_Jli5l Jt 10.2 N Oy^« Oji yy Uxx ilLil J (w) 


3-5 f Jii 
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( o j> 1! jJijj jjjljj) aJliJI J-juJ' 



10 kg 



M f JSA 


, 1650 g jjLJ 2 iJbSj 2650g 1 p-*)! itf 3-5f JSLiJl 42 ■ 

jloii L . I 44 s J}L» 65 cm Ujji oLu 2 Liu «lLj>J jj> 

jiL; j>06 V 1 JlSu>'!Jl iji 

. f lLJI 

oUltfl dJj>S ^ f j*ll <>j)l Jiij 3-6 f JiJJI ji J+*Jl ji jJI i>ji. 43 ■ 
. iiiSJi <ujACj i»5liuL>l 'i ji i_wo^jji . ja «ljjJ 220 cm 

F il'ta illiJi 11>£ a»y . Li£l£l»l <L£Jl ujjj; 3— 7ji JUJI j 5jS*ll. 44 ■ 
5jJ jj_ >j <ll> ^ iJLlI j_^S . ^JxJl Jl5u»l fj£ iil> ^ 




3-8 r jii 


J_UI ^ jjuJuilj jj_* JlSu^Hl - 45 ■« 
LL^e, J_oJl j-*J< w u *> I . 3 8f 

j m, = 375 g, m 2 - 275 g ^15 Ijj m 3 
. a 2 - 2a, o' L*'! : *u*L : F - 0.72 N 



3-9 f jii 


ju£ JlSa*^ J4 Lm L-J o' 3-9. J_£ill . 46 ■■ 

I3J . Sx>lj 700 g ilsSJI jj uJUll Ji-Jlj tfcWI jUI 
<_*ji U t F = 1.90 N oil* Ujii a = 135 cm/* 2 citt 
V JISuHl j^Lu 



yJti J-S i-Lu:j OxL^Jl j» aJi .i*.i. 47 ■■ 
. Tup li! 3-10^ J£il» ji 

j— j*iSLSi»l "Jl OjJjSJI O' 
m 2 = 500 g ; m, “ 215 g jij i iiiiill 
. m 3 * 365 g j 


3-10 f JSA 
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( ) dOlSJI j^iJ| 



•Vll^ J_UJ| o*fJL*Jl LUwt j_>j1 . 4ft ■ 
Ijl ( I ) J^J| 
i*«i. n = 0.25 jl£ Ijl (y). 

^_Ip m t U^j> o U**i! .LJI 

. H : g . m.^ 



8-12^ JiA 


’Jj-H £>■* *j-»j ‘ M <&S tylli £»jJ 3-12 f JfLsJl ^ F ijill.49 - 
jLi Ijl . J*L>JI jIl-JIj M ^ JlS*>l JU» t m 4-jg gj.j 
IjJ+FLu i o>ii if y-*. liU ( n £*JUJ| ^ J&^l J.U4 

? /n JLill jjjju 


8-10 j 3-9 jlauoiJI 


** J ' U ^ U (I) 365 N jjU; V,i- i+ijl > S5 kg US ^ JS>J yll lj*l. 50 . 

U)^! sy, ijl0 ^ ^ v jbs,* j*,. | ^ M . ^ ^ 

• <$J* 48 ° U J^ J 11 * 660 N Ujljij ip, aji jjduaU 



8-13 r JSA 


3-18 r Jiili ^ 2.85 kg itSIl jj yJUji ^ _ 51 , 

j/ (V) • 0.77 -Uij yJUJl 0i# Jl5a>"il J,Lm ^tS Ijj 
*-y'> J*-»i J| £-»j3 50 N oyi\ hSwl5‘ Ijl <jLll 
if* V 11 ^ ' 1 -* :!, o*-& UJ ji) ^01^1 22.5° U,J 

(J^l 


^ 185 ^U^iys.SSkg^j^.^^ ^, 3 ,-y. ja. tfjU W , jSljUi . u . 6Jl 
* 0.45 Jia-ll J.U ots 0! M . f SU*. Jtt>* 0 IS Ijl (I, . jJi J, JJU, ^ . , u y, 

,jJJ ^ J1UI > J 4 - 1 J! fiH* 22 " JiU S*- > try 10 6 k e us Jjjil ^ . 53 . 

V >Lu Uej U . cSj *J Sjyli dlS^i iy j^y 0 .37 m/s 2 

**!« - • ( > J! u'M **Ml I*Oljjl) J# 4l> J* ,M, J*.*. 

? 2 ' 7 ° ,n/ “’ J ~' ^ J M » S® n*> j, i, i jLi y .* y ^ 
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( ii j>1J jjjjj jdljj) lidli)! JJUI 


J jJJi jL**i . 275 g LaIjlji* iliS J*>W J>~ [ ls*> Ifii*-' 1> Jdy 3“> ^ 220 g Ujlji* iliS . 55 • 

LUju JLJ JJ jJkSj>j 4 (_>) i 16.5 m k 2 J-uuf JJ ^jLui (y) k jiSiSL (i ) jLLSJl ^ulS I3| 

U^lj i-j-« Ji—.» JJ jj-tf(-») t i*3l*JI jiib o»J ly* lly- j*dJL ( j ) t 7.8 m/s* Ljbi. iwU 

, 10 min LjIjL 

yJUJl JM iiUl L . 32° <tylj J3L j>u. Ja JlJ JJ jjUl <> J^ 1 0^ kg <ibS ylti i.* - 56 ■ 
? ^LuJI 3 kJUJI .JH H = 0.50 jlS 13! (y) ‘ ^ jlS OJ (i) . 2.7 s Jjl y 
^Jji isL-ll L. , J! L-JL 8.5" iylja Js ^ "LSL 1250 kg l*JdJS Sjl*, JL. 57 ■ 
Sji oj _>3 lj[ (y) ? JjJI J»J JJ ij> 5jL_Jt s :JlS I3J ( ! ) V Ja'jiH ^>*3 iiu 8.0 h JjI J 3j1*J 

V 1600 N LJdu iswu dl£>i 

<L«U JjLm 


LiS' /) L*Jy «L*II ^LSj ‘ jiil Ji> ^ jUB iW 2 j itf, LaLW jky - »8 » 

lil3 4-j j_iJl j-»JH y>L-L J—I ^o*!* i3w ■**** 4JL* 

^ v-JJl U V jL-ujjtJ 1 ^jLm: 2 OjaJI v-JU ^ ji J (I) . L»U>J *1*3 u^ 1 

v j yiljj ijLmJI JjJ (Jjlji* 

kiiljli'Sl j*- dLSi>Hl J41 jm fi du* k «g j* J*j3jl ^ (/ii j<> ^ »;4- ^ J - 59 " 

Jju*J o' r^ 1 ^ o-> I3U V 0 4iylj 3CL ojW Jo^'i 

oj ji jJLi mj olj SjL_Jl ollS 131 j*Sl JJiio J* ? *< oWUi » «l*iUu j^“»5jLJi 

V^J 


jj_* . J-. J» iui. ^ijkidjL Ljjjji Ji- J 3jS jjL v»o ji a_^« ii*i- J ^ - fi0 m 
j'o-ij j £i I3L . iLi-Jl ofijLj LIS L-ij jjS^ ^ jlj JaUJ' ikB ^ JjJ^ 1 J 

. ^ijll L-JL 6.5" LjJ Kip# J & JjJJl Lirf JjiJI <1>£ 

F _ J0N %'ul, yLSj 4 kg chs lijLJ JLj 3-14 f JSJ< - 61 ■• 

y /^ 30 ' . k^jill ^ 0.6 j 0.8 jj—^lll c«>LJJ aSjjJIj 3JLSl>'ill 

; 4 4 . jitfl! jy 30“ Lj j ijjlj ^ »L^‘I ji 50 N Lji ^ j»JJl ojjL 

p^ ,, i , ll;.).ii i ,iii i , l liw ^ U>f LmS L (k_>) ? jjjLJJl »J-Sjil ij-iJ 1 -Urfi u (f) 



dby o—SL ii dji y k i !>e y*< (-?■) • jjjJx'l 

^ypjlo ) : jiiS'l o>j 30° L^ji o^ljj jjJ-Ji j 

( ojji LjoC JjAli jjjUl ji 

Lj _J> Ja3L>J ^DL ^ ylli jlp j3j3 ieiii 3-15(. JiJI JS-*. 62 ■ 
131 . ijLJl j4 jjjJJi £il LilS i>jju dj^S SjiJl a J jl • j-'j 
jlji* Jii p Li . 0.65 yJlil lj i>lUJl jko ^SJli-‘3 1 l JlSi>'!ll J*L« jlS 


3-15 f jSi 


? jjjjuJi 5j>jJLl ^jJl 3y! 






( & j>JJ jjjjj ) oIUJI j„aiJ| 


t^L» <*w ^11^1 JKuKl J^buj I 200 g J^JI ^kJ| ju 0jii— 3-16 f Jiili J 50 g <]tf)l. 63 ■■ 

ut-tkijik-tl. JU*j i iiSlSi^l i <*isi IjJum Jc Ljjo 200 g tt&li $j» Jjtf . 0.3 j*&£JI 

50 g 5_t£Il Jfc Wj yx£U hj y£\ U . jjjjJl 2u*tf ^SlSi>|'5l ijL p m , <bSj 200 g 

t £,U »Uli 200 g il3£U jjLJl ^LJI Jt Lib 


P 



3-16 r Jii 
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; LSUl fLfa*>SL ‘bjiill flfi jj |»U ijjfc yal io 
L*»*l jj y*) t UoJlS-iVU o-* £r*JI *j-» </*—*<J 
JUj Li^lj lSjW^I u><3*i 0* *<£/ 

jli JJtf . Ujl/L-I Jt oLLii}l 0* 

OjiL* jjjIuJ i»i>j JLx» Lfii d>*> > li) 5 ^aa5 Cu*! J1m 
JL iiSi . ifel—J* J-«iJl ^ Ull-jj IS^lS^il 
jujl IjJ jjo-iLrfi JoO Ij* *Ui 

'■« ( jic. <y_pJi Ja 3/Z) 0*U 3*^ S>y^ ^ 1 Oj^' ^ j* j“-* 0 1 f~^ 


01^^1^14-1 

jljjl LJl> j-) oi J*Ju I_uii o^LJI ill> jS lj*ju*4) ISL. p■.«■■ » • II ijjfj LjIp 

j^Li o* oliLil Jj^ll jLul 

. f’jJua lSjL-J Li* j-*j ^ I ^LU L»l> <JL> Jl*i 0.£- Si jilill 
ULJ»_j c i-Utf ji ji& ^ JjSLJ 1 LIU ^ /Z —Ll p*J' Oi* <*Lj 

^ |j_» . (jJu> Spjll »>jJl ^U j_j^ ji yUJIj J/ft o>p jy® 

. jijj^u JjSi Jjj—i 

, \j*o »ji}il jjiD yiU^I o£t O' L r l *rf O'j 3 * yu j ^*>Jl j>_)j Ji 
oi LJy j'S* I jl* 6M f-* > */>U 6<p O' J* 
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:4-l Jfci 

jjU JjUB ci MwUlUvlUy^yil 


JjUj ( v 3-l c/JljUll ) ^LDI upli IUaU j^Luii ol^l < ^ A > 

. IjLb 

^ =0 O>0 IF, =0 (4-D 

^ J >*> j ^ L 3)^ y~Ji.Cy.MjJ ^Ijnu Vl3U 4-1 Ji*J| ^ 
■ I> tSjH Wj»j ^1 ol^II cyj^ojc,)^^ y^, 

: ^ J-*xi iJUJl ok (4-1) o'SjUll 


P - W= 0 


WO 


6w " #LiJ ' 5,l ) >P)' fl*** jLifiHl J oLjsj'ii liii-I jj Uib Ilk 

1 w ‘ p ^ • (*»- J*-I Jb jM JJ Mj» ** r Jb 

. tfjili >itt. F 2 , f 2 



: 4-1JU* 

‘ ^ J-ill >ib o_>0 S.Uk 4-2 J£JI j UUI 

S-*i}\ CM J-to ) . Ch>^I CmMJI y Jill J>ji . «o N Ui>i y xJ) ^ 

C^ < 1 ^ Liu 0 >^j J^Jl ji k**JI i.ttL -1 iy xJl ji dJUJI 

. ( J^uil ^*aj| 


1 ^yiiik JV Jlk 

• iAl1 J *** 3 j fc» <*M V& t Uii l*JS yaffil Jjill ok ji L : J\J 
^ J! W^ill £»•> (M ji v_*^» JLri Jj lujkJI X* ; Ol>yi 
c^ 1 1fJli oiil oL^ UfJ joi^i j*u ifi l>j . ixAUl Jk iikJ! 

^l^l^xiJl^^ji 
■ ^ ‘ F\ i*»4l o*d <i#l3 fj^Ul IjjJI L : Jl)w 
^ ' i ^ 1 C^ y °Wb x ^ £>*** : £»ljS3ll Jj^l J»jjJI : oU^I 

, lji«9 jj 

L '^ X ^ 4lWj Jail .V »l*rfl t\ ■ J|J_ 

<‘ 80 N oall \ 3 Jj 4 Ua 

‘ 1 •’-^y ^NU.yMJSill^^^us.^i.^yi 

.y »l^ , ill ^i-48N 

•’ kji L*^Lxaj ^l oVjUII L. ; Jljw 

IF, =0 : 64N + F 2 = 0 
U), -0 : F, «(-48N)*0 
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= + 48 N F t = -64 N 

131 F, j F.j • F s *-!*$■** ij-i I 4-2 J£^Jl ^3 80 N 5yJl : oijri 
F 2 = 56N ; Fj = 70N : ol>yi . F, = 42N 



pjt JiL** J_jfc jj 4-1 iJjUll ^IjiuL-J o-^*i <> 

; iLk jjj'il '•*-* > j i Ji> ^lu.jJl jpljxjl ^y> jSJ) i tSaiko^l 

.‘I h fais ^A «—■ A .11 IjA ^ic Jyjll 4 jlC A±>0u 1^jjl ^Ki> > » i l Jjjil . 1 
. (4—1) Ujlail LIa! l^>li>J ^jji ^uJI 
^l_i*!l L_L>il jj oL*^-v *-jJ y jjll ^->JI ^ic SjJjll jyJ* 2 

( luiJi jJ jyjS F c /* i Q Jlu lij^ paioU) , ^*>JJ 

<J*iju oLAjli ijuA y-*j F 1 . y i z ^3 JJ iy> JS Jl> - 3 

. 4ju*U 1I Ojl^ll |>Li u 2 D-lfUJl ^3 SUmII ju^i' 

. 4-1 <Ll*ll wu$L 4 
. >L>JJ CuJU ciUjLII >-5 


: 4-2JCU 

jJJI x>ji . «Jl> ^ jLu >*3 400 N uje i 4-3 JSLiJl j gijll ^1 

• y^ 1 !> y 













4 

(i) 



mo n 


<*) 

: 4—3 jS<i 

(0 j d «V 

j^oui^jaia^j^ j* 
(—*) *j—*1 ji.v »WH ^ 

'j—* . (>mJI J >0X1 

/-* ij-J>Jl >-iA ^ \iiyi tifk^ 
. x »l*W 


( O'pl) J^ 1 

i w ' * J V jlLu) 

? p*JI jl* OjJUl jyUI ,>£** JLS : Jty-< 
uu/il lit; . 400 N 9 j U*j Ji-i J] j*\j Jl ^ jJjij ^1 jjj 

lijSu fciuas; 0*4*^ oUjuJ jit j^jill Ul>jl <j £ j! y>^ aJI 

f—■^ (/i^ 1 J*-^ 1 f-oy • ^2 « F\ U&J^Lt >>1 • p*>JI t> 

: (jl y4-3 Jiill j*** jA 1*5 jilull i»ia>il ji X*i~> jjijJI » JA pljLxiwb 

i’ F a j F„ j»J-Jl Oii*^ 'j** i» ; Jlj«» 

. jiUjU J/sll-Lydl : <Ll>Vl 

f li^LSjj j£x aL»£ . ^l*J^>>j F.j j F, ,jl : Jl)-' 

dhp^jil F 2 jF | jpjiJl jy*S Ji*J 4*jl}Jl pl*j u**>) y** ji ^5'j; : b[>^\ 

: <jjj t wsPjSJI J* i .V j x j**L*^l J 
(F,), = F, coh 37 0 = (O.RO)F, (F,) y = F, sin 37* - (0.60)F, 

(F,), = F 2 coh 53° = (0.60)F 2 (F a ), = F 2 sin 37* = (0.80)F 2 

_*4-3 JUL uuj oL£jlf qoa 
V Jj'i’l 1^1 /tj ^ill o^j'uJl l* ; Jl)_i 
: Jbll $ j\jfr <iA^I SjjJI j IT, -0 } IF, -0 oM 1 
(0.8)Fj + (0.6)F S - 0 (0.6)F t + (0.8)F 2 - 400 N = 0 
jJ oUSjll oUUol ou»o ^aIau^I ^ Sj^aJI J I ^3a 

: ooa-JI oljLflL jjjliil fljSUj _>4-3 JSLUl 

(0.8)Fj + (0.6)F 2 = 0 (i) 

(0,6)F, + (0,8)F 2 - 400 N - 0 ( V ) 

ji jlJjU* UjJ ^1 ^>^1 

:>JI 

0.6 ( i ) iJjLJ! ^ijJu , £j|i)1 ji ^«>)b jj^jjuII J>i Jjl> ; (1) 4-ijjJaJi 

: (jl a>0 0.8 ^ (y) iJjUilj 

0.36F 2 - 0.48Fj = 0 (_>) 

0.64 F 2 +0.48 F,-320N = 0 (j) 

: Ji ( j )» (-*) chJjI*1i 
1 .00F 2 - 320 N = 0 F 2 = 320 N 

: (_*) <JjIa1I j F 2 <**i (jp u^wil^j 
0.48^= <0.36X320 N) F 1 = 240N 
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(i) UjLII J_»o . rJU» jJ jiljfaoJI jl»I j* : (2) 4 LjUI 
^_j •t_a r udI 3j_» j_£ jkj^uJLj . F, = 0.75 1 2 jif J-o>j /• 2 il'Jjrf &\ <ui'j 

: jl (y) aJjLhII 

0.80F, + (0.60)(0.75F 2 ) 400T = 0 
J .g>' ( I ) UjIaII lj*>lj • ^2 ~ K jl ^ 

.Fj = 240 N; F lLf lt 


: 4-3JCU 


UjJJ iylj UfM Ji £j*oj jJ*» ^biLb Jul> jL uLu 0 jm» Jiu 4-4 Jil)l 
jjj j-rfjl y Li * 60 N jc jujj Ixi J**! 'i Ji> Ji jli Qli. jiiSl ^ 20’ 

f J£JI Ij^j IfLxi ji ji^ 



(') (*) 


W) N 60 N 



:4-4Ji*l ?(i.4 N 56,4 N 

yaJ! JLuUJl j iilu »jya 

> jj— a> u jjiiii : yjll ky j»i 

(v) 

. fLUl tit jj jl *m 



i JYjCLI 

? ji juU( ji *.'jL 5_j^«aU jjj ii^Lc U : Jlj* 

Liu j*j c jJJLi* j^j jLJj jL»Jl ji 14-4 JiiJl ^ k*^ : 
jjj j-tfji ji d)j jjj jli L 44 jlgLu* L+j j*DI ji ytfjii ji 

J_UI JJuy . Jxj> J_i ^ 60 N ojxJ lai yu-u i^iJI jjjJI <ilJj p 
j_i J_i jj JwJjl ji jij*> LUJl ULJl jj j—>JI f-t*U jiLH Uakll y4-4 
J] \li*i 4_xm 5jj_«aD _y/lfl yilaJL J-*»ll JyJl J> J-*)l ji . T jJ#>Jl 
. jl^i JJ IjLu oai _^^ll IsLJI ji LJl jlj ^ 
* Bpjll Ji) soiUllI oLijil j* j Jtyw 
j-* J-i ji jlD! jxjSj* jIjL Ul 1 y fLrtl j Lit jijy W jj^l : ol^)ll 
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>i)l 


LS I4J 

T y = T ain 20° - 71(0.34) T t -T cos 20 c = 7X0.94) 

? ^jullL W mBlt jd huy m ^ jjl ijfll U : Jl)w 

T juJJJ LauJI 80^3 . r = 60N a*> . U* j#LL Jj'il 
. T y - 20.5 N j T, s 56.4 N yl 

V JjSl i>j-jJl !> 4ob J. n> i ^lll o^ljUil U : Jl)rf 
t 56.4 N jj J-S ; jjJuiiSl yl y,j^i , IF, * 0 ii^WI <ub*1)ll 
: £jwu» IF V = 0 O^WI Ul j4 4 JiJL 0" j* US jL aIj>J 
20.5 N + 20.5 N - W miu = 0 

. W r mix =41.0N y 0^1 :%£3U4JljJall 
'if-? i«< Jii' jj aaP U^aLI It jilt JjLu Jii Ja» L+iSoj X' (jjkkiJl ji 
U^ Jill ujyi J5 UiS <~>ll JJ <> JS VJ* 1 US; 1 JiU! 

. UJaOj ji <L> 


oljjJ' fjt 4-3 



JLx» (jl bUi t Jj^l JJLaJ tjj jl jSuil iyt 

Jf-*b o-*} ■ ■j- Vti —l yljJl 4JI> ,y jjS* y> i> Jj'll ■^ v r* 1 

si* Sjlam <4 >-1 jic Lijlt »^L_a Jlw jilt 4-5 JS4JI Jj l> Jj ^La^J 
( ) j-Ul J! JSiH |>* ( I ) ^ <jljjl *JL> ji A^Ja—til 

. IF - 0 jl jl t Ji»J JJ a juAaII £» 
1 £ j_t uajULt Ojkdil Oa£j It IjJ iAiX><j It jS'l Jilii! 

. i£l_i a^L—JLl jJLu jJ DUJl ej_* ^_i; -Fj j F t ; al*^! ^jLJuUj jljill 



M 


: 4-5 Jii 




^ ;>JI jli IF = 0 jii.»>( / ji>i -Fj ^ F, ^(11^_« 

<ii*j jijb * jlxu i j>t I»j-i a** jl 01^ 1 ^jj, 

j-* u[y^J () jll-Ji J»^l jiiliJ 1 6^! iJL* ^ ^Ji 

. |»La>^II jljjj v-u.^j kjui Cdjllj Xji Lult jiJj c Jlill ^_kiaJ 1 
JiU,! ijjJl 4-6 JiiJL i»^yi iu^kjdl tl^>l jLv jljjJL ^yJl iitoU i-ijjJ 
jA« <>i i Ou-li J»> jb) JI '*< > >> * . ' I** 0 , * , ui' <>'il » ja 

jeJUil oh»j US' y ji*-> jibuy . ubi^ 1 j>^ 

J_jL>J ( «'m i IcLJl v-ijlic jljjJ tLkJl iLxitll JjL>J F.( iyj'j . 3yU 

o!j_* 5 j_p Ljj^oJI »j_» . IpLJI vjU^ ubs J ^ F, 

r 2 j T, yj_ajXJl jJ»J jJLai) Lillie ^9 

: u^i U*<> ^>5U ^bj^ 1 oj" 
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p. h 


iL^I j-i# y yljjj iL*ul ji 
wjLii* o<jjJ MJI yjli# 

UJI 

>Xv) 


(ji^U^I jljiVl) J*mJI 

rfi u rft 

. jlj^iil jt L»Uaj» S*iM jljiu jlp Jlum jjljJjJI jiJljll jl jjj ^iiyi 1 > 

yl JJuiJI lju» i 4-7 JSLill j* LlLjjJl oI_jjJUJI Jj}lt ^Lu 

F.^ j F] >*!■>>* Ujijju l> j»>j Ji> Oj>y jjjj ji l* l& > S^t-Jl • 

: ^ jl trill jlji* L»JuC pUauJl jl k_rjL^l3l jjuJj 

(0.5 L)(F|) — inil^Jl £ljJ y Fj 



jc. ^ JfkJ i u; jii 
1—. Uit^ £lji J ;ji» y> J-«U 

*• M J* 5 * 


jii (I) 


: 4-6 JU 

• jJ* * J* Fj ) F, jn oP O' vw '■*£ 



«jjJdl (J-»p) io- » U'ijuj . 4-7 JiyiJl <jj> « LaJI^I frljj » ^ pL <iM> 
: ^‘L L£ luiUI fLj Jjj »u jLj (»yU' <>i< 4*1* 3*t^ t> 4*j) 

jJs jjjUl j_Jy jjJI JkiJlj j*ju> OJ^**!l uLJl y Li ayJ ioljJl £ljJ 

. 4iilSl.jl 

US JJj Jw- ^ lj j*** j**i 

O^ljjl fIjj y Sjill J-oL> JjLw jj>J Jj> <Ja—'I^J p® 

. T = i*iljJI ?\y x ijill ; ijiJl »i*J 

J^L IjLi SyJl Jrf L> o£i J&\ <JU1I Jb oljjill p«J itlfJl olUl > 
: ^ i ljiu> 5jtiljJl jlji jijie y4-7 JSLtJI j 1*5 
T=OxF=0 
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( jJI Jrfill 

Jj-» Sj-iUl 9 Jl<_J jljjjJl (j* j_ps*J^ Ojtll JaP ixi- J»i bjUP 4 yjj 

. i jL> «ll3j 

J-*) 4 oL>j jj yui olj>j ^*3 jljjJl r > Cil4>j JP Li 
. SI oix>yi pbaj y (m.N) Ju . jdiwjJl 
JJ o^—jjj j F) O' 4-7 j 4-6 ^K-Jl JJ tp>JL> 

(jxioLill yljjjjl j-a\£ < ,l»li»4 uult W_L»J |kj jjj > ^jjLoil jx*l>vil Jk 

ySJj , U ol>Jb UjIj Jaxijf yljjjJl |>jP yl lj* J** ■ LPjbuPb yxijiJl 0* 

JJj Jj_> JLxo (jLnSUi*) jUJI jLl>ji ol l3^b jj**ll jl£ Ij| 

jl* IpLJI wjjUi sL»J! ^ l—tAj>i jb jLLjJ^ll jli» duu^j 4 jj*Jl 
^ ol^jjJl fj-£ *W3I i»jj O' i£*} • **LJI '■fjfi* 0bj J dLj n' j* 

JJ J_wJ jjJI ijJb-Jl jl 4-J*jll 0i3jl—i)'l JO>l t yi>A» »« ~ ti jl*U*Sl 
0-*J • l-*£L« LtljjJ ryjli jjJI iSj»- jl y*uaiJ} j^Lao^l .1*1 Jk p—aJl 
: AjiSl <i^k)b yljjjJl pjp tbfJl \mj jl 9jU £auI 

icl—J' OjLii yljjJ *1*31 lJ JLc y jljjJ Jj'd>l Jl Jaaj ^ijl f}J* 
jljjJ *L><jl jj yljjJ *i>J_>J JJ JjjJ ^jill yljjjJI M)P ui . tfjiJl (ccw) 
, wJi LJL y*ii (cw) ItUi wjj'if 

4-1 J>&>y 

. 4—8 JiLi!b Owijll i5j*JI i> JiiJ jljjjJI fjpj 4*31^1 fljj J*)l 


: 4-8 

»J» Jil u’jjJH j *»M £'ji *j 
• Jl V*i3b 
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(jl/Sfl) g\J\ Jrfill 

: yl* * US f)jt ji ©jSi jjLJl oljli|ll ^!>Ub-oI ptixLdjj . F 4 c*ii' 

Fi 0 
F 2 +o F 2 
F, -«F 3 

F, >bV< - 


4-4 

r-fd jljjjJl fj-fi iJ'ijJ SjSil ^IjjjJl ^uiill jt juu Li^f ji jaj j^lj 

«_jjL*oJI ojjji jjj . ,y^l k^JJl iiU-B Uulc J-^-Jl jt 

*—>>»! I Sj-Jjil Ob^ fjj* jjb" i>t USL i>l iLjjJl 

, iuUl iwijULc st*Jl J^£ J jljjJI ^jt £ UU< o-jljtf ubj J j 

f*>J 'J-*** 11 oj-^d ji V-N j^l**-* 1 y^ 1 ^ j f**^ 1 u£t 

ijljjj #L>Jl j*£t jJ) kUl oj 1 * 6 jljJ »M j-» J* Obl^ 1 

, \ju> iULJI ujlifi 

• ii|jBU jilill kyJl j* iw-sJ 1 «i* 

IT J- lu~ iJI (L 4 _i^LijJI 6j^-Jl ^_J Lj«JI li* i£*i} 

: 3^1 ^Ull J»ySJl i>L ilaif « ob^’ fjj* £*»* &*** * 

It = 0 

^3 JjjjJl si* yA>Jij . JW-**J| ^Ijjl JjjjJ JS >~i» i-ui 'iff 

IF, -0 IF V ■ 0 It = 0 (4-2) 

UUJl dls Jt i obj-^ (je jM^Li« o_ji)( fje- * j » jl*JJ*-ail fjiJ-i 
, jl>I^ *j j^* ^ikJLi L»> . ^ j*JI ^IjJj sull y\J U b*^ 
; juki jj* dliSj i ^IDI jij jj jjiliJ «jL)I olk,.> l>:J l ^ 

j_>Jl Jakki 1 J p*>JI Jt SjSjll <5*1)1 ji? Uf» p! 

, jlJJ^Ll jiLSJl kjJ! JmU jt jljjjJ' v*— > Uj^-s jjSu li* ^ij 

jjb ji ij> ^fll (i< 

ijJ^il uW< C)i ks 

. Kj ^UJl ^-»>U ^UJ' W»> ll J ^Jl Jt 


j^iy jj ji l ^ iij* ol si * likjiil * 

. Sji)< li* JI jtiii i*lfjl ^HUJ 1 ji 1^4*5 ji «2jL>Jlj 


- 185 - 








( jiyljuiVl jljj’ill ) pljJl J-iil 




Ji-* 1 ^-> Jl **-»* 

j-x’l > _-ai j3*& khaki j . Aliki* 

■ (v) J Cut* s 
• M* 'I**® j-jj ol 


: 4-4JU* 

A_»jj U-»> ( F) <jija a>i Jj» jlj^jJl Ai5J L Alya L-ai 4-9 J5uill jt jy 

. ^>*i! Ojlll jj J.UJI dUI j j 4I >^l JjUl j 2000 N 

t jjiisu* jyxw»i 

9 j->J ^jjluJI Lk>JI yjj i iVj ^niv ; Jlj— 

»j_> liuLt ^*>^1 JlLJl y jmJI jUsj] y ji kiu> : 4-l»}ll 
oaJLfI judJ j! duA>j . JjLo.ll jl yu*JUl L»] i JLJl Ii* *j J^uj ^Ukll> jt 
jLl>l Jjji y jj] i ij.iiillj t JLJI j* J 4 J >_i,i.Jll - By)ll 
i ii Ail I jjJlil £y\ It ; J\y> 

jaJ) ) . P JsulaJl Ifi yy jy ^ij jALJl >> j* ^ 

, ( >.i.u n ill jjj ji Ij^Ju aJ’-JI 

V JbibJl AkJ^j jjJjil jyJi ^1*1 : Jl)- 

fj <jij| V It Aj-iIj By jjUAJ jJu jSJj ; Ajjjl ^ jit* y(- li* . 
yj. A-LjJjj jaII ^jjluJl JaiihJt j Lj*[»jl Jolij ’±>A>J Ijlj : JlL 


UL jJu lju»j t aJL* BjLiL ByJI jljju jJU J-xvJ Uls 0 jo> Ii] . ol>VI 
Lji>l IjJ Ji* f\y It ^ tjh J£ jjL-/ i V^LU . jjoSLII sLo’il Uji>l 

OljU^I ^u*3 ^15-% ‘ A*l^l BjLi] jl* yy j) Jli jlj ik>JI jLjO'il 

, CjLjLuJI it^>[ ole Ju y Lt5 
? ,jlLJI JLJI Ji j«lJI ^u *5 jSuj J* : Jlyj 
x-i)l Ii* k ^jj . 2000 N ^jjl J**J ^jiJI 3ju>yi ByJI y juiRj . yj 
JJ LL’il j k*» ^»Jl ^o>U ^^ *^1 ) 2000 N jjLy ji 

j_t» v JSDb j*Qj aJ 5 k-u J uil jl Nek'll . o4-9 JiJlf joio y U a 1L«S'I si* 
yjl yl*JI LL>il ji j^xJl lfll5Lt y iy£\ 5y)l ji*t y 

? J^l ijJJI jt cvjUII oVjLII ^ U : Jl)- 
IF, =0: -H + (0.6)T = 0 ifUVI 

IF, = 0: (0.866)r + V - 2000 N=-0 
Jyi*j 4—jJLj 3JjLu J] rli>0 lilli H i V ; T y J**L- Aj^ LJ jl) 

. Jo*l»Jl jJtj 


) 


? Luk: jill ^>^ll ijfll U ; Jl)- 

. IT « 0 t jly^J ^Ifll i>/i\ ■ UfrJII 
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Y jl^jJl yL*J l* : ‘J'j- 

o*jLJl Ljj*p ijy-x« Liy>l Ijl jflj < l 5 j .S j)** >3' ; 

T SyiU iJ»Sl V j H j^yJl J*c i>^> j*» P j*i 

ijL? Lfu JS jljjJ f>e i»£y >> 

f J-a^ ^1)1 ibUll U : Jl)* 
: iJjUil J* >>0 o'jJJJ' fj? ^LW t^ 1 f 1 -^^ : 



-(2000 N)L + (QM6T)L = 0 

ij> ^ ULa> r * 2310 N ji ^ jA** 1 &WI (1-^4 i3JfciWljJ*» 
ouui jj d&y ! jljjjJI f>* <J jl " Cm H^ 14 -^ 1 ir^ " 4j ' aJl 
V j // J! Lf-l»j y j X jiJjlM JT'^ofi jA^yiSI 

, //= 1150N, V-0 U*)fl.4-9JiA)l JV S H* } \ . &/i 


: 4-5 Jli* 



M 


: 4-10 J&w 

^jl j> Jit j 900 

jij-A* j*-J—to ji cy* 0“ • 
j-r J-* ^ jPA CJ® y 56 
oUaJi jl (>j . 

■ {4*-* jt J# J^l 


. jjfiJl r>j j*-» t> *u< y jii)l dij jlc 900 N o\j 4-10 Jiill j J>. JI 

, j**. c yji coj 6 > ■ rp w* ju j^ 1 *y 

I ^'.ilrt‘14 JVJLltiil 

Y c yj! Jfi l/y\ Jjill s U : jlj- 

^U5UUI Lf; jijj jWJl jll^i^l J**"i J! J}' : 

jjp »L»Jl ji jJ o*jj)kt Ji-fi j^M Jjf 1 f^* 4 J *J* OJ} : 

. ji*ifiJl Ly» 

i-j '- jj->lj ji jo^LjJL ^JLu lii£Jj i j^yoi ^ 

Ijj Uii Jl jj-^13^ 3jLi)l* j±*>j ■ jW^' ^ ^ ^ ^ ^ 

Jy* L. JS jl* j*Jl ^ ^ ^ M ^ 

^UJI kitfil gijy lj«j . Ujtjii i#»- <-» > ^ ^ 

,F. ij F l jilyJJ i^Jll oljljli-^l j> 1 (v4-10 J£Li) ^yUU ^Wl j»)l 


Y JjSl Jjj-JI ja 

ji jLaJ IF, -OL^JI j* ; jj! t Ik Uii Jji 6' ^ : W 1 


F, - 900 N + F 2 - 0 
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4- 6 f-il 1 fjjy )* 54-to >iDj xxJ * 

















L-ijlP j—le. \fX jV J* 

4^ >>“ ^ jl IfJ* ¥W U j'P 
j—V c'ji u' J «*-U • d>* 

^ Jiis 

. C. jJU v 1>1 

? jlj^jJi fij 6 jkiJ jy** ijt ; Jlj«» 
j-h ijj_*j JLill ji>J . ^yJI jl i. ij* : <LL>yi 

. r^Jlj ji*iU)l A>l JUI <l»iD j»j A <ulilb 
v jj>Ji lot ^l. V i W k,/L ylili LyJi Juki jj L^iif J-o>.j yJi oulJl U : 

-(900N)(3m) ^(l.umJsO U*?l 

»Uy»l jill J^» jljjj jLi«j 'i l^jS <JjUil oj* y *i F, jl k*^ 

4_jkoJuJl oL* . Fj = -1800 N j-kO jljjjJI |«y iJj'ju ■ AjkalUJij Jx)l 
j_xll *~x>JJ yl>JI kkxll y objJL>l 11 t^aSLiu F[ dL>JI jl iJLJl 
: ji ixi ,juJi UjLm y iuii! txfj 
F., - 900 N -<-1800 N) = 2700 N 

< oLL*^! ^_Lc J n>i luli F, jyli aLxj^l jkL>Jl jLi»')Jl ii$j y>j 
oLLJI »lj->[ y oljLi^L liijjJI UlL 

JajJI jSj* 4-5 

i^jLuaJ jLukt Uf-Jji jl£ jujI ^ijaiiu 4-5 t 4-4 jJlill y L/jLu 
1 ch»j^Lj ^ jjLikj jj>j jt jl jiju jjJj UjSIj i <Jj> jljJI r jy 

olj-mJI jl Ljuiy jL; yUJl JuiuJl Lkjlii* . 4-6 ^JUl y £*kjil ij* j-jlk 
J-£ jjj L*4*£ LaxXji Lr k_J uajjl\ lj_» jjj . JLu»J j£*J jiiJl <>jlj 
yl_ui kj_l]l j_ukj j_i> jLup'il j-J jj^Jl 1>^ vJui <Liiy j"ill . o^ltxll 
j-i»i u«fc>Jl )J JU 3jJ jd>L? <ki> ±>y ji' i y»*> . jl}3^ 
V jlixll j^>uJl Ji 4 j_u 1L< L^J f^ljj k_iLk> 



- 138 - 










1 s S R 


(v) 

: 4-11 JSl 
• #*4 $ j*>» j*l*iS <i±J> 


j— k «__L 4*1j dl_u Li jUl t it U Ji 
jL^a ji U_i*j . L+ft Jij 4 <UfcJ 
ji—«N Li>) JjJjH f> 

. jj Jl <ujC *UjI ^jwi JL l+li IjL# 


( jtj 3 ^ ) £^1 J^ 1 

jj u-&) • f—> ji *•>*■' £-**> yy syjW 1 J i> 

■ <-Uj ^ yy { |fc—»Jl jjj ) LijLJl »y ji jJjj jljjjJl ^j£ o'jL* 

sj-* .*-^y Chi -\ U—iS j^l (_5jjJ . |kw>Ji (c.f{) Ji/ ySy LaUi cl# u oj 

1 .l t g JiijJl 

JJj JjA>jj . 4-11 JSUlly j^Jl ^~o-JI Ji* jSjj *-j*j ^jjju Li I 
j-> l i- > »J l ji jjunjj} i A j5uJj Lai jl> J«flil Jxii jj "i|*i JUj 

J- X y ijj_ It ili LJ15 Djji JIaII »~0>Jl ill Ji Ii| , P <LiJL jU j}>u J*> j JjJI 
JU# , ok BjJJil jljjjJl jljj'il Cjyju JSUIj jojtll jlji^ll U) 

i_JJl ^ xlllj JiJ JJ Lrflj Ly-’UJl 6*3 La p_oJl j!p Li jlljJj* Jjy 
jsjJjiJl J jaLajSi jl_j iLIj j_1p B^}L . ^1*1 J] jJij AALfhjtj 
^j-£ jLs P * LiilL j_w ^ j»ll ji i*i i>j . ji^JI <JL> plLjjl jS J/io jj-du 

J>> j'j^ 1 ^ * <*i*j •'/-» J* J>> j^ 1 »y ubj> 

j(_lL Ij_a . JLoD IjjLu ■lu jl>JJ 4 v>"t'i P Jo- jljjjJl |iJp j^L jl Jj v i IJL? /* 
i I 4-11 JSmJL AS ki*Ji »l>Jl lyj» i^jlxli jXi 13 jiL> jl5 Ijj Jals L»a*-j 

P *kJL jlllj 

oJu ^Ij.vo.'y . o4 11 JidUU US M o.U*-' *—lai j* ^-oJI jJjuj jil *ill 

- Li 1 HSU MN la »li LUj _/l ^_Lc *_ujUJl jl ^Lujul jSuj jjLJi jLiil 

Uai jj-O-JJL. jjk MN j AS jeJov'l j & iijlU 3ju>lj -Llai JL# ji bv*> 
j-SUt. jilL»Jl U1S jS <_ujUJl y-j\j Ui ^ C ji JJj ^liu . C L^aLL 
jl J. V . U .J jjjUj • Oj>ill jMj jljSJj <i!U <Li jj fc-oJl JJ j jj J/LJI 

j j I JJj ^(_( rJuuuo^ C 4JaiulL Liu I ytuj UUl jjJjuJl dJaiu y>J Uiij Ua> JU 

P~**ji ja js^ j» c j 
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B«_i3 jjlj b aJbJu Uj^utl jjwl iliuJI -ilk jA f-*jJl Jij fiy 

, jlix< j y** Jj> <mJj jill jljjjJl yL> oie ^Jl J* ijijil 

0-* ppllj olfillj dljSHj jLoillS t Jju«JI JJUJI olj pL*SU l_Jly 
oj_» jp jl JjJj-aII j-» o*-£) • jSjll ^ Jlill jSj* £Aj iullvu jl y 
P 4_(kui OjLi j* £jloll J^kJl Ji3 jSjti . p**JI Ojlj Ji.|j iibjj iU; iiuull 
. iiWl J y ljy>y OjU jl «> pL L-l+Jl t£y J p JlUl J^ 



(I) 



: 4-12 JU 

• J ^ 1 f^y 


jjLiil j^xJ! 4-6 

11a pA*u_~u U ijUj i pj jljjj j^xj jljJl 3JL» ^ jjxjil p-xl) U iJjli 
J& J ij >*y Op *1 £*iyi j>aJI <i* Jl* jSJj . jljjJI fjjc v LxJ ^jxjl 
»ljJ J^_X* <jl jl^il J) <Ll£ Lj*JI 111 ji ^miaI! II* ^ Jf Jjw) . JSIjll j, 
L-JL- tf* f“P 0^ j p u& i>J • jillll i»j-2Jl jpu jj& Uwl 

tf 4 * 4 P> ‘ **P ji f-P J>L P il >- j y* tfi Jj> jji V j'P 
ip- opi ji S^N. jy^ (Jij ) ji Jj-» ^ JjJjll ijili jijj ^ 
Pbj 4 >n »ll oLiJ JjUoj Ljl> ^LnJI J*Jjuw1'l 111 ^jLm lUj £• liijj 
jj lijlj Vf r cJjj ob^Uj pLj Jlu <5Ul 4-12 Jiilb j,uil Liijll j*jjuJ 
<J* <P £p* ,,iA £j* • L ^jtj W* Ojj f&j ^ 0^ ^ ljfc 

J-^ 1 P ^Ij j-» Li LLlJI jIa xlc W* ^,jj li|Jj t »jS^ 

^,t 0^1 0^1; Jj— . ^2 J r, j*bl_>jl jiLJI ^JyiJl ^1 . o4-12 

• jLill JjA'il jjif -UIaj ^ >Xi iJlxJ jjljjjJI pjjfi HjUI jjjiSl b tj-a!l 
IT = 0 jljjjjl fjj-fi <ijUi jl oluj dlb l jj*>i Hail'L i jU Jsi> 

: “jP 1 J* 

-T,(a) - Wb (0.50L -a)-W, (0.5QL - a + b) + T 2 (L -o) = 0 


: a Jjji J> bji>JI j»a>Ji ^a.'iij 

-fl(T, - - W„ + r,) - 0.50 W fc L - ( 0 . 50 /. + A) + TjL = 0 

pLUJl j^ ji 1^-1 lu-o jjL> lljLil «lb y a JjU* ji i»Li[ HJ^-« ji^j 
• k aIa IFj = 0 ; jl slilj jljjl ill> ^ 


r, + r 2 -w A -w p =o 

j_4j ljL» ^U,[ ^^1*11 axil jjj i <JjUJI ^ a wj^-i JjLu ^a Ija ji iiu>^ 

^ ppl 'ijL* jli 

- 0.50 W b L-W p ( 0 . 50 L + 6 ) + = 0 

lijLuil (pj* J Pi • jLxIl jj>Jl pj» jl a oum ^ j»j 
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( jSjjlkl'llI jljjVl ) 


: 4-13 

(l)0-*ly»^>SJ&4 rf >I 
d JikV . (y) t >J ,j ibtiiAi ivi>« 
T S\J^J t .}yUT^ 
.4! iiiljJ £lji Ji Kje-i t S ikil J* 
100 cm j P Jjk ijU 

B 


. JjSl jk ilbJl ak j 

LfJUj/ j <11 ^lj <kju o»l> ill> ji ok jIp UL*> L«i 

: 4 j£ll 4 jUJI CfyuJI ^k ULxfc js y^l lify . < 11*11 

, LjLi»l jOuJI jlyL>l jljJl i)l> jj k 

6<jjj (•> ^ li#o ‘ *1*** 5y J* k> jirf »Vj J.H 1 j 1 ^ ijU J 
• OljJjJ' ( 1 ? j* V/* iyj> -lib 


: 4-6jik 

jl£ 1 jli aLmL> jijt jfi Jail** 50 N <Jjj Lkk \iy* 4-13 Jiilt ji*e 
ut^Syi U» l»j r J^aJI J-Jl J> kJI jlJi* 14 • ^li- 1 u'y 1 5IW y J H' 

? JjaaJI ^jk iLaill If* jJ_jj jiJl iyl! Vt*^ 1 



1 ^kl* JVJLLzI 

^Lwll UkJl IfJjitSj JH 1 J* 5 y JI <V** 0^-i J* : 

S j>Jl 

.‘11 -J l »Lxil jj S jmaJL, <JLwl <tuD ok yy j4*1* j* k*JI : 

50 N ojjjj j_^«Jl yjj yy l*£ k jjmJI JJ> j k Ji-i J1 iL-ij f'y 100 N cyJlj 
jijL yp Jjk l» oyj yyi Ail* LlkJl 1*1 . k-aki ik Jiwi J] LJ) 
uySj Jii . H Ui! I6y) V AfJj I6j» lyk ay 1 ! ok J^3 yky » 

UjLiil yl5 % . -4-13 y US >k 1I ^ jiyi Jalkll 

x*IL ^3 jk jtyHl o'lljLu Jy> <> VjH 

f jj>JJ r-ilj jUi^ 1 ■k’Ji J* : 
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(i Jjfl i) pi yi 

J] J)iiji uJyT 
. J^JI Jj j^ ^ f3 * u*j ^p jH ^ 0 v. ljjJ( 

• a 1 /* 1 vijUl JojJi ^3 jji . ji^ 

W 1 *** W M > t+* SjiJi »i* . 4 jL>VI 

. wUI y> o'jjJ oLfJl ^ y ii-itu jUI J>a ji J^ ^ Lpf 

• J/fi A^l! <> ojUJI oXjUI ^ U : Jlj- 
: JiH\ ftL^JMJ yJL : U>)|| 
H-T r *H- (0.80)7 = 0 

■ j—jjl «L>J'iU *>..i.'J|jj 

V+2; -SON-100N = 0 

: ji 

V + (0.60)2' - ISO N = 0 

• <> 4*^ jjJl <JjLJI L» : Jl^j 

5jJU< U ' ‘ * U ' ^ J> F J >> ^ yyu 0 U^ jlijjll : ^1 

: uUl o> o'jJJ »M u-^ ^ jljJ J f>* ff«3i T f 
T y (1.0 m) - (50 NX0.70 m) - (100 N)(1.4 m) ^ 0 

i } 

(0.60)2X1.0 m) - 35 m.N -140 m.N = 0 

• !/* ^ r> j 4-4-! ufr. JjJj iuii j,s t iyu viSi ^ii 6 | 

Lc,jJ ^ k ^ ^ uijJji oytyH ji Jtf 

LfJ luiljjl 

^ w 1 v ‘ T J» >U. %U ji oUjU* UjJ J , liiiuij j*ji 

LJjU, jifaj . •yyk. ^ ^ ^Uli^Xl ^ 1 ULll ol ^ 

l^u ml . V. -24N J H .230 N *! ^ ^ j ^j, 

. Jiwi Jj V al*jl jl L^bo i^jJ! Jb ^Jj Jf) JJ v 


: 4-7JLU 

4-UJI xM\ j—>» i . 14-14 JiUL; te* 3 * Li 20 N 9 j |ji, 

Jillj opLU 33^1 ^LoJl ^ Up < ^5Jl 5^1 iyj| 

^ * 35 cm JjkJl i 65 N j^l ; ^ ^ Jl>i ^ ^ } U 

^ jL -c& <LbJi, ^i)i ^ 10 cm ^ ^ ^ij ^t ^ ^ ja,i 
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(_ 

. JJ iu-JJL 20" Ujj3 Ojlj ^ ySJI ,> 3.5 cm 



: 4-14 JW 

£\jDl y-i ijftJ JjW JiLvi 

•J'V 1 

■W'Mu* 


T,, jin 2ft 6 



W 


I ‘* JYJlu*' 
v jljll <Jl> ,y 0jUc> Jljll f-^ 1 ^ ^ : J')- 

• Obj^ 1 <& v 1 -* 1 ^ -> U ^ S *' WI ^ Ji)l C* acLJI : 

? ^Jl ^ ^Ul Lk>H J £*y Jj * J*Wl jk W ^ U : jl ^ 

[, ;♦ - 1_i*Jl jytfl U» ^Jl W >.u» >i±i> ->4-13 i '-r’4—14 yfli-J' ^ 

^ui jiai jj j>wJi au £* *►** ■ ,4 - 14 J^ 1 <> J^'J 

y ^1 iy ^ i *JUI u-ii JI UfJ'j ^ 1 J ^ *' ^ 

. oL-lSi j! Jib'll o» liA <> J* ^ 

f op >> w* p ^ juil u: Jl ^ 

p OljjjJI rJ > vL*J r lji ^-b : W 

IF X = 0: ff - T„, sin 20° = 0 

IF v = u: V + T m cos 20 5 - 65 N - 20 N = 0 

lx = 0: (T m cos 20 U X0.035 m) - (66 NX0.10 m) - (20 N) (0.35 m) - 0 
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M 


: 4-15 JL& 

<»jj fkyk j&i600 N IfiJj ii> 
uJ-S u-^i klaJl j' (A* . 200 N 

yiOr^us^UyteijS^jijjiii 

• (v) »* 


(^MI^VI) giyi >111 _ 

<-ijill ua > iAjvlly . T„ = 410 N ol 

U 1 ^ 1 fj}* <> '' J>^ 
: ^k tfjill ^aJoIaa J 

H= 140 N V = -800 N 

• J*J J! v iL(ji J ijui ojirti 

T m J oUJI diSi^ J* , p-*J| yjj jjii ^yji t i» £**> 

^ J**3 y! <*UD yaill <> |JU i Ciil fljjJl 004 Iji ll> l^S 


: 4-8 JH* 

53 n U,oi Ojl); Jaoa ^>y l$l> Js 200 N 4Jjjj 6.0 m <J^i> pkk. pL oii- 

fLJl oh ■>>*) (X* Ik jajiit . 14-15 JiSJb yAM y» US ^iiSl jji 

lili . ft = 0.55 y* ,JJI & JlSi^l J*Lm 0 1j 4 UUlIj 

yi A oLu j-Ji L» i pUI lli (135 lb) 600 N Lpjj sly oo*- 
■’ 6^ i <k*li (> |J_Jl iufcJ LilL i pJJl Jt #1^ll Uo*o 

■ ( joikk JVjlLaI 

V jjj£ fliijl J| sl^ll kAa ojw Ijl pUl ^44 : JI|-» 

JxJl yljjjJI pj-^J iail^ll ^Iji jjjilj pLJI ^k iijll ojjuo L*li ; 

kJLiJI o_k ilLJl j-k ijjjll l 5jill jk ^ li*j ; jIa>a ^ Jj> Lfij 

OH Jlik.'il lyi jj> } . O'j-3^1 jj <** 1—01 ^yJl to* J 0 »! yllj . 4 *^ 
^ 5^1 4*011 p SyJI 30* oolj loti . o-ja-a JyaS '<*£ l*J t iyifi I, JJI 
. uUl Ojli* yljjj obfOl J ylj_joJJ CkAU pJL—M j]_uj Jy 

<■ |JJI JttiU\ } VjSl t* )y JU jyi\ u ; Jljw 
s^jSi L,i i o*ji jj ii ijbi jajkii ^ ji^^i . oi>yi 

yikii L&j 1 14»il—>Jl ui . Jki J| V^-lj 3y ^ 4Jlo 

.jUljjP^i 

• ^ ti) u 1 ^ ^ y% ■ p4Jl oj) £A> bt\ J> : JI}-< 

y^A- iiok . 3o*LiJI Cm X JjXJ Juu ^ LaU Ji'y l^3 ; J\ yi I ; ol>yi 

. y4-15 J5—Jl rj>y y U pi—U H-uolL _^>JI pm^U ^Ul ILkil 

(“ pUl j'lJyl hy <A4 uiyAAj J4^|l Ijly ji Kit kiiao jjjl U Jljw 

?*y sft* H i>i JL*W Jtf pij* ^ oUaI y v ytil : 

j-lkJI Ui*U S>lill X i*j jUaJ yS^A-, oiokj . C/ljjUl J>yi> (\A3Ji X iijll 

. H i^Lli l>u-li 
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( J4 Lbll ftljAl) iH 1 _ 

? ^ JjSi i^All j-lrf 0* <*iU)l c/JjWI l* : Jjj- 
tf-P = 0jl j* 0 IF, =0 : oL*.V! 

//=P :oi| 

200 N + 600 N - V = 0 j< lF y - 0 J»jJ' j») 

V = 600 N 

Lj_JI 3*4*5 ^ L»JUl UjUII Uj jljja)! vLjJ jlsW jjLkiJI J . Jlj- 

tj* 

jL jUi>b jijj-Ji fj> c&t 1 ^r' o' ^ 

J_£JI A LLiilL j-k Li» 3*3 ‘ f-^ 1 ^ l# 1 ^ &• 

: j A J>> J34D Wljll jjil ji jb- 
(6.0 m) sin 63" = 4.8 m :P'*^ 

(3.0 m) cos 53°= 1.8 m : fLJl $ 

x(cos 53°) = 0.60 x : il>l 033 s 

; Jfi IT = 0 jljjjJI f 3/ *1^ >J 

(4.8 m)P - (1.8 m)(200 N) - (0.60x)(600 N) = 0 

? x 3 H o« ^ J )-^ 1 O^i ^ ; ^ 

V H j-i, A ,1 i.j. ff=P jta rfj8' ^ u 1 ^ : W 
; ff ^ X J! U-VJ1# lfJ>J jljjJl fj}» j P 0* 

(4.8 m)W - 360 m.N - 360x N = 0 

(WW.[iU-i m 

360N "175/ 

\ (r m J x oLaU l/ *Wl M 1 Jam ti^ 1 M 1 ^ : ^ l >* 1 

««, *™» Oil • a £* £■>> ‘r*- te x *' iJjUil ** ; ^ 

* H mn j**» liLw : 

^ 1#-j jiy jJJi “J* 11 F -v ^ ; = ft f ’ v • 

V = 800 N o* ^J*jj ‘ “i* ^ ^ 1 f^ 1 

■ 0i| • H mw = (0.55X800 N) = 440 N j ^ 

X ^max 440 _ 1-4 9 m 
76-r 75 

jpjl ChP 1.1 m J!>> U£ J| djll ^ $yi r LJl $ 

. pUJijWl 

y ^JJ ^OaJI JjWI J! JyuJ\ ,> pljll o^ ft 4i(Sl>^l J*l*i <4 jM l* : 0i3*J 
yUJI ^ jrtl Js. 0.66 j u>i ft : ^ 
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: 4-9 JH» 

\'P ijy^, ijJl oj* jl^J. 4-8 Jlill J] jail i J>\^\ J>a j! ^1 Ji r [^j 
jW Ion ji ■ fLJl £> p lift; ; v 4 15 JSJI J B JkiilL 
A IkJL jU jyKt pb*0-^ Lf.Jp LLo> ^ili <*-£11 ^ ^Ly 


D 


t ( jiiUi * JV jlujI 



Y D Jy- jljjj ^ LfJ ^ j}Lll U ; Jl}- 
. b <j»ui^ (JJi $}} n ■ u>yi 
Y B J> tfjili ailjJl £,}i y u : JI}* 
4.8 m ; iUuL'I j-u t ti IkiiU L-JL : 4-l»VI 
(3 m) cos 53" = 1.8 in ; VSjlll u-il^ 

(x 3 ni) coh 53° = (0.60k -1.8 m • »l^II jjj 

ji Ua>j &>l> Ljljl>l jtf I jj j£J«.< > 3 m ji ^t*JI Lk>ii ^ 
j USj liifLyiy jljuli ^ »Uji ^-ly il»j k LjL i«iiyi fly 3 ; b] jjj 
jljjjJl »Laj*!( yi- oUl»J“l) j^p <Jl> 

• ^ SjLil HJjLxi Luky J^y 

Y B Jy> jljjjl rJ > <JjU, U : Jl}- 

(4.8 m)P- (1.8 m)V (600 N)(0.60x - 1.8m) = 0 . ^l*yi 

Y Jj"il Jjj—JI 'jjjUj o^Ju ja : JI}— 
3j3}ll jjill ji jj>Jl Jj^l kytJI jJLy Yl : Ajl^yi 

j-* W* LlLa> ^1 SjJUl o1(jU« jjl, tiaiiLUJIj J>J| 

: JJ Jj>li iJU 5j*>^l <JjIa 1I jl , H - r j V = 800 N : ji ix> 4-8 
(4.8 m )H - (1.8 m)(800 N) - (360 Nk * 1080 m.N = 0 



J-*— 0.50L — - 


I , w—nr.7L—*■ 

<¥> 

• 4-16 Jl- 
W A* > JJ* 11 4aJ jiy 

EAfJl 

. J14I 


ji x »0 tkj 

(4.8 m)H- (360Nk 360 m.N = 0 
, 4^8 Jllll J} Lfjp J^-»>JI JjLJI x j H &j oWI ^jj jA :jj»i 


j^JaJI lu 4-7 

!*•■••*■ * <—kl> OyJv— iL_J> JUa jl JJ JLklxul ^.fAiL; oil U^j 

^J 1 ^iiyi . OUj £*>-» lju» ji L j3?J ( JJj 

<Jl*J! 9M J 60 N Lfljj ^ */ ^ ilf-j Jill 14-16 JliJL 
Jai^ jlS 1 jl li> IjifS <LaP ^3 JuJl jlS Ijl jftU jLf>J ji J*1»JI 
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() ptjJi lM' 

tJyJl ojjb yL*> JfJl j<j . Ij> \p <-ibj)lt J-i* p 
j yiiJl jj>*JI Jj*L-u I a* ji . JSuDt j (o) */JU te* / US Jtyl 
Jtj* yij p\ Hit. j jiJI / T n jl oip . Jb^l p Js\ 

j_* jy-Ji *j»ji j/ ji t v j h u* jijj^i j-»i» jit >yJi 

. JSJl l^il sjIaj'l 250 N jk J^jJl 


jiif V LliU- « » I 3ft >u«h 

ji i^-Ui JtaJj ji ifi 

d MW ^J&aUfcjykj ■ 

tr-* * >“* 3-* tH 5 * d-M^ 



uuji «jj» Jl-a> ^jJi c/skuii c»ijsi ui> y ijSJi j>yi j*»j ujii 

■ ijp\ jit 

IF, = 0; H - T m cos 12° = 0 

IF V = 0: T w sin 12“ + V- 60 a - 250 = 0 

It = 0: (250) (0.50L) + (60XL) - T m *in 12" (0.67 L) * 0 

UjU* jit jjujj <> tsb). j^^ >p Lfv** j^ 1 ^ 
ju»J T rn J| w-JU l*_i> pJ L jit iljUll ji^i i*-i ( jij|JI p|/ 
ji* J—a>J j^ibLull ji i*iJl ai* jt jii|AjJ^| T m = 1330 N ji 
, H = 1300 N » V = 32 N 

jlikii 60 N jjJ 3jS ji j* pi^U* U* ip 6p i‘ ^ 
sjjk j|j> jj liJuLH j|**Jl jit a^jil SyJI jl US 1330 N <l*t ji til 

ll^xi ljlf_*l b p-»* £>j) dbU>Jl jit ili jj| i> • 

jlj |Mi; -u oJ*>| ‘LajjiJl pi) ji ^ii| p-tjJ 1 oaJj 13] Ui . ■tip 

^3|JLj fcUL-Ul# dL)j oLwi J_4t - i/ 11 ci * 

, ^4-16 Jiiig jifl' 
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(jljSVI) ^Ijj! JrfiJl 

pLuJI tjlj^l 

'Jf Ijjli (jtfij l-LXj J-oill Ijjk CUfji oij y^ll 

fij* (-* ) i o'j^ 1 fj* (-*) 4 ^ <*t') 1 (i) -1 

. jKjoll fjt jLa oljLi')ll j<ALJj »iuIa jy* Jj 4 jl-u]1j (mu iy jt gjUJI jljjjJI pjp jLfyl .2 
. iblu i jy * J } oUSJl, jl^l J>jL ifltf.S 

• jttSl pLu^l o^i £j* JMIJ ills jSj* £Oy JjX>J . 4 

. <1 <A~JU j>Jl p>u ^l^Jl JakiJI j ^L> s^ijll UijLfcJl ly ^ . 5 
|> > t k~u JsumJI cdJLL/ifl JiLil J> . 6 

JAXU 

; <LwU jjLwj olijjju 
: ^UwVI jl^Vl 

^l)Jl 3Jl> Jt *ji JUu jaSi J| yjiJI <Jl> y ^iJij jSUI p-t*Jl 
: 4jjl J\ 

. ojiJl J*P k» JJ jjxJl (> ^jjaaJI iiLil y ; llia jk>* Jj> l» ojil iujljl £ljj 

: (t) jljjJl tf 

■ jyJl Jj Jj» L*iljl ^Ijj j SyJI <jjj> Ja>1> y jii>A Jp. 5y jf ^JUII ^J! ^y 
T = ^Ijj x soil 

. m.N SI r lLJl ^y ijljjJ ^‘y olj>j 

: oN> 

(ccw) icLJl i-jjLie gljjj «L»Jl j*£a jl (cw) <pLJI wjULe ^\jy iLxji <uL ^IjjjJl *y yi'J yy 

ji sLpJ'lll JJj p.-.»ll j-i)X> Jl Jaaj ylj^JI fjfi ylS <jj U vu> 

fir*) <■*»>* ^L-Jl yjlip obi J •'* 31 tr^ j ob;^ 1 (&• j&k c*\JS}\ ^%-?i jl^l’i j 

j^JI > ,< >11 ^LJl kLxlL ij'uu— .'ilj olj^JljJl djl» ^ic ui^dJI jS*ij . <JL apLJI uajUp jtjjj jL>JI ji jl^Jl 

, |k-oJU ^tflajl 
: (c.g.) JiDl jSjj 

j'Oxll jj>^l ^}> tSjll [)* i-iLl> ole Lfii iyy ijjjLaJl ijj ,}i jUuI yiw jjJl itijJl Jj 

: >uil> 

. |*~*>jl Ji> jSj* Xu* I y'y OjLupL j>i\ p. j>> ll ^jLJI LLlxLI ^jS p ,>yll jjj p_i^ *IW■» <il vjo^uil Ijjb u . 1 

, j *olfjl t'Jijt ^ JiLUl JiUillj L*JIkU 5jU i> ^juxll p-*>Jl jSj^ ^ . 2 
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( oljTill ) gl/ >ill 


: jlpiUJjMyJI 

j IF, = 0 ji jj* *t ij*j ; IF = 0 : \jLo Lu ji«—jljJl <JL> y f~*> J*- i/$il Jjil' y 

IF, = 0 j IF y -0 

: jiji^J ytiii J>yJi 

• lyu> lijUi ji yc* <*LJl Vj 1 ** j'jJ J # M \J&* Ji '^ LJI Vj 1 ** u'jJJ J O’jtfJ 1 fj>i dj** 11 fc**** 51 

. IT-0 

: i»*i> 

. jyil oik oUji y Jdi f+ll < p—L^JI J* SjJjli Jyll j 1 /^ •«* - 1 

J*_> jljjxJI pjy yi-** 0^*i j 1 * J* iij*N y’f oil ^ ji 0* yLJI tyJi v>*y aj .J - 2 

L>v±>w? ^U> jUVli 

. p*>Jl jjli j^»Jl lik jli I j[ y> jljjjJI (jj* 0^> jy* ji jUi-l ji* jljJ^J ylDl **** “ ^ 

jjuft jJuii O j_«J j*->a jLjiil y—UJI j« <j[j j J* 6 ^ j* vijl***i j^ 1 f)* j 1 - 4 

, ^yll j* ji- 

ollu>jj *UjuoI 

j^ki Jif. Ijjk i]\j\ JUI J.bu 'i OU . &b JJl *Liojl ^LaJl -* J- ilU UUli j^i' SjLiJ yuJ -1 

? dui 

,jJ j-U Ji: L.jJ (1) : infill jl/il JSy J 300 N l+ijj 3ty y*UJI yJl f**d *thW ^U*^ 1 f-j 1 - 2 
Jyi iji_>U Xj j-b JJS L.jJ ( J ) i IfJj Jt Jti UJ* (->) i li»lj iK Vi-* 5 y J 1 *" ^ M ■ 

• ■**““ iT - / 

j*ii- lit* ? ^IjJl £* Lfu-x. yll Ojljll US J* ^ J>U1! dLJl y Jill Jbj< Ja 4-9 Ji-JI J! g*j\ - 3 

? l^»lj JUi ^j-oj L»olc ilLJI y jui)l 

j_>^j j»jl . L#_>jL> U_Uj yi)' (ji-*; I j l^ b 3_»-ill Ji> - 4 

V u-^U' «Lij ? j*^ 1 j#t J5J jSj* vi^'- 

f Lsc*w? lik JjSj ji v“M IjLl , yjl pljill LSji ji ^fWl ^ J 5 ' f 1 ^ 1 V L *'- , i ji JJ Ji - 5 

jJiyi y* ji j.£« yjl J>JI JUo yiU . ij »jlj yiS ^ JA } Cay Jit i»Cio -6 

<* ;>> vL»! j>y ^ LJj j! lsjP ji ji* j>Ji oJ ji y* <ui 
ryl jijSl jo 5ij^JJl ouilil i rijN ji Jj* 1 ji ij*^ 1 (> j^i ^ *0* *^i ^ CiilLj '' ” l 

. JjuJj iiw U 

jyjl ^1 JUi Ji-Jl y XiLu SjS# y^ yi Jf> y 4J-JO* ydl * ‘ y j y y- 5 - 8 

JJI fii yp i* jiji yli ijilij J*»J| y jJU OU . y*i J! ^ ^ ^ ^ ^ 

V 1 jc Jil 4-Jb y-ft)l Ja ? Jf^U sxi 3y ojlj Ui 
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Lf-ui jS ^)kL-J |Jj Lf^jJ r \jA4 Ju*lw4 <i,[JL>- j <L*jJI jl>J yi r%> k^uii UjjLi jJA bl j*l cJ)l> - 9 
JJjl>4 oj^_Sj rLli*l J 4 L^i>jlj 80 cm L^J«1> bj^_i Li oil ^ }Ui bi^Il o^Sj , rLhi! llfj <u~uJL LLw-i 

, V_uJl £*il . Jj jj OAAjJ iJ^LJl vllj 

‘ oL^L> 3JI 4_>lis . ^Ull; jJI bjt 4 JiL^I iiL»i ; tfi oIjjSi ,> J5 jljjJI Jju10 

<Jl> js Jj «il jljjjJI ji^P JL> jJuuJ! SjLi i <|||>!| Ujkll 


JjLw 

4-2 j 4-1 jUJOl 

■Ji. J l jj ->l J^jkj . . .i . M l jjUj i 35 N 4jjj j>T oa£» f'i ji J +*> 25 N ojj omii -1 

J>WI o44>J‘ J l*JI J*jl 

«y (I) x>k\ . jljjl <1L> ^ 12.0 Is <jjj *-Ljy wjij5 oyj b i nn ^L_i ^lc 32 N 4j\« _ 2 

. *L*yill i-jlii" jie ^^tlill ^ij by (v_i) 4 jlc bjubull «jj 
ojllllj 30 n L»ily 240 N Ujlaiu J^l xy jyL-Jl jj l$_L i^aL* ^ xilI by outSj i U~l> xij JL> . 3 
jJ ^-l>J! lil kiJUJl JaxI! F jui)I by jjkji, (bjliull xy jy-ll ^ ^00 ) . 120 " 

tiljJl 4ll» 

75 N t 105° L*jji 180 N LtjLu* J^l ; xy L^_h £b ci>J mj - 4 

. ijiyi ill* <jl£ Ijj F j^jI , F 240" Ujji iLjly 


90 N Lf_i* J_S {jjt 4-1^ JSLill ^ jy _ 5 
. JLJl J UIm LS 1 £>I i Jt j»i J*> j]o j 
bjjyi jjj yL5 li] (1) bjylili Jb>jl jj julJi 4 _»^j Ij 
f25Nb^!ojju^ li]M f 


oy L*, 1600 N jjL-e 4-2 r JSAll j W^yi .6 
J^Ji 

f JUL J-all 
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4-4 r jii 


390 N jjUt 4-3 f J5Jt* ^1 J**JI j-> •*! - 7 1 

r 

|j| 0 = 30“ Ujifi lijS. j£ 4- 3 f JSLiJL o*ll r Utf > u' 

Jji. ^ jJjJI ^1 jjj L*. F * 240 N irffl >j*ll «ailS 

f>J« 

i*J Li , 575 N iijL^ 4-3p JiiUL bj) 0^ ® 1 

V F - 310 N ^jSj Uju* flWl oj^ ^ ^ 

t UfUi yUi j j-ui w> U-io ■ 

^ Jj jJe II UU 100 N IfJjj L>)}4 Jit 4L^. 11 

ijjly SUJ Jo> JlUUb 30“ U» iyljj ajUJLv 

jS> ^ jJ* JJWI Ih jty u‘ fjli J^ 1 *^ 1 ^ 

. oljJl <Jl> y c>Jjil Jki 

j*L-u 4-4^ J-SUI y j-ljll liUllf J-"* 1 lM j ^ - 12 1 
(!_») . Ji-Jb J-Ull J-^ 1 J-* ■ 1 - i J | (•) ■*■*}’ ■ ^ ^ 

W ojyw 



4-5 f JSA 


^ j$ j jji ^ji k iLUl yLu'^i W = 800 N *15 13! - W ■ 
• inM 

C fin U*4^5 f JSAIIW, * W 2 i w 3 3S3I9I^.M • 

js ji juiJi jic oi# ^ ^ ^ oWj 

. W 3 J W„ 0>j11 IV, = 720N lili i> 

)i ,.« l, t ^ 4-5^ J 4^ ) iLUl 3U ji W 2 = 200 N <jlS li| - 15 1 
? jljil ill> y Uj***)l Jki ^i> W 3 j W, o^jj 11 <> J* 

*! Ob/Jlj 4-6 f Jiilb o#ll j* W t s 600 N - 16 " 

0*Jjyi J*j1 • jeH 1 j* ^ ^ 6W» ^ j^ 1 ^ 1 



i0i LUI 

0#11 o»/l' 1200N ^ 17 ” 

. W, , W 2 . 1V 3 o^i ^ ■ 4-G f Jiilb 


w 2 

4_6 r jia 
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4-7 fJSJj 



<jw* >» J-* ^jj i*U jL \ijjS _ 18 

J - iJ l oij H olj_SJI oi . 4-7(1 J£JL 

L , 150 N jjL-y J*»JI fl^i J 6} U, 
SjJjll SjJUl jIjJLi L r J-»yi ijJp LiiSl jjill jIjL 
J! Uj 


6^ . LUfy «&Sl£>l H 4-fy JSJI J jlljSJl. 19 
i T 2 i T, aill jkJj W 2 ujyi ^>ji, yljrfl julp V/, = 600 N 
T<>T $ 



^1/ ^ tt*#*) uWi>l 'll 4-9(i J£iJl j jljjiJl. 20 ■ 

^JL-i JIJ^JI540 

V <*^1 £j jjj c-ij 


«fj«A 
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4-3^*a)I 

4 10 r J£i)L U*ll vj>iU uljxll rJ > . 21 

J>J> jli Ii! A yn Jj* 

,£ = 5.0m 

4-10^ J£JU U*il Jjill O'jJ- 1 - 51 (iy ” 22 

v J-Aill O 1 -* &! B J}* 4 ^ 

L = 8.0 m 



4-1 l f JSA 


L*J L. . 4-ll r JiiJL 0*+* jj» US jy y—i- aJp jJ] 3 4m <«U Jj!» g/-23 

* js c,ijy fy (v) ? w' ^ *> ^ < 1 > 

* f iJaijJb ^ J>> 

j^i ij ra j_5 360 N obi cuuAj Ijl . 16 cm m*L Jjt i*V Jl* - 24 • 
£_U, L-ji* * £»l J*Ul $yL LiiP (I) * gfcll iljjjll fjP jU* Ui * i*u>UI 
V j-iljU ^»l lf 30'' Ujji iylj j^LJI 

•jj» oijjj t ■? (jsh* > Vj b **V J j~ y < ^ > !I H' >* UI E 1 ^ - 25 
.1^ jhL- c U. > ^LS* l« jij, Ji ** J» Sja I*. w » N.m 
? jU-II Ji ^s> 20 cm *jy» 


Uii ^ Jy tfJUII oj S* fUl f)e u . ♦ nuljt jS yl ^ 600 N <Jjj jM Jk - 26 

f jiiJI r y J wi « 

J^J, ^ dl£>11 3ji jl5 ijli . ^U-jll IfilW ^ U3«w y/* J> ^ ^ « L - 27 * 
j5LiJl LftuLJ y** jljjaJf p*J i*J Ji! Li t 5 cm yjM J>j 0.04 N ^>L*)ll »U>i)lj VjWI 

? ipLJl uSyu 'il ji> 


4-5 j 4-4 jU-iill 



jjjo jLai. yyJjiJl jie 240 N j 200 N U#Jjj O 1 - 3 / - 28 
Ujju ji jj 1.2 m *Jjl» jjjJI w*L> s^-*» 

f iid; Ojl> Ol> jli 

0^11 jJl o/ i5^ ^ jJ} 3 0* F ^ ' 29 

600 N J! ^'j 4- 12 r 

. h = 0.2 m s a = 0.8 m J j^l f ^ijLI JiSH y* 


^ >T Jit ^ Oil ■ jSjll j- 1.2■m », J* 400 N ojj U>^>i . &p 30 

v li .j« l L>^jSl JJxi >-i»>y 480 N *>}« jl^ *jj 
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( j&wUwVl glyVl) ^1 yi 


0 .251. . l l 0 50/ 2 , 0.25/. 


u 


4-l3 f J£i 


*Q 


j> l»xi lil*j jj<Jl f-t-iz 1L>J 4—13^ JJuiJ! . 31 ■ 
‘ j J«**j '1\ i T t L^i ii)l Oa-'j 

4 -» JJ W> i W 2 *280N i T x = 240N JlS 0!. W 2 

■ r, * *. 

JiLiJL Lii j^U> a l«>j 200 N 4_jjj pLult ^j~l> _ <32 • 

900 N »jji lli gl Ajjtu-j J*> JS &! ■ 4-13 f 



4-15 r Jii 

:t7 


rh 


gfljiil ? Wj g\j-U -Uji jiSl y Lj • 


iW.glSj 


V yS' <^jlS <J>j ,JJ ji-^y i^UjJ I y5U»J giiUl o' 

ULiiju 

JjL-3 4-14 f Jlijg U^ll j*iLJl ^ Sj)jll iyll outf Ijl - 33 
j_U SjJjll ®>^' O' ly/-*' V jl« — * H ji* SjSUl Syll L»i i 240 N 

b = 5 cm j a = 0.3 cm jlj <*Jj jU-JI 



JCM. 


yjt U5 jlc y*a>«Ul Ia» £~oj U yai*i Jii '£j* - 34 ■ 

260 N O^'j^l' 5*ly ot J^y 4—lop JSulJl/ 

yLlxjvA* y^lj^ll tj -*‘'y O' Q6y-&\ . *—u3y-l' ,yl® 200 N j 
J-»ji . ^-i_jl' *-ll^ j-i u n * f** j 

2 m 'i! x Jiill j£j 4 £ey 


j_Ji (i) 280 N jjL* 4-16p JSJl# pJttll jyJi 0j) - 35 ■ 

yy yji syi) v u*iyij H tui^i yls^syi (w) . (iy«Ji J*>Ji y 
, W » 840 N ylS lj] jU-Jl 


4-l6p Jii» 


01 JilJl llfj <L> jjj jfil U (I). 4-17p JSLilL gA« y 540 N piail* jy J*»^. 36 ■ 

3 jjyi 3 y 3 J Lujiii gjju^yi jiaiu u ? y^Si ^ 2800 n «j j i^i o' i4*i y* 5 ^' J^' 

V <IUJl fti* y jvuJI ij^li 
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je ) ppU iwl_> 480 N Ojjj 8 m *jy» pi- A*i-e - 37 ■■ 
0.7 ^jVlj |UI jiw j^li-'Sl J*U< uty k ( Jl£i> ' : > 1 

Ljua-sli o' j£~ j-iil -iiLJli U . 45° ^jSlj JLJl Oh Ifjljllj 
* jtyil j pUl i i# ji (JUI ^ 800 N ojj yU- 

$Li> 0-* Lh^ illi -' lT^ ^ - 38 ■ 

J_, J_s j jAJI 0>ji . 800 N Ifjjjj 4 m *)1LJI Jjb jlSj i oM; 

, a>! ^ 1.6 m j~ J» Jfc* Ji* U.u* OiM 

4-17 f JS& 





4_^1>j £/Ltfi tjljbl ^Lt i^aA-i t—AiL* - 39 •■ 

Oh* >J* u *»** **J J J! 

fj_S Jfi jAxill J k L«Aipj . 4-18p jiiJt 
0>J Cjl— F L**,Sl £»■> jl"» 
t 720 N jjj jli lijj • 

oUfSjli (V) * -ji/Ji y} j ^ (•) **i 
utV iH 

960 N jjmJI OiJ 4-19 f JiiJl ^ - 40 ■« 
. T 3 = 840 N y»Sl J*>JI ji J4»j 
j^_**jl jOj »)j) 7\ ; Tj i W 
. Ji-I J! j* j^^>' ^ j 1 *- 1 


4-18f Jii 

4-7 j 4-6 jlfetf)! 

2.5 jjU <J4 4-lWf Jii»4 6*3' p^ 1 V 11 * 11 - 41 1 
4* 0 SyljJl oa< 3 Ijli . jfyrtl O* V^l 

f yJUJt v 11 " J* i5> 



4-20p JSA 
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(^1^)110ljJVI)£lyl>i)! 

yljjl 4JL> ^ ijtL* 80 N tfljj gjy a£ JJu,, 4 21p JUl» 42 ■■ 
0 -* ] -h yy, jJll ijill jijJL 1 .. oaSls^i 1 o^l> jj 

LJbkilj <uku« 5j5J( ^l5pI ? 5j£Jl o^iWl 



U>i O-i <4* lUiL, W ^ L J> iLii 4-22p JSJi Jl^ . 43 >. 

j-U W p-*> jjj <—ioi L . j_pJl J*> ij> ijljjj jjj; ji LpSjjj b 

V J£iH* j^ll £-ijJl l5jl» plkUl J o*-*i <4*JI <ul» ^ 



•3* ^> C ^ J*>«! J-*f*J !■ <J^5 fi**** vultf yujO - 44 ■■ 

ftliUI 0 ,^-aLJI ^ ^»jsII L*^ jwSlSs>i ^ c*;^ 

4—23 f j#p - W £USl j;U* 

L*jjj oL_u l i j . AiJ l jjjt JL>! Lifii Ji i*ju vIuaj 

^ = 12 c L»jJ Lylj ^Ia; £-ij ^ ..u Ju Ul ojJli i 0.25 L 
. w tw v-jji . j»H\ 

pi i V i ,i)1j f^LoSl Jli ^Lc JsS kii^J ouu>j _ 45 ■■ 

lj-* j-b IjLi . 4~24p JiiJ'o o&» l»S oj^l <l« f » <uLjj jLaj 
jJill ‘WjljJI L»i i m 2 J_^uj lu> «lLUiII ^UaJJI 

f ^JjU y-JL m 2 j w 3 o^l Oh J-iyi ^LJi Lf*bv 


<UU jiLw 


^ J)*-t o' C&H 20 kR 2 m jy, pku, j y* 0* 4-25p Ji-JL ^iyi ( J0$\ ) oySi - 46 ■■ 
<_LiJL 6Ja B j^wJ jjiVl <*jJ» jl>I JL JL*j < A iLLuuJL yn c«li ^ 

-<alc JiilL,. urffll A-»yi Lljl» jlS" Ijji . 2 xn U,J iiLu Ifj. A jo ^Ss ^sll C 

j ^ J* -OiiSl OiiyJl (I) jj>.y t 100 kj; B UmuJI o* Uk* kiJ J**u o^ 

. BC JLJl J xii\ (y) i A aLuJi 
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2 m 


A 



( j&ulij’Jfl jljiVl ) .p' 

Jill* | U>lj a *& Y > * i : ;»j jLillL a <y*Ji .aJai Jijj-oj oui ±>ji . 47 ■■ 
■<—AS jj£ ^ j 3 ijiJl alftj . Lti 425 N Ltjji i>j Jjj JsK»L ji pLu ojlj 
jii avail oLS* p^ij «-Ljjj w_JLk Jjj£lj . Jjill ^Lc tjjij)l jj iu>Ajl *il 

,_j-i j->*il «J JaJl ivjjj L^jiLi jljll a^*AJl ^ JpJl a>i iujj o*i 
J-*»Jl *j-b 0 _t* dJj J_*jj . Jjiil j£ JoaJI a'jvJ^ll ji nib Luli 3 jj *.i 
aju|_> 4—26p JiJJLi |jj_jLj j_i> La . 425 N Ujjj a^L 4a.nV»« Lil> 

LlJkJI J[ a i niilL 8.0 n l_»jja i_»»l‘ ( aULu » > <> > 'm-ij JjjJl a>JI ILjUI 
j-Lf Li —j yy jl ^ il i7 ii * jlll 3yi)l jljii L. . jJbjAll jjj J-oUl ^ j ii l ill 
V ai» kliujLuJ Ojjj JjlLI js jluuJI abo'il ayv-lJl 


4 - 25 f Jii 


425 N 




J| livuj ^lt tj >-£ Jii . 48 11 

^_iJ. . 4—27^ JiiJLj j**. y> U 18.0 cm l^lLJ Lit 
| jlc F ■uiil 3yb yy ji iLLt jib" 4 o1aJ| alft JjjjJI Juu 
jLj ■.‘ -’■ jl£ Ijli . JiLllLi *ju y> Lb' JjjjJI Lj 
jl Lj iSji F o«_flJJ 4_u$ Jjl L>i . 1230 N ojjj 52.5 cm 
f <juaJI ^k J^i^JI piy 



vJ5 lj_i . 1.4m ojji JjL 
J r> ll hjJ&Jl £*k»~u a^alii iil> 


^ cu jyj iv>j cm ^k j£l« 4.4 m 13.6 kg 4iliS pl v . L rJ - 49 ■ 
j* «La ji J| , tljfJl ^ jkil JJaJl al*j T pJl Ja yJ\ 9.6 kg 4iltf 

? [/ W j* 

*1 iij i.r>t yui 1*1 ib pi_< ol>jJ jit Ijjaoj JJb jjJuwa 2 J^j>j ‘Lw 1 .50 ** 

P>J . flsll p* uW-lj i>oy jjjj-all > joLlii* jli-oJ 

JjJuuaII jLS L«XlC pJ—Jl ^jic jki J| ji .i l .i illil 'lli b Aj a ii»j*>l 
!>*—3*iJl 4—28p J—UJl ^— by) i jj)Vl jjj 37° L»j j Lylj i vi-9j 

yij pkiiu jjJiLsJl ji . ^kaJJl JL jjjj-all ^jlc ju^jil 

, j>S'l jj y£l &yb Joj LLI . h - 0.4 L ctlijjlj L <J»bj A1 clllS 
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LJ'Jja i-S^aJl fj^JI vu> uL-sj o -&*> k lA-all <U>Li jj 

jjjUl ■ oLuJIj J-A-Jj! ^ vfjls j_SJj . LfJ <^uJl 

I nj —jL>Sl j< U j iSij I J-flill lit ji L ^ 4 i M i 

J iAi*JI jl iDj ujU_a/l jl_>I , LI v— 'j. " 

jlJ l\f U I ( jji^- > i» ) jLu-ilU) iillaJlj 

,*_» JjLftjJl j—« Ijjli J4^1 U-tfUj U < * » JjUsJI 
Lfjij Sjjjut *l(lJuii iilUJ jl liji ill j j* ^tSl. jjiJI 
* 1 o*J | J 5 ^ ^ 



ImSLm ^SJj . jUwL. 1 UjjiSlj tUjjiJl j-k»^ill |k-ulij |kti j* Ijl>Ij <LuL^jAJI oLJull JS 4»lUl «liu jiuy 

. oLLJlj J«JI j* JS <-i^0 i^ljjJI jj Jjlio jl UJU Lull lift 
JiiJI *Jyjju 5-1 


iljl j_uu ^ lit . Jjjj V sLli i_jlli]l lit LjI^jJ ,. * 1 < " > S » JJ j-oxj Uu* 
j_i 4juiU <iji> jju JaJi ^ i JJ rU*i ^ <*Ui *li)^l ji j 1 J>-$ 
«U1 aJI tij i l uj 1*5 Ji-ill ijjj* 

F bvili ji ^jJu J -uu^'l ^ULijUU L_* 3y <1»->I^ J»i*lt JAiJi ‘UWl j *j 

j_iji i_>v—< , 5—1 JSLilU j 444 jft US s Lft^fti <>lj! i-bl> B JJ A j* U-«> ji 
• j*^JU * >Uwl ji l 1 
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( iitJJIj JiiJI ) JusiJI 



:5 1 JiA 

A—4.1 j] j F h Jjiu!» (JLUl 

J* H J A > y>Jl 
F, * ■ (F cox 0 )s 


o^WL x i»l$l F <lwl*^ JjjbJi J*i)l 
F J«jxll J*iJl = F,s (fo-1) 

• ji 4 *>' 4*" & 4*s j*iii jl ^ 

j-* J-i-ll »J-»j op *-&■) i oL_J!« iyjl ^U; SI fly I ^ 

. (J) Jj*Jl y C»li> iLl »o>jll 4i» oukci oij t (N-m) jL _ ^ 

UjOJ liLn J^l> U^fjb o 'xe .i>(j jiyj Ujji 5^3 ikJ^ JjjjJI JiJj! y J^xll 
• I <J — 1 N.rn i jyjl ix>* itUU jaIj ji| 

(ft - lb) jj)Lt . ^oi)l J_1 j J-A-lJl jjLi) jj_*i olo->j ^o>i-J li4>i 

. l (eV) Uy 


1 erg = 1 x 10 " 7 J 
leV = 1.602 xlO-'M 

J-J J^»JI JJ 4_J#*j L»5lj j^fl oljL>yi 60^ L-tiil oLu£JU 
. SI olo>yi f LL j '^.loiu-i 

Ux>^ lij (15-1) <JoL«ll iilii* 5 jJm> J) JjLiJI Jjj*J UoLu <)4y 

! ( 0 ^ 5~1 it* 

F, =Fcos B 

(i5-l) UoUll jj 0*11 do*., F t j_c otuydl, . s J F u* 

: 

F 4k»l_j4 Jjj^lf J-A*^ = F, COX 0 (y5-l) 

: jLu>b 

. F, COS B »i F t s y H 1 * 13 ] JM> JtiyyF id ik*\y Jjjull W Jiill 

lT* ® *4^ jj F i^SjJ ^ jjiilikll F, 

• * j F j# 

4>^« jj J 4*-» (v5~i) ^>1*11 j* cob B oj>j ,)i y.'i 

( oJfll dUjI j Uy lyj F ) 0° < 0< 90 y UoJiP ky j£t y } UJL } \ 
lj-k . ()L>Jl ijSjM 4J F ) DO 5 < 0< 180° Uolfi li)Lj 

Cil <ii. «■»> J* J* o*m J jj*Ji p*> j* jl^uJi 

(5-1) liol«Il JmLu *jLl> y5L*J 4jj *k-l^ Jjjudl JjLtJI 
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( iilfeJIj Jiill) y^UJI 



: 5-2 jiw 
. w j ^ 


*is 



>^J'W 

: 5-3 Ji- 

F A—»il Jl >j»H ikJjy JJUJl 
mgh j i—u (') j mgh 


: 5-1 jili 

Lijji oiii iil—a <-U> vImI J j F 0**ij o^L yy Laivi Jiw &-2 J5JJI 

V P <JjjJ Jill JjUJI 4 -uJ Li >Jbylb llkjllj ‘LpjxW 8.0 HI 


i ^dlax4 J V JLU 

. 4jiii 8 o.Ij’llj iu-iij 5-2 JliJl J* F ijill . W - F t coh 0 * J«Jl Jb yC 

: jtiHg t 0=90* yjj 


W - ft cos 90° = 0 

s_>Jl j-i <£j* I 4 J Vaj Jiu V aaw'jJI 3yJI jl yi 

J»Uu>^ll jilj » ovii) IkaJ Cm3I bSy ^iku *Jb jl Liu 

jji li JJ ^ ALU 


: 5.2 

AiLu ^JLpi JJ l*Jj Aaij 1* ( I ) mg Ojj Js- Ajjxl Jjjl JiAJl jljii U 

V Lflul AjjU 4 £j~u iiLill 4_ii> jj* (t_i) ? Alilj Xfiytf h Ujjj 

1 ulLLU JVilu/1 

jJfil JJ ll_.lj 4 _ja*J jl > i>») ^iy 15-3 JUL j^u (I) 

03 JUI ji L«S jifl J[ ^JjJl sUjo'll jj h L>lj)ll ji L*y . mg jjLi SI 
: Jiill (JL yj j* t jjj i oLjJ'ill jJu ^ Wjll 
W = Fa cos 0" ■ (mg) (h)( 1) ■ mgh 

. h Ujjl iiLa ,*3j ‘lill <J3ub jjjl Jiill y lit 
jj*L»Jl ^-J S,F j^ll , jk~uJ*jl yliiL Llf ili>J L wj5-2 Jiill (u) 
: ji W = ft mu 0 o^LJl ji . 1 * 1 , 11* 6 = 180“ j F = mg 1 jj] . jjjlaii 
W ■ (mg) (A) (cos 180 u ) = mgh(- 1) = -mgh 
F ^?JI jJU LflaLwj jiil Sjijl jV 3JUII »i» yJL <IV lSjJI JaJI J jl 
jL ^JLJl JJLiJl Jib Jl Jj-li lAlJ . S ■>'"« ,/ 

}ULu Jlij ^jiJI jA 1 Lhkul^ j-*lj ill* J;j** J*-^ 1 

v jj jJji ^ni j ^ij^i 5v v-^ y* iw* /' ; y r^ 1 ^ " 
jj p^jkJl 4jjjL»Jl 5*j AI jU3 kjw. jlei JJ mg ikiil jb ■uSj> ijfi jj ySj 

iiiU ttj-u 
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LujUli s>i <jl (i) ^ JySJl o-£** k ^JL>Jl *i» j . ,^n 

■ <i «tdi yji jt ul Jij 
JIS1I J ^1 J* i*jL>J| jy Ik-ly Jjjuil JiiJi ^ L ^ 
V Jiwi Jj Uo. *p ( V) v jul J| uij Jj* (! )5-2 
mgh ( V ) . -m#A (i) ; oi>Vl 


5-1 JtU 

** >* U5 F U J J S J* ^ * w fJ% 

30 kg Jjj-UI UiS j!j 20 N ojUII ill&O'l jy /,i ^ 

jjx±*)l F ik-ly jjiUl ^JU JjVl JiA)l ^ F > j^f 

. 5.0 m L*jji <iLu 



IF, - 0 J 


\6^ 


! JYjjLLui 

V JiJI ^Ljfc jSjj cijKt jill U : 

J 8 on Vjljl!) ‘ obJl j ^ Jrtl Jfi } \ t 0411 Jy . ob-Vl 

^ ^ C 1 ^ 1 U F jJI ^ 0% ‘ OkjLu ojljjlj b.(#i : J|j„ 

V <jLll J\ 

01 \JM } » 4*AjSl ^ Ujjl C/lfil^S jtto jl F ; ^1 
. f jyU jLili jUjVi F t =/= 20 N y 
V 4)UJI ai* ^ F iyjl ik-ly J^jl Jiill &U. y U ; Jlj* 
W=F t x . oL>Vl 

■ jJ j sil jjd-JI Utf ^uJ; Jp : Jiy, 
Oj^ 1 « dl^'i'l iyj ojjJl te* J w«b ibill. *51 : U*VI 
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(utUlj JAAJl ) **UJl J*iJl 


Bli*. f ji ji . J* ^ ^ ^ >♦* Mj 1 * JWI y ^'j ; 11 > 

I J^Jl tJ j *_J[ rU>i Lm jisi <!L-* 1 I oUkw bySj L« ijUj . /!'«*• jS*f 
. J>Jl j* I»}> JSjilf ‘‘j^ 1 ^uy*lt Ji J>ill <jl 

? F )b' x oti iftUJI y L : Jlj* 
F, = F cos 37" : ^U)’l 


y jP--.ll DOJI jljAi i SLliliOljJ*)! 

f = Jk-.M^SN 

coh37° 080 

; y F ikjlw Jjjfl' Ji-l'j 
W - F x x = (20 N)(5.0 m) = 100 J 



LIU? Ji !>liS Ji3 ^ lift 1 ^ <f^l O' 

. L*!l> ioiii JijUI Oy 

100 J ; 4jI>VI . JlSi^l tj JjV J*^ 1 V*-> ! 1 


j-i f U : > ijJ i> 


ojj-flJI 5 2 


ji Jjj^ll ji i 1+SyJ By*)' '-ij* o' ^ ^ *>W ^lr & 

y*li $\ fJkol. fjUi <-*U y *JW >yi" y j ^' 1 'jW' 

. 3jjiD jJJ 

; y lyjyj c JiiJl Ji Jj**J ^ 


J.ill JiJl 

SjjiJl a —*- 

JilJl Jif j»j 

: >j)l< • j' 
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£\ 


( iilWIj pill) pi)| 

" P = 'l 

t 


(5-2) 


JiJ J>» jp 5pJl i^ } jli lulUL t ^jjlj jpb i^u W pill 0 p Ujupj 

J/JI J-lj u-4i> J! «-i (W)ilj 

1 watt = — 

8 


: t (hp) <*}LPI SjjiJL 5 jU ppj jpji ^ 

1 hp » 746 W 

v^fiyi p SI pjJl p Spll Saj-j ^ Lip J ^ t . ; ui ;j 
4 hp ^ c > ^ jyp* ■ 131 »Lm p i*U*ll Sjjill 

: ^jLu ip jaw jl -ul^ 

(HK)- m * 


• *4^ P P-Jl ,j» 186 J Jiu jl “uSoj jy^ll jl pu II* 
•s^ Jjijii J-AJI ji LL*.^*j ijjiU jpi iwL, ii^U p J^mJI 'JjS* 

■F< x }-* x kjJJ iiLa ijill pb cuJ f**JI l,Ju£ F, Bpl ik-ljj \j ^ 

: jl (5-2) iJjUJI p li* ^Ij>Uj, 



t 


Fr 

~T 


= F .(f) 


i * oL^I ji p—pl p p| «pi jijJu jjLoi It ji 

F = F l v t 


: ji! 

(M) 


P - Fv cos 6 

t J xi)l gp 0’ ( 5_ ty J (5-2) jLsJjUil ytfjiti,. v j F j* vjiyi ^ y ^ 
J J- (5-2) LbLJI jli £, L,US b>a ji o, ji F x ^ iji ui. *,li 
sjxili (5-3) UiLil p«L- U* . i vpyi Spill J^LL Sk-pl SjiiJi po 
■ v r j F„ Ujrf JLc pi <t>jj| ipjji 
• pill jiSiii IpLii-l ^lill olj>jJI 4*>\ Jypj fJ pLj (6-2) UjUI 

: ji Jfc>H 

Jiill » SjjjUl X ^*pl 

i xuu ♦k-lj# Jji-Jl pill Sji>j j(j <* LJL j^Jlj Llj p£IL SjjiJl .-I-. ,S Ity 
bi%*Jlj . icL J»lj p£JI piU SjL>yi , uL x Lij ps jp 5^jiU 

- 164 - 






( JiiJI ) j-ftbJ' JtfiM 


* 


o 

■jj 2M kg 

: 5-R JSi 

u # Ikijp jji>*!' »jJ* £> ■**! J*jj 
. 3.00 cm/s Uji ^0 4*j-< 


• J)*Jlj 4A>yi si* OH 

1 kWh = (lkWh) (lOOO ^3600|-) - 3.60 x 10 G W.S- 3.60 x 10* J 


: 5 - 2 JU* 

l*,ui L*tf Uj-o 200 kg ultf * 4“-^ 5-5 J^ 1 -' Ca^ 1 jP^ 1 

V -^La>Ji ijjjUU J^yi lf*lu ojjiJl L*. 3.00 cm/s 


I cr ilai4 JVaiiji 

V 1 LJ* SjjiJI ljLl>J iiXy* ->iyi ^ 

J (5-3) y (G-2) W f lAi<)Ul si* J> W 

. j (> v-Li* (5-3) jj* <*y« 

? p^>Ji ^ j^yi j5>e j5)l «yJ' <i Ce* 2 biJI J*^ 1 ^ : J, j- 

i tyu. jjLu syii jiU ji U . ’<*& ^ J ** 11 £*# jy^ '■ 

F - mg : J**J» ujj Oi ^ Jj^ 1 W 5 3* )l w* 
? <]L*JI si» L J'j«< 

P = PV jjj i (0 = 0) sir'll ^ ^ J ‘V- : ^ 


: sILaII 


F = (200 kg)(9.8 mis 1 ) = 1960 N 
P = (I960 N)(0.0300 m/s) = 58.8 N.m/s = 58.8 W 

: J ^ vL»Jl ijjSJl j! 


5a8W ww ■ 0l)7Mhp 


11 .u;, ^jJl iiL-il JajCL-J i (5-2) UjUII* ii^ 1 #i * ^J 1 4P ^ 
j^l Jjj-*ll JiiJI * * 3.00 cm ji . »A>tj 4*0 ^ f**ll 

: y» oUl si* 

W = Fs = (I960 NK0.0300 m) = 58.8 J 

; 0*^ ijjSl 6l» ‘ 1 8 ^ " > JI ^ 

P . wit = 58.8 J/s = 58.8 W 

. 3.00 cm/H Ujji 4*0 ItJ**JI j"> ** ^ JPP 1 *j* u : ^ 

, -58.8 W : Ll*VI 












( ii'iJIj JiiJI ) jmaIaJI J*i)l 


is It 5-3 


J 5jU JU* yyuJl ii*_J . JiiJi Jj, Js. ijjis jts Ijj oil, jl J1 l 
• \$jj kjy- L »S . 4iliJ< tiyu ji j« Ik£jJly . JiiJI Jju jif Djjiil J& <iUajl 
Jljl* oUaJI Jftfj ti[i . ij-a l a> H SjUaJI to +> l*L» taj k_L>y jl j» l-iiu y5l 
. iiili5 CmJUuj tiuLiljJ Ijui LIAJj . iiUJl j< ; olS jl I \.'t . 

jl LiS 1 . L$_> l+jijiusi xj* SjjU H_£;>iil J^jl-ojJI ijS j^Sj ji j5L*ll > 
’-ll- Js “ l 1 j* 0’ l+&»i OjLill 

5jj_* l$_J <£;*2l1 pL-*^ ji jj) £«jiyi By jJ, mJw ji ^lti Jl 

w~v f-> ^1 iiUeJl Jy-j . olb L^J ji ^ji t Jiill Jjj ^ 

(KE) *4Sy>J1 ttUutfy. 


:5-€ JC 

i — >/ > i U jkj *S ji AJfUa iiij <j jd\ 
■ bli)l ^ ^ jai-il* .ki! 



^0 J"^ ^J-“V rn < ‘‘ *>1 1 t i l*? IL**4 Ly j| ytfjijJ k JJJKj Jliiij 

B^jL oyJi o-b f> L JLj» k JUJI ,> j-ilj yt USj . 5-6 LS 

k^ 5 -^ 1 'j-» j-l* yy ^IjJI jiyw jy’i) U^j l*jlL| ‘iyU* -F l &13 
L»jji i»U i*yjl oSj*; IJli . ^1 Jl UUily jljiil J jy, 

: jySu L yftiJjl J& OyJl iLJy Jjjuil JiiJI jjj X 
( jaikJl Jji ) W = F X X 

■ ‘V/J' j* y*ilb i> ^kll 0 jj» j^lll iuyJ 
jyUJ ULLj . LiUij ji Jj'i i^l jjj ioyjl yy -F t UyJl ByLll ji kiu> 

: jiljJl jiyu 

-F 

1 m 

a, ji ^yill j ( 2-9 <JjU1I ) uj =2« j x *5^1 iJjLu JUni-l^j 


r .H w u 1 ImaxLwI Uwl j_S 1 Jyu Lkliiui Kinet.ikos cy'JyJI Uill j* iiLJi oj> oiLli * 
> “ jJj»JI ^LSi*1ll. y-l Uilbl U$ U>JJ tSJy ub^J ^iUJl JbUl y * IS^L^ » 
JHpi\ i'llU’il Jt JJUJI J-uJl 


L 
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( iilWlj JAAJI) u^UJI J4LH 



; Ji JaoJ Jt Jjjull Jill! aJjUj J i*»SJI 94; F« > 

(uakill^) (54) 

«J— j_i li>L«i Ljo# Jj* 3U f*> ikJ_y JjjjJ* J**^ 1 ^ M“i ;#“!• lj* 

^ »■■"* ■*■ ■ •»- . JJ * _ i yA. 1 ' oL ^ j U lili . Vj UjIjm J] if,, Ujljii 

(.5jJI ^*>Jl jl jjj ^i riii-w . ^ mu l 0)^i iSJ-N JiiJI ji-j Vf *0 

j-M a! J** 2 my2 #jJ * ^ ^ v m ^ 

.y^jl ilUJI 

• 4_jS'I ILjUL ^>r iS j> <jU> uu>aj jZ*i jiwll <i* ^Uiu-L 

j» y li»jljl» i> j**J JjJVU T)l ■falls (KE) fcj> 5jlt 

KE = ^ mv 2 (6-5) 

^UJl o!l» 3 a>j J (5-5) <bUH ^IjiaaL Itj^j JhJS ji 

. ^ j ys« j^e i_i*S 15>»JI oli» ji JSu»^l . J^JI ii1 t JA-SJI 9a>j j»kj j* SI 
m iJaSUl du> k Liuij • i*WI JlS-i g** J* ^ J 

illjS <Sj>Jl «U» jli 0l4*S u J j*J*i 
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illiaJlj JiiJI fyjbJ 5-4 



: 5-7 

YM* *JJ>II <W0 ijUl 

■ iiUa oailH 


OUj j jiid lj |U*» ^ Jjifil JaJ| ^ i£)U Uiii-b itJl lift 
ii*fil JjiJl JiJl yL*>y Jj JjiiJ lU 0 IS 43$^ 

jill 5-7 JliJL <^il JijllS Ij+yu. jjSl BJI> i>L* Li£Jj v 5-6 J<‘H f 
»J • i>ny jhiis ‘S*»3 * jy*U d^» m l^ilab \,y Jk, 

:i ^J\ >M j i5j>Jl ji At>j , F w| <^1 jt ijijll iU*Jl ByJI Jj 
; r^i F nrt = ma U^Ul jli x 

~ ma i 


illta o r <> j^^uU (2-9) JJjUII t j^Ul fJUl ^ UU» LSj 

; Jt J-»*J x fejUl liLJlj f-*D ^i^llj ^51^1 


, \+Js. SjJUl ^>Jl iyi\ ikJ* 3^1 ^ JjiJl JiiJl y -tbLy F Ml Jt oilj 
: JiAJl j Ul^ul jAjiJj i ^jj 

^ *0 (J « > JjV> JU« = ^ KE j >Bll 

f n ,i »|mu* -imoj = AKE (5-6) 


o_J#ill sj_» j-uLl J-icj . i^aJI jiUJ iiltJlj jiAJI Ojiu o^UJI oi* 

J! &yi <-iJ* «L*SI j-> »yUl yU j($ I jj 4il UU3 jaJ J 1*1* 

Ji-fJ l*l± » tt. dlSkM i oyil jyJl \J . <&y. oil, ijl^j Jj jlsJLj ^i 

ljL “ oy^i MW 1 ^ ^ dl j* ^ vhH • r-^< jl* l#JL Ui 
• -^x x lit » F x x cos 160“ ^ ^ x com 0 L*fll t b.lj^l oLfj'J 

: < 5 >kJI 3ilL ^ J| oyJI SyJI 0 i Jyji ^ |j£»j 

Uiu . |^*>JI iSj> < 51 L 5 jLj ya.^ < 5 j>J| tL^I ^ »aJi ^jL, 

, a^j>Ji i3U? L> aju kJlL)ll 




■wuA'lJl 4 _jU olLJIj JiAll *jjbj yjju) 

. ♦LjeiJl ^ jyt>s< 


— : 5-3 JtU 

oijj ijy-* !>ji j-U 20 m/s L»jljij lc^ 2000 kg i $ -.i~< :jL_ 

, , . , , . j. 5 ' 8 ^ l« . 100 in UjJ iiU a*. vi«j»5j i itUl j i,LJI 

■ i J^H V/l J* /yil •>» JLa ~ • o v - 

. 5-8 Jiill J&\ V SjUJI ^ 5j5JII Jl£l>*5ll iiy 














l JVjLujI 

t dlSi>Vl JtH\ ol^J'5*l j DjJ 'y J>i ay ji **y > : Jlj- 

V . 

? " 6j lji / d&»vi »y k-y. ^ ^ M 1 ^ Jl > 
UbH> jL*} (—*2-11 J! 12-11) l&UUSH o'SjUi J! gj*jH 0^ : 

^ .mis * dJuii j—ill j uai us jiiai cPr ^ <> f jL *! r ^ 
IS^l ail. y >all ji jU >5 jSFIj iji)l SUIj Jttll o>J ^1 
rixi 4ii aiUlj Jfcill <<> oljAM > i» 3yJI 2kJjf JjV 1 lM 1 *sj*t 
oVUIl > J >11 k-* U» oLLjJI j v-ljiJl oL^JI fl^s-l k»> U 
? AKE uU ilL-il ciUmu ^>:JI> 

. U f = 0 d*> i AKE ^ W 

* ilbJl ol» > IpljkU jJ)l J&AJ* ^ ^ u ; Jl > 

. ^Uu ^1 y 5 J / w - /»cos 180° : ol*VI 
: ji oUxJlj >UI l/>j J> li-liWjtN 1 



1 [0 - (2000 kg)(20 m/s) 2 l = /{100 mX-1) 


—(2000 kgX400 m z /8 2 ) 


/■ ‘ 


100 in 


— = 4000 kg.m/s 2 = 4000 N 


6i Ui } iili 5-3 JUil jj 5jLJI jip SjJjll »y ^ °! : 

^ ±M !j>Jl **;-> jljuu yUJ!) J *^ 1 *<& • 4000 

14,1 m/s ; iLl>Vl . 50 m U,ui aL» 


: 5-4 JU* 

5-9 JlAig US jlei J1 li-ij 40 kg IfSbS oliU 5il> £ j\ji 


cmU>auJ5U.0.80n,/ S U J IA^Jlo>S J '0- 
./n^>>TdAj , J>l y fjVUl jJI aikJl; JUll 


1 


ijyBairfJVjfid 

v J*jl > jJt O'Ulj JiJl <<^1 4 iS : Jl> 
I^L- >Ui Ji* ij»l jiL.j . ijSII yU JijSlI ^ W 

. <syji au. j jmH 
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Eusl . —1 

j—t 5*Li'dj« <2*B f*ab Lji- !£■ 

• A fua) 


TSiljWI^ 5^1 ijilljiU^iU : J!> 
^ J-^ 1 J! Wj 0 j4i oi 11* SjJli jL* obkClj .T-mg 4jL>.VI 

• J1 p-*i' £>L* 

• ayll ^L (iitl JttJl cojJi U - J\y 
. W = (T-mg)s j cos 0=1 <jjj 1 yl^jljS* a F m J ^ : oL^I 
V iilkllj Jiill OjLi ^J| 4 JjUII U : Jlj-, 
>» T ^U> 4 (r-mg)s -: i mi/ 2 0 . jj^j| 

7 1 J) V-jJl* OjASi iJjUil J*y , lAJLLJlj JaJl 
±(40kf?X0.30m/ 8 ) 2 

Tr nr + " w= -050^-+(40 kg)(9.8 m/«2) = 396 N 

Li Tr - (396 NX0.S0 m) = 198 J y jjl <LJ^ j^ji .|^ 
lijLJ ;*jUII ik»l^ J^lli Ji*j| 
mgs = -(40 kf?X9.8 m/K 2 )(0.50 m) = -196 J 
ji jjL l£j^ ^ Lj . 600 N ^ jJl jj\j Ljutf. ^ J^l 0 tf lij : ^ 

. 2.28 m/s i»l>Vl V 033 JI J y^iji 50 ™ iiUl Jx> oljjJJ ^L*- 


_JSHill J**jl uU, 5-5 

0^ 4^. jju, Jj#j 0* '•+&** j»L^Si jiuu oi j*- Uii Li; 
ji IfjuM s_u_y L[ 5Ui Jj_w oi **kLJ j^>i ^U*t JL o^J , iSj> <ilL 
. ( L wj <J\b j\) j+> tfU, l*J r L*Sl aj* Ji, 0 i JL jijkj , lyiii y^ 
CujLJl Jj* yuy ^j}| iilkll liiUy ^yi iiUJ IjJ 

0^; o«^»i ^ 0"& JLj ^ jji 6-10 jijjg o*J< ^ iwi j*b 
H 1 l3 . u ‘ ^ ^ ojj oi tfi ilafli ^Li 

iyb* oL>J Uua J»j2Jl \+, Jy* 4jli JLI J! Sjjjus Ljj 

^ Liipj cjyi ^ ^ ^ki jj ^UijKl y A f-aJl ijuu Jy } 1 jljill 
0* A <iUl ^ ^iJjl oi >1 ^*>Jl luijSl aLy h oL* Li- J B 

LLjVi 

C tu- ^ ,liJ ' A r^ 1 J* ^ 1 J^Jl jlji* U : JL 0^1 

trig y* } A ^Jl ojj lijby J^J» y jJJI oi ^ V jljill iili kj-u iyjSl 
yi JLUI Jjj/J U^I? t JjJI JjL^ll JAJI oji 

. (OjJI »Lji JjjJl lM 1 = ( ilJl) (iiLH ) = mgh 
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( AjWlj JAiJI ) ^liJI >iJ> 



: 5-11 JS- 

jjjl^ii.1 jili* jdiu.j <tMaji\ 

IfJ—L jU ii_uVI jjIum! j#*Ai* 
LJlA jli Utj . aJ| v-Jl* £li3jfl 
mghj ji mgh l jjSi i JtiSt 

ji Jo_ *)l . jLiiuIl jUu'||i j jIuuj U+i 

J-* 'J* 4 tfjU* jPJ* 1 j* J>* 



j J-&S J-Jk. 1.6 in *2jk Pl^j to 
yliLJiJ Jfjl iiOJ i*±>* 4^ y*i 


f—*11 jJ* B r^ 1 0> ^ • cM 1 Ji w k5jJ* ^jWl J^ 1 j* ^ y > 

B ^ .4*Ji ji ^}j[ dlj j» . Jii)l Ji« jill ft B i^JI ji| 4 jkl J| A 
4 Li-ijVl jyi jSU5/Jl j» 'JiLu jli Uoif JA-Jl Ji* Jt Sjtoll a*J 
^jJl uLtli h >±i bj> t mgh jjL-J B ^.«»H 6* jlM 

; ^1 kJjjiuJl £ 4 ) Ui£^ JJj ‘to . B ^-*Jl Ifuii-y 

(GPE) filial J4>JI Jilt - mgfc (5-7) 

4 Lilkli JLiii JSb JUi j Lfi« SI plWI ^ GPE 3j>j ji <£> J>' */} 

■ J J*V 

Lpi tolLJi LfU^i jxuu j5J^ V jli'jjJl -4-^1 jl C* 4 

jLiliia jtotoJ jli>l Ijli JM *1*^ ^A x LJI j-lJI £*$11 J* i*w 

jU^i LfJli U i_tou ill* j OPE yLoJ j*toto* jU ^ 

oj_SJI <Jl> JLSIl Jjxj ,Ja i>b j**u o*l3 jljiw 45^Sl j* U!j>J JhW 
jjSto, jLj)’I ^Stl-u y> BjJull rto* ji U 1^“*^ lj[ ■ 5-11 Ji-JV <“Jl 

JyLj— jto—J ii«-u j'u3^ J>i” j^J * 

, Ujm jL*^! liji-u jlS Ulk jliJM>-j jM 1 ^ mgh , y 3jiU GPE ji 
Lt*; a- 3>)I Sill* jj > 4>J i> j-* M j 111 W 

Ujji li 1 —* 5-11 J-iill Otfll *j-SJl Hi* j-ij 11 ^ 

Ojliij jll-J jy-u si LuJL ll>lj j^-» J* Jrf* 3 ** uP 1® 

JI ajl-JU Hil_Jl jdJi liil "Xu S>y. i) , i*JL ^yi lill» jj£i jl jS-ll j* 

lpj>3 oil? jjfc- 5j-*ill jy h jai Jfi ijSJI jp Uuit . 5*AlJJ o JJI A-I‘ 
cJjii Ijl ui , y-JI J l+*u»j olb Jli J>- luill 4k- Jl Ijl) : mgh 

li-ft UL Ajjliill J+>Jl lilt £*"■* ^ (>i y O&r* -Jli j 4 J^i 

i ojuAlil rl»—' j-1* 4-“j > J^i Jj-Aull Jl-i ijill £*) a 5U» ji J*t 
jy—ii j| ijSJi ijUty. ^yi *iJJ *»j 

, J s + :juiJl -ulaw JJi-i JJ Lpij MjN ^ 


5-3 j>jj»y Jj* 

L^'AJjl ijJu, Lj_’ J->X1 3 00 m J ,ji ^ ^ J oil 

i il-< ^i'l ^ '.JjS Lf>iu- j-lfi J*>j saaJI ei* . 1-lOrn 

. 2.27 kg 

^kw (v) ? luijSl (i) J| 4-llJ -xf^ 1 lilt i*j I 4 : (5) ‘j*i' 

': iiyji iJl> (_>) f . ejJuii 
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(tflWIjjiill) >ill 


4*J;J> j-iljilj i mg - 22.2 N y <Jl> J£ j ^1 jjj ; ^itu# JVjlL.1 
: jk ifctill olyU Jj v-jg ^ 

A 0 = (1.10 m) A 6 = 0 A, = -1.90 m 

: jj£ GPE ^lldl oUaJ ^xJI t jjj 
GPE = (22.2 NJ( 1.10 m) = 24.4 J ( i) 

GPE = 0 (v) 

GPE = (22.2 NX 1.90 m) = -42.2 J (J >) 

‘j^l jli-.) 1 ! oL^u Jl GPE ^ joAiJl jIjL Li : (u) ij>Jt 

S G-n^l J) ajuAjJl 7 Je^ j* j^SJI Jj> Ijj ( I ) 

; j^£j ly«£ AGPE yli c«Ij j'juLa mg ji Lu ; JV/Ld 
AGPE = Mmhg) = mgtJi 

: oil * ctfUII oiA o* JS j AA = 1.10 m ji **u>j 
AGPE = (22.2 NX-1.10 m).= -24.4 J 
• o^UJl oi» j* Ji ^ AGPE ji oljjuuJl j*5ii ^ j»j 
AGPE = 0-(+24.4J) =-24.4 J (i) 

AGPE = 24.4 0 =-24.4,1 (v) 

AGPE --66.6 J-(-42.2 J)- 24.4 J (_*) 

Liti ail , jliijl jliwVI JyLij jJU Juwju V GPE ji jjiiJl jli li£j»j 

■ j” t/ 11 J* 

ttSJIjS>5-6 



( 4*>li) UauG lij^l Jiliil apJl iilU IUJI UiiiUi 
yJJL, Oaij ji j_» JvLiw jl Jl/}' GPE ljLl> JlIcj . LjJ 

jLi i jljjj ji ^SL«j ^ !>>! f — *■»)! Ijl V jli~«)'l j6 jL^kJl fliljl 

yrfL/U 4 j »h jl (jSjj iJ j_M b jliill .jjjj njjy p.L. x lI Ibij JA 

<-$-*} J-U yj—u |Jxu< JjkL-M vJU iJL> g)l/u liil ^Uu oaju J jSJj . GPE 


: 6-12 Ji« wJLiJl Ij_a b_bli, ill JJb »j}Ul Jiill ,lji» U . 5-12 J5-AJL Jjm a LS aTill 

. gcJlMI jlf- ^lilu l/li 

,/ vlill JUjj f pSi JLAA JUL.U jic 

f ^ *** jS GPE ^ ojyi j } Li JiAJl lift ji Jjill jS^ VU ui LjLAsUj J* *L 


jMM 1 b-JliJI 43 Hi j< 
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( SilfcJlj JiiJI ) 


yW s“J* ^ o*£ 

J__p Uaiii* VfjUl ji Jt jjL 

W r AGPE = mg Mi 

ji ilu *>) . jh-iil jiJM 'i kJ*-^ 1 ^ J ^Lli £» ^ 

Lm 3 I jl iilii* flduj LfjUliJjl Jiijj *•/*• '-& iy 

. p-»l> A/l 

L j* oAJI JUjUJI J IfiUiiJ A/l ojj iij*i J>jl rl-i* j* 
<Jaij *ib £jlj)t Ju»iJl ji JSSJI jSj* ji iy-* «*•} • (c.m.) Jj4 

|. .-J I iuii . I I - :*-. X-xf- <4«* kiAli •jlj • J* *«jM " 4 J» 

^Jl J5L-1I fjuu jit j-t^U li»J l Mil £j* Ji J2ill £>• jjj ^ 
pL*>Vl c.g. JJJ jSji ji gljll J-«il J liJ*j ^ ■ v^ 1 &» j* 

1 •■■<., ilJj ^Jji tUjj I UjSt* ^ OUSJI iafcwllj iliUil 

ju ) , <u-»ju^Jl UjSlj4 ^ il^i pi |»L^Sl»j* c.m. <JaS jSj« j! jl^l 

iiliSJI jji. ji JJLm* jit p> ji c.m. A& $j» jUjI pUli j^l 
, ( L* JJj JJ jJ Ui£)j i ilj&ll Jf j* ^ 

; A/l Jm JuA»oJ <JjAJl 'Jjt [tfi* j'' 

LLtf 'jSJ tr -»ijJI ^>11^ >SJ! Ji xt* ^ ^littJJI ahJ' iii jiyi' 1 

. ilj 

: <i}UJl 5 jU£ jSu^ i jiji\ j» vj*I 4 4 u^i 
AGPE = mgAft cn , (W) 

5-4 JIm 

: jiJt 14_>j)i ^ Jii kiw 5—12 JialU j#li kJliJi f pUl JiAJi k^i 

. 10 kg wJUJl <Jii 
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. vJUJl oa*j JJ : j&4 JlfjiJ 

JJ ^jIWj ■ j-'AfJl j^ 1 jj £*>. cm - b' j'-** cl 0-^*i v^l J 
Uak SjuAill 4^ (>c 5 cm jljjuu pjy iiaiiil »3 ji jl j^L. 5-12 JiAll 
c.m. ^ J y jkJi I <>yi ^k liilj ylttll o'* 'j! ui . Jfrtl 4*jll ^ Jlill 
^ Jjjj v A/j„ m = 20 cm = 0.20 m $ <*k) jjUull 4x* > 25 cm j«j Ji 
* ' AUPE 

AGPE = mg Ah [m = (10 kg)(9.8 m/s')(0.20 m) 

■ . Ji uJUil <_JjU ^pUI Ji-JI 4*5 j> *k 



(») 



j —* Oh#JI J—nJl WMJ^ j-^ 
i_iirj'i j_« (i) 

■ (v) j Wj** v* Aj 


<iiaiLx) jy 4 jjjL>JI 5y 5-7 

bjj iSjLj JJ UJJi jIjSII &li <iy» ^ki jj li-ij ll* gj jSJ 
oLu ^kl JJ ^ ji J*JI 4JjJ 1 m S 

|J IjJ ^_i» \ >!> <> Jiu J k y** o' • m ^ 1 J* ^ bjk 

U , ajJul -i— J| vijS'l j* 16-13 J63J6 je^l yJl »ij Ull 
k>JL JUI jLl> Jji? jk ^ ^ fj^ 1 j'^ 4 

, l*JS 3SpJI J^l> Jj l*Jj £)' *J» bfi R )A j# J-»iy* 
JJ jJWJi jUI vh ijs LZiu R J! A > yjl *»j J Jj*ll J*4i oL 4 
£*** li» 5^4-0 ol*jjJI Jljtl Jju* . JSAJl j* (v) ‘>4^ 

US vtj ^j)l 3y >>j • y5-lS JiiJL j4l jLJ CJ ill jUI 
^JjJl ^ ji ‘ jl-H J* olS^I ^ Jii ji J4; 'll L^li pLU 
ok U^-M bj^i (ji • kii U-ijJI olSyJl ji Jkj 

Vjilb ) )jL* Ja iU ji J ^>JI oaiiOl IjJ U)L ! <iSJj i ^Jl jUSjl 
Ji-411 J-45L JjLi JJ <*Jjl olSj>Jl J JjV lM 1 ji 4Ji jXK> (*W« C 
JjjJll J_(U5JI ji dJj o-* . jki JJ liilill olS^l j» Jjiili 

pjJI JLiill ji jij l-a^l 4+JjJ 1 oLSyJl w> 4b yb ^k l»*j j**i 
^ j->) 4 A l»ji iib** jkl JJ ^ji j3 jJjJI j! oUw D JJ A & . m uLSj 
AJj jj JjjuJl j-ikjl yJLI }_»j mg/l bj 1 —y < -4»*ll »j* j* Ji-l! L?P 
jLJl J ■«. ;-- j B ikuJI JJ 4L* &y>Z f h Uji v-lj oU A & f-4 1 
; *ji rbkl liibj jOiyi bUi (Jjlkkl B JJ A ^ jbjll 


bvi ib JjijJI j_/wll jlj B 3Jail!l Ci*; h Jj J ja; ^k £& A ikiill oils lij 
. m^/i j«Lli B JJ A jj m Ujji itiS ^ 4jL>Jl 
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( OlhJIj JiiJI) u^LiJI J-«JI 


J1 A £h JLfc^U g >® fi UU» B j A & jU jS **£!' (i » 
a_i Jjjfll JttJI jl* A Jl B & US5J» o-ii> li| J j*j. » 

, -mg/i jjV 
<li}L>jJI JjaJIj j*-u li Jlli >y 

B li>I Jl A |> p-* Ilo^ J* ‘■W* ^ 3 ^ 1 ^ ^ 

. jLu J+ **!«* ^ 5yJ* »i* j-» 

£**- li* ^l>a jy ^* ^lj WH^ 1 tfj»l jl ^ LmI ^ J Jj-j 
^yj Li jl jljlm jj ijJjsi' Jy 11 J" ^ ^ 

4_i* jJL»aJi >iLi£hj L li* . 5WU- > iSji ^ 1 ^>1 W |> 1 
jU a-! .„ JLil J J-Si- »i*> »J-«* J* J! *& i> ^ t2 * Jb 3 ^ '*"< 
jJb jl—I J#L3l <JL» y <Ip Jijt j*« jLm J ti)? U*i« y$i J* J! 
Jjull Ijj U»U« jxi iji l*il< 3jja JIL Jj jIp ‘Uj. f-S- ^ <*» 
}Jl> jj l_*S i jaiJalj j*-; ^ J " A ’ 1 *W* 

. diM 

^ 4ji ^ Uailajl yi } WUJl jjH j« i5>^' M 1 

Jyjl *Jl» jSL li* Li* V i&bJ' SjJJL UySy j+> oik JifZ j^il 
. LZ ^jil j^. Jt j^ 3 jUi *** V'i ^Ldl y* 
a X.'.K.H olloJI bJ yi Oy *&Lu jyJ 1 0**< ‘-W* ^ >£/ 

; ^]jj| Ij^J j^jjJlj if^pJl ^U> fl^J I®®! 

ME = KE + PE 

.x_»l) iy j-, jlil J^nsII li* J> Jtpjl U1W jl*il *>JI u+*k ji ji*i ‘V- 
&! u*., »j>i> <iiiix. sy o* fUM j 1 * yy L -^ ■ i ^ J ' oli ^ 

*yj| o>J r UiJl iUil ; i^li jl » ^ji>* Jto «IW 

jit UiiLJI u«jW ij*»^ ji 0^‘ USS*| y j*j . "^ U * JI 

; Jjy^ll bjjj.1 

^’.11 ^yliil -JllJl jjJl Sjill dl; ^* jd 1 

J*__. ^dlj 4 iilWi «li j—j j& 1 jy» j-* < * |! * ,,,,l 

jj ieJijiJi ^i cm »L*f)l jp'y ^ ^ V J ^ 
J ol yu vi>jJ> jJa 3lB Jk; <ijl<yi3l ^L^l ji ^ ^ ^ 


-175- 







(«WljJAill)**Ul| JkJI 


v=0 


h 


t 



: 5-14 Ji- 

* j nJ Alai) Aik AJlii J jiVi 
a-? <iUs 

»>-• f—*>Sl Aili y^is . jkl 
. ijkJl f Lui Ai> iiu> J\ iyil 



k-* UW 1 iji- J jji »>i 
LkS _ AS> Aii y JMi 4^1 aU 

«p>»uj|jjfiPE 


£*yij JjLuII JpaJI 5-8 


Jj>aU 'i'lii jy Jj|i <y AkLJ ji tl^JI y lL> l*y Jii; \j» JS y 

IiUju IL; kkj JLb liik I 5U*i . yilfcll J^l <jIL> <i\*j| UUsJ Jjl^l 

• ^ fj*" ^ 'j*j 1 jBUs Af> J| [+&)> uk Jj»£ y*i J| 
JI k--ij w Lf-iliS i^aiu a1»p ULi Jjk llaki 5-14 JUI y jy 
£-*4! jWI y aLl ypi JI cuWl kk&ll J«tu Ijikj . v Q Uyi iAI^I 
aLI Oja*]! Axial I aIxp jl , v'= 0 Aa»4JJI -^ujuj y = A. t^pUby 

< v 2 -u 2 -2 ay ; (2-9) aJjUII plj*k-L LHu* . a = -g t i^U JJjj aS^JI 

: jk J-wJji 

0-»J = -2*A 

4 k< ^ t> oki^Li . A =w 2 I 2 g ji A>k. A J] A*kJl aJjLI! ok Jaoj 
ji ju*J tfyJl jLk» y <JaL yp! jup a1»*Ji LuaiJ OPE aJjLu y <«yjl 

V 2 

GPE - mgh = mg^--^mv 2 

2 g 2 


^ Jk 4jjj> <$k JjLw ojLu> <43 ok ^_*>J jJJlliJI JLpJl <jk ji jaj Ik 
<Lfi tlfc^Jl 3 _*jLL» ji jaju Ik t jLil 
aWH uti ptoJ *UII GPE JI Jvku IuiljLu')ll <Sj>JI ajIL jl jjyj Lm ^-ai. 
j[ —ll y lj> U»yi-» <LJI aaLj LLJ Lak Liui Jj>ill Ik ^kl JI 

ok j_i 4—k’jL. <_u^ GPE ^jJLsIjuJi xpJi uk iUJl kki kb 

SyUl j-» Ce<jL»JI By Ijli. 1,5^15^1 iikJl .|y Ik^ , KE tfyjl 

j-k LkLj LjiblfaJl olfcJI *Ub j_t lki*j i ^**JI y* 5^)11 oj^yi 

: Sj>Jl 

AME = 0 = AKE + iGPE 


ake = - AOPE 


• t»j! 


jS»i BjfcLII ^_*Jl olik jj oIj^juJI jli Jj-i*! A^iLiM jy ca»} Ijl U 
. AGPE Jk UU> bbjlaJI jJjj Lfk ojaIJI 

ijOall frlLyyl55-9 


ljj—° «^L-k ji U JAAII Jjj yk ojjilb aL:^ ulkJI ji byjj U OJ 
tSy^M J^y 1 ^yi j* JJj jkj j^jkJlj Jjyyi ojjj yKiJli. ulkD ^yi Sj^jut 
JJ iujikil okJl joa/ Aai Jy>aj iAlxuS lily>l jl jSL*^ lfj)l a 5U» y# 


17(J- 










(<iWI,>ill) g -WI>lll 


db-ij J—1It jyV* * J* £** J ^ 

. * 4 j» ilUi ^ JyJ 


JuLt jlj dUtf . lyUAJI OlkJb b^Ji uUJl m» b** 

j^L^^LjyJl aAUlill _Jaiuu jl Jdw jl Oji'l byil 

LySl jli ylpj . ojj^II oli^^l JdbtJ ^ lfJ5Ui-<l j£w jjJl iiLLII 
ol_i*dJl jlj «iUj jAa ip* . iyyJl 4$lt)l <iU» oy»3 

I^lj Lfib>#i lilt I 4 J i^lo«SJi oU>Ji ji ji * iui Jjy ji 1*4* 
*J»j Jjull dydjlii ‘ ‘*A^\ j-i L 511 JI j^io (ji j i*i l>! 0 ^) 
y dyJjJL LLuil Uifll Oll> J! J jib, jy J*> tflt *1 Lb^l 

. ^yJI ji jUaill p+J 



. olkJl j^—9 |kjbi j_i ijLil olLj^j oljj i5j>j oUJt jiM 

oljUl jLi . DJjJull oljUl <Sj> Oils (j-wui olbydl ilk i5j> (ji ji 

jp gUt, jyj! Ij> . jUll U^i Lil^p C.ULUI J iljtf 

Ailjj n j a v dj>j; ili-Sb ^~»yJi iSf* 

olSj_>JI i'll (*mv 2 ) CPy jIjJuj *dA i)*lf-aJl Jilt J-«i j£»i 

JiyJ djUJ ^l>b A+ol> Jl*> (jlJl SiUsJl J^I o’J^! j* ol all 4*lyb!l 

4 Oj!j> <jfjij ^-*>*1) L^lyJi iilfcJi cuiiuiyj lii. (TE) <Ujl_pOI SJltll ^ 
j'ill bl . yli 5 Jl ljuk ji iLk’i Jyii J' Ji-aiib OjbJI sl» iiilii J*y- &&Jj 

. Ojl_^>JI iUa'Js jjgu JJ job -Al ^ Jidi Ji,j!jijba;jiliiW 

jjJl JAyJl SJlt Jy- C^> jJp «JbA *jj ‘ 

__|J yL&JI jli d)j *»j . jjSuJl J] ylifll j-ai UolP yb£JI \+J OjJ 

jj ^ l)j_| ij&y bjuP oliiU iilUU l 1»A> Ob , <i u-u j^ GPE 
jj> } * ^ W J yhSli > «jS>ll iyJI 
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* jLSw-u » ( i+ijty ) yUill yi JjjjJI LUk jjj . li^L Ujij US kvi Jl; 

<Ljlk)l Djbj ^ Ojllftll JbUjJaJI yt SjU »i»j . Je, 

tfUJ Uf jkiil JljJl Jp vU*^l U&*, Jj J* <1^ Jiyt ^I^JI 

J! iJwl* JjjJl JfciJl JJ I yu^i KE i5>JI 

y*i J-M VjLtf *k 1> J4^< jS*i} . 3-Lkiij wiUSiU TE <jjl y> iili, 
TE j *«>ki hr J Jjjuli jiAii J 

-W fr = ATE 

TE jIjj; Lu . lib vJL W lr Ik LJUI 

* Jj->l ji_* Jl Ulkll jyo yA_iJ Ci^yJ lib 1+y Luljjj y*p ji y 

: jJVl jJJJ c/iluJI «k Ji, ^iioj 
l ^ L - < 5jL *3 J“ cSJ^j JlSi4±> Ij'j . Jjjj ^ jlSJ *j SSUaJI 

■ ^ jh» ^ 

Cil viU b-* U3wi c^UJl iju» j-u— u». olkJI tty y^ili - #J yj| t ‘ M 
‘Uijyil ^jL** Jjjl j_, b_>|j J^s*i <ji US I j5Ui)ll ^ ca>j: 4 o^l 

&J- 3 J 5 Vi* o* °jV Jl J 351WI yi kiu> » Luij , UjlSij 

^ ‘k^ 1 J ^ f\ <> il>ij ik *tyii ojiij o!» * ^ 
o>yi J-k (1) Luk s^t SlUl »ty ^ <> yui wM JUS ^ 

Hi*3 «siU> V L_» ^Jkll !»Ux»Jl dty* (2) i ikiUJI Jii jjill y. iiJUJI 

1**-, LLkJ ^1 u*>jj| ItiUJl syui yi jxJI Ikk J /is jl Uk_j iLij 

Wk jSi; j^il ^iU4 j jj lU 1 !’ ^U; uJDj . lujkJi y jSi ^ 

C* J, J ^ ui C« *<Slo#SH Sijll ^1 

iilkll »LL oyU oUS yjU iiiikjl y , ;&u, > j^5 

jfLJi «UxJij jjLUi ; J>fl S 

Oj'-J lj ^Uu! luJl^ Vi-jkJl iikljJl yj. JjiJI ^_|y J: *J | 

• ^j 1 ^ 1 j* >^ij ji ^’ij <s_»>ji ii ii j j^i 
W fM = AKE + APE + ATE (fi_9) 

* r 1 ^ 1 ill£Li> ' :,, oji 3k»(^ Jjkl 1 Jttll j* uoU ATE ji iuiu p 

* 1^1 Vj'Vj ^ l > il ^ J w 

>b oLUl c/i^ J_s jUi'ii jib oUjJIj Jiill ^^feuJ Jj^JI »1» 
jup J ^ ‘>* ^+Ut Jj- pLWi ^k JiiJl Jjl, lili . r IUi ^lij 

•S* ‘}^ 1 f vl }>i ^L m J«" ^LinlH 

. (4^jij>ji) yis.yi y^ii 
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Ulit AJjk* > p*~V' uilLl yf-1 


D 


(5ilW!j jiAJI) j-ubJI 

: Sj3-flJl (5-9) ibUll i>b J)-> ^ S fU“" J* J>y ^ ^ 

AKE + APE + ATE = 0 (15-9) 

JA jj\ v l> Jt jb ptkiD ^lyjl iillaJi j Jjyi O' S* «*» o*Z) 

UlUl . ATE = 0 $ UjAaj . olWi j 

; iiy>j l&m 

AKE + APE «= 0 (y5~9) 

<^*Sl chj L-Wl crtUH J-* 0*-^ ^ ^ ^ J* 0*1 < 5 - 9 ) yjUil 

^ j L#5p')!i jJ a>1j plO ^ J5 ji djJi fll j 1 -^ 

, (5-9) JJjIaII j oil •» 


5-5 Jlli 

20 m/« L*jJ jj»i &>)> j-* 900 kg 5jl*-r c«lS Ui; 

UUi JS>s o' cM 30 m Ujoj oU SjUJ' >1^1 Js jiUlkJ. 

jutiij SjM' ^i>! o# 5 y jL *^ J 1 #* 4 

i u i'ilii« JVj*1j 

p L . oiUII £-u* U-jll UlUlj JiAJ< v> 3^ O' '■ *% 

f L* U*fc» ojJ 1 

. W,. u = 0; j! JyJI Uli*j jijkllj ojU—JI uji* ^lAi O' '*! ■ 

t oltJlj JiAJl <ip j vUt&>*il *} JW J'> 
L^j!j>JI «UJl j wlyll iijL< J*^ 1 ; 

. olj^l &ljjJ 


f 4j>H\ iilkJl jw» y oij> yll ol^l ^ li Jlj- 

i j i.jii ^__4 Jjui KE Lit t Ljijl sjL-JI pt GPE : CjI^)’I 

jLiJI J[ 

t yi>]l ejjb j ULUU JAJiJI ^jtO i> 4^Lt J-jL yJI aJjUI U : J'M 
; 3j*-oJl Jfi jill AKE + ATE ■ 0 *bl>jl' 

(0--wd})+^ =0 

,/s = -W fr ut^ . 8 = 30m * 

: f J[ iu-llt <i0UI iJjLil J**' SJ3u)<j 
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(iilUlIj JiiJl ) Jrfudl 


1 2s 2(30 m) 

V JLiLa.'il oaij ol»l ji iijJyil Ljllyjl oLUl jhit U : yj jaj 

. 180 kJ : 

? yiy.Jl Jl&>'il J* *1 ju uj U : j 4j*j 

0.68 

5-6 JU* 

oUxll yliu . 4.0 m Ojjj ^Uijl j* 1 _h=’jSI Js, 3.0 kg oLiL- 

► 'fcj-Jl Jjjlj Oj^L* ytfjSb Lj-Jil w l Jy SjSJI ifj** yj^*J 

■ ( j’A l rt J U J V Jlu/I 

V ilLJl alt y !’■ ■ jj ^jJI plkl'l eft L ' Jly/ 
oijH\ j\ *l*Jl £• 1 l*;S bis jjSJl : AjUVI 

V iilkJlj Ji-Jl LjJsu y _jLai) ILmLu jjJl> .i>y Ja : Jl y> 

*i oS W,. xl - 0 Uuij . OjlL JLaJ 6lh( lijup ATE = 0 ; ^ : ol»VI 
. ( Sjfll ) fUvJl Ji 5 \yy» ifeilx* jj£ o' ^ 

Ui>i ijiuj i_iA . < i jiIL ■u>jL> d»_ 3 iaj.'LjJI .-L..-.JI i j_i!j 

-? jUic'il 

oU> a* J%* o« y Sjy'u Jjti'L y^ » jy 

. olDlj JiAJl o^iu y PE 

V iJLvJi ajuk y iilklU JjLlJl L^Lu yJl ijoxJI ibbJl y L JUw 
IX/.!<.! I olkJl «UJ yl Jilt lit : ‘Ul>VI 
AKE + AC,PE 5 0 

k GPE ^blidl i^>JI oLU jLupJ i^i * ..i» 5 uefo bi>l Ijj 

: ^i| i j±ii 

AGPE = 0 mgii.O m) j AKE^lmu‘ ! -0 

: 'i* 

^mu 2 - mtf(4.0 m) = 0 

; V Jl iu~Jb J»JL . ^.LftJi y o5 ijSJl <ltf yi k^' 

v f = (2gh 0 V n = [2(9.8 m/s*X4.G m)) w = 8.9 m/s 
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( SiltJlj Ji&ll) 



j-i l&ll UmJ W f \^ 
. iiiLi l+ilij UaU 


5-7JU- 

ai[ 5j . 40 m ^LiJl c* «U3jl Jh* 7 ^ <> 50kg <dsS 3)*-* J-- 
3jJ k-y. x>ji t 0 U 3 JI m»Uu ^ijiii-L . 20 m/s £jliJI ,>jl -ulkJjl <k>J Cpj- 
jyiJ! Ijiu »Lwl ‘l^fJl ojli* 


1 JhWu JYJUul 

V ^UiiJI ji Jl>j] *7*^ J* ■ 

jj- f iwi <> Wj> cis 13]. i*L> j^>k yLil <£* : V 1 *?’ 

ATE JL> ^ hfit ^'y JjV 1 J^ 1 
^jf—i ‘i^fJi oy 0 !* y 5j> j j>*iJi 3}^ >ib • **^1? 

JJLill c- IJL. ilAj • fUsJ V«Hf w wt 5Ui JV 

c J* 0 % u: OiSiui ^ J ^jiij. aw* j^J< yjui ^ j>ii 

O ^IjlJ'il pi oli« fUiill 0^ 3* . *J-»y "^U 1 

UlVIl > JS y Jifill ij L . jM\ o» 'J* ‘M J Jftt ; J, V 
? O'JjJ'j J*-J' i^ki jj 
: <Jp» t /1 J»yJi liLu J'ib- }UA Jjy il^Jl 3y ■ kl>)ll 
ATE = W fr =/; ir {40in) 


jlji* ys GPE cl US 1 \m (20 m/s) 2 JJ 0 > jIj>* KE tfyJI olb 

m#( 40m) 

v r tyi 5 jJ}» jj>! <&(*■♦ jy tS* ■yy J* : J*)-' 
} \ 1 *>jL> JL> X>y H LS < JL5a>^J >1 jJ- J J*jt 1 . * : 

. CxAll 3)£m Jt l/y jy 
V 4jlLI!j JjuSJI o^*i 3ji« js l^LJl iljUil j* U : ^'y 
0 = | m(20 m/s) 2 - mg( 40 m) + ^ jr ( 40 m) ijl>Vt 

jy>Jl »i* oljL) wiuJ ji 

: ^ J-oi / >jr J1 *j— i)U aJjUII Jaj : ViiLUJij J*J* 


^ (50ktj)(20 m/s) 2 

.<S0k*XM«iW>— M0m) 

= 240 N 


. 73JU\ '*lLH J SiUJIj >i!t J Jy^' 0* J* J "'j^ 1 : 

AGPE - -19,600 J t ATE = + 9600 J, AKE = + 10,000 J : 
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5-8 JU* 

5-15 JiLJLf A < Dul l xh j S -.1 1 lyjtf oL^p jj Ifjt ijuj 
LijJi ic^- Li 20 N iiyll JlSWlI 3y c*HS Ijj. ^LiDl Jt Cilib Ja^jj 
V C <DuJl jot (y) * B LLull ill ( i) 


: 5-15 J*-l 

J* A & I jf»Jl iila JjjkS 

■*— >.U ' Ljl jX l&Lj li ,jl AiUa 

B to yl \ifl Ik. 

•Cfl 



n 


.(l)*iIDLJY.UJ 


V B JJ A ,> Jioi Lju* i^llGFE j KE J) hi>z jp\ ^l^uuJl ^ L : Jljj 
0 j* KE ji*j3 Ji5 . Ah - -10 iu ■±i+> . mgAh jU* *£5 GPE ; 

, (jU^J y^llail )» U B > i 2 mV B J! 

V ^liidl Jt I'jlfA jlyaiJl Jl»jl yao J* ; Jljw 
UU> . j/LJI Jill I ji Uki Li . ijy Li" ^Llull jliiu gi o^aJi LI . AjI>^I 
. O yrf jLulll j JISul>^I iy JL>P 
J-L-ll Jl . pUsuJl jA l*J>j i^l jjlUI Djll jjj» Jlj-I 

'' ti!'l£l>Hl ji ail LilkJL 

jJj s = 40 in <iy> ; W«t = -fs jlj y>^l> a ji£ Jl5u»')ll LLL IjJ ; 4jl>Vl 
, yLiOJl Ji B JJ A i> oUl 
f- iiUJij jiiJl o jol jt IfxU J-x*l LIjLII L J[jw 

-fs = (^mv 2 B 0) i mx All 


pLlL i; fl J] y-Lli aLUI UjLuI Jaj i JLlSUJt) JjJi 

v a = [2(9.8 m/s 2 K10 m) -2(20 N)(40 mV(300 kg)]« 


1 


i(u)^liL JVjImI 
[’ jlaJ jSJj lull 0j4 A & Ijal yl ya* Jj» . Jlj«i 


jiJj *.Jjj jps (^*5111 Ljii jJ) Lay jji> iSL (Roller coaster) * 

• (f*^ 1 ) *j*“ *•</ L f' , ‘^ A * jy 


















( ‘UllaJlj JjiJI) 


't| '■•■ ji .ik plkAJ to B jl A |> ijw |ji j$*i : 

J_jJI ^iu j-l> 0 Jik d)Ju> l« O jto JJ 0^ A Ojkl ^ 

. c M 4 -JL 

<■ C 1 j B iw) V B ) A j# GPF, ji jtjii l» Jl^» 
>M* +8m Jilly ; C J! A Ch AA = -2m di*» AGPE = mgA/i : ol*]lll 

CJ|B 

* C j B o*j f B j ^ c* JAAJI jIm* U ; Jl>- 

: oji <oip» jLli ^ jL*i*j W ral *kli >jt : 

, C J! A -n W Ml = -420 NK60 m) = -1200 J 
, C J| B > W„ t - -(20 N)(20 ra) = -400 J • Jilbj 
? C JJ B <>J C J! A & KE J >all jlji» U : Jl>- 
i^iJI jj*j ; B iiiiJl ik 13.8 m/« U,IjL o>j-y O' 

. B - C kLiU iuljjj^’l kyJI j'jL Jlw 

AKE fl c * J m[vj - (13.8 m/m . AKE a c » -0 

: ;^S)jU 1I JAJJI 4^1ai jkku likjLUXj J*)' 

-1200 J = + mg{- 2 m) : A-C 

2 c 

-400 J = -^m(13.8m/8) 2 + m^(8m) : B-C 

. OiilUJ* litf j u c = 5.6 m/s ji oUi! ^k Ijjli j£j jl v* 
A jjiUiii o*4J' AGPE 0! Jji jft 

<uIaa)I UL-JI jk (flkJI o* y(^<Ai)l ol>i lj() W* L»kf ‘ B j 
LtiUJi jyiJ iitUI oIjiAi yt Jjill fi JJ A ,> jUll jk 

j^iD owi ol^ ‘ jVj 4 1 ^ 1 <W > ^ ^ 

^JjuJl 4^1 jLa jk OjuaJ <ikjLv*)l 

5.0 m/8 (fkj-* jIjju jLi *j] C «Jp£JI ok aSj> itj- jbi* t* : 

, 14.9 m/a : 4 jL?VI V Jl5A>*lll JG*J A jk 


5-9 Jlki 

; 5-16 JSAJL, 0^j~» o^JI .> 50 kg I4S& 4 i^ 1 

^k 10 m UjJ uLl* oJ>U LifOj *li)i 80 N L^j oLAk jO 1 
oUll JJ oJjil *L>) liJkj . ^(SiklOUl yI.Sl ^Jb J»* <kJ' 

oj-» JJi Ji-i Jl i*Jk> j-*» • j-^ 11 jk Ua>j J>^Ji M 
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: 5-16 JSA 

,'i Vi/;i '*kj #iiVi jl^i >±.u 


D 


( Jiill ) ,>uL>JI L LaiJI 

fti J| 4 —CiLbj UolCj i 4Ul ^iuu jjJl Okjjil 

L«. 14 m/s jljuu jLS 20 m Ujji 4 j»Jj iiL** <*ili j/iiVn ^jill 
V £« Cfoij BjJyli iiliJl jljJu 



0-5J* 4 iijxll jL-u j-JLt oijju dlSkOll ikJ^> Jjjoli JjuJi ji jiisi . Jl^w 
? dlj ji±> J*Ji j5lu ,Jui . fjXu jti jLli 
L_«5J . JaJI WaxiJ <!l> ^ 4>***> ijUJI si* iA*)H 
Jjj-iil JjLiJi jli plklli j» ^jS’l ol>i Ijlj, ilau-xi oliJl liLUl ji .lllj 
. tjl*| jJ»j • TE 5j ya ji _vfL jy dl£s>Hl 

jilkutiI jLv ^ B Jjx 4jJjil ity jljuL* jLaoJ k_x*o J_> ; J\yj 

V ‘oLfiJIj <L(IjuJI Jjlxu UajImpU C j A 
jjj Uib ^<x a JiLkll vlij jv'i ^Silj 1 £ jib <u*Jl jUu jUJ jSy ; 4 jI>VI 

J| yLil JaJJl C j A jliLiuli dli*j i ji 

? C ) A KE j jiAiJl jljJL* L . Jl^ 

. C ai£ KE - m(14 m/«)* ± > A ok KE = 0 : Ol>VI 
2 

? C ^ A FE ^ U J(j»> 
, APE = mg(-20m) ; 4 jI>)II 
ATE Kud L Jljw 
. yyu yjlLul j * ATE ; 4rfl>VI 

\ ^vtuJl Usjlxa st i ji Jy Ja : Jlj-< 

5LLe j^-iu ly_3 . R t A MJl Ui_Jv Jjjull J-jLjJ| ttj 4jL>Vi 
4 t*J> Jlu ui ]yj jljJLj b JjJlj C>JUI j^Sil |>'JiuU <yjy i*>jl> 

. W Mt = (80 n)(10 m) = +800 J U ; ji JAJJI ^ 
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( iiiyij JiiJl ) yu*L»JI 




D 


n 1 

W - 1 

r 

: 5-17 JiA 

.4 XC i j£i! Jtu2\ AJLL 

J*-A A J 

j—1) »yS)l Ajijil.1 jili y»j)l 

. C ilaiiil Jjfr 


v C j A on olUJIj JAmJI o^i jJw ok IfjJLc J-»>i jSJI <JjU 1I L. ■ Jlj* 
+800 J = | m(14 m/s) J + m/?(-20 m) + ATE ; oL>Vl 

: ^lt J*#*i ATE J] <u-uL &UI ILLlI J>y , iLliiJDty Jxl> 
ATE = 800 J - | (50 kg)(14 m/«) 2 + (50 kgX9.8 ni/s^K20 m) 

= 5700 J 

iL5j>JI Lilt y_# 800 J odjll jLku J +*!»’ 3 j> jk ■» J5 J! 

‘l ! <:L SI 1 H j~ .j. , Uj11 1i iLiil jjJUl a_»ou 9800 J <ll)j JJ i_iLL« 
jljJu yl li_> . Mill ait KE 0j^-o 4900 .J J j i*j 5700 J 

ityAj IjlkJi Lili Sj* Jam'll 14 m/s jjLJ flUl jit ^ 50 kg *ili£) i p*li 


5-10 Jtt4 

j» LS »jL* jjjLai j* 10.00 m ^ai ^li3jl (> 2.000 kg LfSli5 5^5 okL. 
Li. Jjjl! 4>_i cjjO 3.00 m ojj3 ja^ ^ yji*Jl j! 5-17 JiiJL y#« 
V jjill ^6 J^l yyj jjill <«^Jl 

i i^alaju* JVJilwl 

? S^SJI ^ JjjJI yy ^iJ! Ik-jSlI oyJl (>au jil' j* L : Jl)-' 
oLUIj JaJI \ijoj jb ; 5jSJl j-i bfii 13*11“ O' 1^1 ' ^^1 
• ^1 j*ll Jt ^ 

ATE = f tMi (0.030 m) 

V C ji B A alt ; I jLo FE j lilt I ifl ji ; Jl^*< 

ifiyjl j(jA* iijiM yi Lli> (j$lj . Lfli ikii jl liy-u jlei>l yi H '■ 4al>Vl 

. lii^L (,£** ^ o.l* * Jjjr® )** B ** 
jn AGPE J AKE y-i Oa* 'jib 4 jIL>| <ku$ A Ul>l IjJ . 

V C J A yilLiill 

j! AKE = 0 yLi oltj t yjitijJl lilA kt yj£i 5j£J) 4al>)0 

oli jl-ll J o4>*3 ji yw i>fV-9 Jki UUJlj JiAJi Ojk 
A GPE = mg{h, ; ~h A ) = mg(-10.03 m) 

)-W frt uji U : JI)-/ 

llilki yi ‘}> yi 0_^utl Li'll W M , = 0 : *Ll>)0 

v iilkJlj JjLftJl > L^JLp jiJI iJjLli L ; JI}-* 
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{ OtUlj JaJI ) y*>bOI JmmJ 1 

, ATE = -W fr £u> AGPE + ATE = 0 : lA>)ll 


ii fciU 4 _JjI \y> 4jLL> Jl l*-h -LuIjIi^I GPE J^>w <J«>JI tls 

, AKE-OoS J4/J 


ATE - -AGPE = (2.000 kgX9.800 m/ k* )(10.03 m) r 196.6 J 


f x M *U- - (>550 N 
fuai 0.030 m 


5-11 JLk 

olj^ IjJ . I 5 16 J£AlL yW 4 >■* ^ ■)**> J* kLu yt 

V R xJa ( i) ijSi 15-Cj . jljJu L-j t A ILJuJi jj> jj&Ji j_* i^SJl 

. j^ki UjL jli JllUl jlj jjljfJl Jib'll' J**] ? C ikt (k_r) 


..^LLUJV —1 



H 


H) 


? oIIj (jl jJ^u J* : Jlj* 
jS« ^I^Jl A)LSl>}l dUiSj j^Lall U* uJ* JlA^I oS » 'i : oL>)l1 
, <JUI *i* ji kji^l iilUl >» JjUD i|>) pJ !>j . L+JU»! 
t ijfli ^ 4 I > : Jlj- 

^ juiJl Lujl*Jl B*J ijSJI J* 3jJ)ll 3 j*>j)I oylli i 'll : Ol>yi 
l*Jl» JLIjJj 4 OjSJI *£j> oUfOl Jfi Uilj J-Ul Ik yi j-pljll . kiiJl 

? Ik iiliJlj J*A)I o^k) JAA U : JI^j 
. AKE + APE = 0 U*?l 




I 50 cos «> ' 
= 1.15 m 



150 1 15 
1 - 0.35 m 


M 

: G-18 JSA 

Jj~as tyjj W Jj^i Uit 

. £kj AilJa jJl is>i yu. 


?CjAc»o?£jAirt APE jUu U : J\y 
yj> USj . APE^ = 0 fi k Jji-!l jle ykil C. * A jllkiill : 

(1,50 m) com 40 5 = 1.15 m JjJ* ±*j B ILiiJI w 1 ^ JSAJ 1 t> £•*(} 

1.15 L»jji OL>^ A ikilll JiJ gj B *JUii)l k ^jl , BjAL jA«j)l y»ii o*j 
APE a j - mg{- 0.35 m) 1 <*Uj , 1.5 m - 1.15 m = 0.35 m 
OlLJI^ J-iLlJl C^jliki iH l* » jk J-Jk»o yliUl yLiljLJl LkA Li : Jlj* 

V Uf, j V H jj^AoJ Ia^IjaIwI 

, o c = 0 jli olcj . KE Jt » Lji*j J yjj k APEax -0 ji «1 ua : ijl>Vl 

; A-B jLllJl^ k jjj 

(i/m/J 0)+»«<-0^5m) = 0 
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( JAJI) o-jliJI 


; ji x*j iLLJl <JjUII if* i XAiLUJij J»*)l 
Vg = [2(9.8 m/8*)(0.35 mj' n = 2.62 m/n 
v Ui jjjz oLb J] iS^I «U> j' ‘ f^ 3 y4^ ^ 

» /fc i!l ^Jju tji, L* # jy-*i JL 1111 i* 4 >jl> W <S ] >*' 

cS^JI JjLs 4-u-J jH s { iiiUJl > ) ojl^JJ ojyi y <Ji»W 


5-12 JO. 

PjL-oJt ju BjW-Ji iS-* 31 j* iS^'j •M 3 °b u# ! & d** 535- ^ 1 

J5*UL L*ojil ajMl yi y^ M** <J* fcW f> ^ ^ 

. jL^, *> jU 15.0 m/s JI ji-JI 6* ^L-Sll 4^ 2000 k e W 1 5 " 19 
jj/ i)L£i>1lj ^ JlSatfJ oyi *iW ‘J* 31 ^ ^ U i* 
^oIvun ^isyj'i—^u ( ! ). 500 N ^13^19i*J^>^' 
jJI ikyjill OjjJtll L. (y) V ^1—JI 11* y—sfi ^ »;M y 3 * 3*> 31 4 
f 4^15 i ; LJl «L** oilS Ijl 5ji)l 9i* 4^iJ 

ijzi&A jvjitot 
V 4 JUJ 1 jj* J U» 4 J jjj* fUiill otijS* U : JI)- 
. 500 N \+*y**) » ijlr-^ iJjll dj* 3 ' u!» *^3 ■ ‘Mj S ;M' : W 1 
. ATE j* <Jy-LI * 4>'J 6? J 
Y JjijWI; ol>y 6« J* liL : Jl > 1 

L-rilll jit'll IJ»3 ji JJj ( ijlj> ol>i ^ 

►Uji Im±* L*_Ih. J>— >}• ‘ Jo 3 * 31 ^ J* ^ 

JjU! JJLiJI jeyu ^ r LLJl ^,l> »jlM yij 3 * 3 ' !i b • ‘J 1 *- 31 V 
^ JyLiJl II* J*-j . y-*!l 5«i ^ 5 S» 

. lilkilj JxJI o/i y W m jjj-9 
* j>Vl iiuui )r > j ^JX*J j3ll u ; jl>- 
^JoWI O^^GPE : W 

AKE = ■- (2000 kg)(15.0 m/s) 2 - 0 } ATE = (500 N)(80 m) 

\ uUJlj JajJI Ojk U**j lit* ; JI)- 
VV W , = F(80 m) = AKE + ATE : W 

? IfJ DjJ^li ojXll ijyil DjjiJl 3feU U i (l) : ^ { y 
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vy *l5m& 



»=S00 in 

: 5-19 JC 

f Alajdl J. <JjiutJ i jU jIjL, U 


j* »J>ai SjjiJIj. olkl! jjy Jj*. y t 0 - 3 II m*jI oUJi j ijjifl : U>VI 
< ^LiJ ppUl ^ I.J-A. F SjaJI JijJi jjU <JI>J| ojA 

. 80 m oLJI 

? (>}JI li* 6^ IjW : Jl)- 

iAuH 4l*Jf olj <5>Ji oUu jJL; ^ <*Uj t ii*Ji ji ^ : ^l>yi 

V ~ 2 = 7,5 ^ '****) S “ 80 m ^ * ~ V t JlJJaJI K3*\ j£. Cl'lljUl »jj» 

'(0 «>>»)• <L*iLi+)ij J»J| 

: UUJlj JiiJl <bbu o* 
W r>1 - 225,000 J + 40,000 J = 265,000 J 

SjJull i-iWl ^LUI J_>JI JJUj Ll# i K£ J ojL^I JjS’l j»Ji 
** F V 11 jL *! • 1>M Jib -iMSk-'ty ^l>fjl Jl£l>^ll IL-ilv 
: *»5U)l ^ oIjUj^Ij JjjUI ^Mill ol>Lu 
W«,i = f\80 m) = 265,000 J 

F* 3310 N : 0 jj 


I (u) «>>JI 3l£2liJ»j J»J) 

. y> 80 III 3iUl ^biJ ^jjl 

- JL. - 80m iA 7 
—jx - xx —r = 7 « 

o/2 7.o m/s 

** F SyiJl 4iwl^j jjjyll 4u.jlll SjjiJl 


■ ^art _ 265,000 J 
t ~ 10,7 s 


= 24,800 W. 33.2 hp 


<%i—II jb F = Fv jjjili jii 

. \tjJ\ 

oil, J] ^ sjui J 25 Jlj> o' pUll > 

4(28.8 hp) = 115 hp IjjU oyL $1 y*. JjaJ! yli ^ t <£j> 

• U* - ’) jJ>jJ JiSl 


^HuJIoVVI 5-10 


jU-? - “Uxi—ijl <UVI^ . J^iJI Jjj IuJlcL-J 8j4>! ^ 0^1 


















(JiiJ!) i^UJI 


( olj 4-JLfcjJi.j olj5Jl_j Ji«3j . j^>i <kij ^ 

<Lw~dl o^l <11*1 jMj frlijllj 

Jui ji <fil *ikw ‘i oiui Jit uyM liflai. 4iUsJi jUo 1 iiu-Ji c’fll 
j-« L*5 Ij j-liJ 'll cfll 0^ lj-l»i« *-* Jjj-3 jSJl JaJJI <4*i 1> Jl«i J7J> 
jjl—J <_«£, JaJI J3-j j> Jji JA-Jl jl» dl£>lH 

JI JJuiJl J_>j J_y>3 L-U* i_JVl wli$ JJu j . idUll Djlj>ll OliaJI 

■ J*^ 1 £> 


JaJI rj> 

% i*Ufl| = -SL. X 100 

JA-JJI JiJ 


(5-10) 


. Dill ^ 100 l»jjj o«LLL cllS IjJ 4^)ll» ifill jl JlLj 



: 5-20 Jti 

. <ku-j iikj 



ajjtj t syii j>j j^Sj gb*** VS* **^' i»S gku k irii ji it-* 
i 5-20 J&2JL> *-1 m1i < !» ■ > ->>ll *-«iljJI JaLUJ If-JjSli £*yi ^ 
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JL 


W'=F U 


: 5-21 JL 

i -1*«JI j>—i-j i—4*1! IMA 

1 - >»! l P Lui Wl jjL^ (JaJjJl) 

. UmA ^ jfcl 0-flJ yJ» 


( iilUJlj u UiJ|) L **#|.>Jl w L*iJ| 

*** • ^ ^ Op J*f4 » PjH ji l j}** j JISuLII j! yipjj 
■ J>J Up H jU ^ 0^2jt kjLii 
JAJI Jio - W 

j&p jj) > h Up uL 1 J-*jk 1I < mg JiSII ^ Jy d)jj 

■ jr> 

Jkill gj> = mg/i 

jj| . pL) ilSl j! L_i vlil LmI iAu>j 

JaJJI pj — JiUl r y 

y 

Fff = mgh 

jPP iii#3Wl J» j~lill J 5-20 JSuifl jj L>yu 

: jij . h/H = x/X jli LUj i jplii* 

F - m *Tr"*i 

x/X Up 4*-if Wg j, JSl F J*>JI iapl iyi\ jl <JjIaII 3 jjt j,. 

Jj i-Olj_Jl jl jku lift . kJi jmg op- F j[j * = J* cutf IjJ v *i*i 
. 2 ap Jal**,/ apl J>j oisL. 
LfJLc <-ki-.II ailll jUDu Ij’.*• .j iU. ,.1 1 

F 0 oJli IjLi, puiULJI SjuUJU jjfil teU, p iL-JI ifil gp 
ol^ o^*; ; (iji)l J->j jl ) IpU ijljll apl F, oJtSj <J5U »yUl TJ > ^ 

: bP 1 p AMA ipill <P'»pH ajiUJl Ji tyO 

(AMA) * -*f (5-11) 

8jJ-i J-»> fcjy 100 N ap i)h J>j JJ Ejl+Jl aliy* ^Uao . Jllll pj 
; AMA u[i fi 0*j «. 5000 N 

jjjl OUil jl yi <lu-W plikljL 3 J litLai 4jjjj jjjl jail I yi3L>Jj^ 

J-*> jSli , d>LJI ayil yy ^1 oLil ja ^aji J*>JI L^ij^-uLi 
up oy yy jl WJL^V! jaUI 1 a»I^I ill> y y Up OLi 
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( iiUfcJtj JiaJ!) t uu>L>JI jLdl 



5-22 

. 2 jjt-d i .3*2 IMA 



: 5-23 JiJ 
.4 


5JL* ^ i jjl . iilfcJl tUbJ L»xu jy*4 y iiU< jjill lit . 2y Lyjj iiL* 

: yUil iftl 

FS'-F^ 0 (bis 1*0 5J5U ) 

, J»*jl jjiJl XiLil S fl * <kLil syll yy yiJl ii Li I S t klu> 

**W > J J HV 1 r> Jm cuLL aJL <J~J o2LI£jll SvUSJ' jt jmuII yix; 

cJUll S&l&ll ijjUII (IMA) = (5-12) 

s o 

jic- aJSi »*US LuS (A*j IMA k AMA y>yu 

% S«U£)I - X IOO (5-13) 

IMA 

J5DL Owa^il 4ti.j. .lilt il'SlI Jj ^v>jJL i'ijjJl jia }juli f »*L 

J*> |UjJ ^jl L L w -d>*ll jy*) ( J*ojJl) <LoJl ifill sjuft . 5-21 

Lji: <ji U5U IMA oLt* y5 Ujj . _L-s 5y Jij JLu-L W JJO 

Jj_t <> a>l i> Liid Lj- <1»IS jjjj 4Jbv*)l aJjvaJI jjjJ 

: i)j| , .Sp -2m . x. -2nb jli £ jaj • j^ljliil jyljJi hj>» ^jLu 

IMA-i.M.i 

s 0 2m a 

. <jj| }L> yi F ty)\ yj> iiUl y 100 iifill 5«-US oilS Ij^j 
tM-f 

a 

jJU J-a» 0 LUji cLkkJI j>->^ jJUii Lxu Ij^15 aJLaJI ylaj ^ux> Jx»oj 

•a* <JL £jj o»US jlf* 

^*l~‘ •~ 5—22 Ji-iJL o-a^ll ijlLJlj LL aL; i—J.I o^li Lwi xiKl£Jl yj*j 

Hjxt OjS^Jl OA* . F syj Aj^aJI 5jSjJI jlil Ja»JI xly L»Ju£ M iijj ^ 

^1 li_. F doJL Jx>JI iw ju fi Jiwl Jj 3 jSJI UL> t Li—Jl 

S ( Lftjj ijl—a J_L L.XX 0,5 ft. L ; J liLu Jyvi; vJ»w ^ILJI 3y£fl 
4 0.5 S l ^li-JI DjiJI y^L*^ jsjjJJl yjL>Jl I> Js" ^ftii ) , UUll i^ySull jic 
' i>J • s , ji5JI yisUl y^ JJL) 









( SjlWIj JA&JI ) y^liJI 

4 jfvjil^ill tjjUll ji oLil ^Ic Ijj'j ji i i >i 2 Sjjj IMA Lfj Ojliuji oi» 
, 4 yS) L-! n-23 JUL o^ll ijliil 
Jjl j^lfJ 4*I**J' <*SLjlSL H (JtiU)l 0l ^A»J' t> 

C«3jlS*)l J>*jll dlS5»1l y**, ^ ll> . Ih-J MW OJ^UJI 
ij Sill j jj p £lL Li Li | lo- Liji jlOji j^jlSJI j*jl Li,; I j£Jj . Jaii 
j^-ij jj £—l_j jLL jAe oljLSJI JJi j* . iS^ill 



: 5-13 JH* 

G—24 J£JI^ oL>jll ( oIjSj L_jkL ) 3jlSJl> iJLi-AlU 2000 N 

. ojl£Jl ol» AMA j IMA jjf-ji . 800 N #jj5 5y J»j ^Ij&Ll ^L 

> u '.iU‘i4 JVoImI 

v iyUl rj >t J>j 3jLUUI jfiy jl . Jl^w 

.i 

F, 


AMA = 


2000 N 
' SOON 


2.50 : ol>VI 


V IMA yLt» J*> QL ■ Jljw 

J»>JI ^1 <jLilj LfJ^i 4j»LJl syjl yy jll SlLJll jv *j-u5I : 

? J*>JJ j>J( kjjUl Jui JuP Q>jll JoJl j'juu JuS ; Jlj* 
i J*>JI £ij JL>JI jot it l*J* li^S p*j ji j : 4jI>VI 

Ji>JJ j*Jl tJjkU l>ljl ji jjilcj . jicl JJ J*»Jl JuL By jll 
yjj "Hu 5-23 JUI js . ^Jl ji iSjiill Jlx*Jl j* joaJI li» ,>u jjLJL 
ji jl-m Jl> JI 45 c 5-24 jui ji v u* ui. owjSi juj» o* »yu* 

F ^1 iiLil jLj Jj>Ji Jill ijUl jli 1 jici 

: & 

IMA = fi c a 3.00 
*i *0 

? ^ 1 ;* jH (^jjJUJI Jfi 5.USJI xuju Ju5 ; JIjh 


% ^usji 


AMA . 
' IMA 


2.50 
' 3.00 


: ol*?l 


x 100 = 83 % 
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( tfUlj JAAJ!) t^UJI >il1 



: 5-14 JH» 


^ jjjjj 15,000 N ^ 5-25 JiiJlj SjW ^ 

x !u*JI 6 ^j * i*LJl > <*>y* ^ l f b ^ ‘ 12 m ^ ' tfj * 1 
^JU 1^1*31 ^>>lt 'I* j 1* il»L-u Sy JU* *1 l 11 ^ 

5 yJ| py Ul* 125 ifil »**J AMA oil* li| (i) . >WI J! ^ 
t wjyji fyJ*» ji ij| (v) v J^ 1 ^ l^ 1 j ,j2j ^ ^ •*** 

jljJu L* (_*) v IMA iiJ U i 1.5 cm *, jJHi- jl- ja 

v 30 cm Ujji i*U >*JI ^j 1 & ‘^r 11 Vjb * 11 ^ 


1 


i(i)*jjJI ^ilaJUjVUil 
V AMA ) J*x)u 5 ji 3 l k(jy JjS : JI)-» 

J**JI 


AMA = 125 




oj^ii »yJi 
; J>J< 

lM 15,000 N , oam 

--125-= 120 N 

j sjiji ojJi ij| ul. j^< i* jJp <W-* sy 51 o' J* o' ^ 

jULj , jljjjJI j3 -~ Jy U«jll ^ ***** ‘V ^ ^ ^ ^ 
0 i JLJi jJuu , Uui AMA JJiii-. l-S J**JI 4^ 

uSl JlwuJ 11^ ^ ^ AMA 


1 


<(u)iijjJ( ^lih JU JV-liml 

1 .jyjl a^k>y IMA 0 }U L. ; Jl}- 

^ji iiLJij s>s)i JJ>j yy j * 11 j* IMA : 
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.X 


















-- J-' - 

jL-urti jy_j. L_iu» ^ ust j^si 
• u^il vfl J-*' ^ <iu* i s* iSiyb 


LIS 1.5 cm \ijj J_»J^ jl j_» 1.5 civ Lyj : J»> o' J*** . J*>Jl 
Ujji iiLu yjj »yiJI J>j o' J*>^» O* pfl' 0* . Ju)' j 

. iiJUlS ijjj jJl jt jj L»jlt 1.2 m Ujki JLm 5_vj'j Lua 4 Jy> 

i*wlj 4>ljJ JSJ $ ( = 2/i(1.2 m) = 7.54 m jl .uib obi*)'! &L 

: oj! * 0 = 1.5 x 10" 2 m U ; ji Jt\ JJ J*aJU 

IMA = — * * S * 7 - ^ lni — = 500 
1.5 xlO' 2 m 


^ i iirtu JVjLumI 

L£Jl jjluJ J_f5 , ATE ^JU 5ilkl!^ J*AJl OjJu : J'L 

V iJUJl 

JJ <*Lo- jSu ll*j . W ttt = F t s i y> jjiJI <kJ^ JjjJil JaAJI : 
jjj l Lt^jj oljj jJ lifTL-t jvAj J*»JI jl . L-jyil oKjj jt ijjj 
. AGPE - (15,000 N) S 0 jUL JS J GPE jljjJ Jj Jt ifM . AKE = 0 
. iiUlj Jiill y ja>yi a*JI y ATE o' UJ G5U 

liiij ijjj J£J W M = (120 NK7.54 m) = 905 J ji pLu : J*)i 

: ,/i\ JSJJI Silkilj J/ull 

905 J = 225,1 +ATE (SjjjJSI) 

oiy^W ATE = 13,600 J jli y • ijJ J2 ATE = 680 J JbjC SJjUII tj* 
. 30 cm Ujji J*xU *>ljl Jl»j jill 


AilJjJlj 4 Jj 2JI jjlSj : jjaj 4$>j 5-11 

Ojki ij^Jb tl_«l E * me 2 IhUil JJ 0+kAjji OjJl ^oy jjiJl IJJk Jilji y 

UjlSl ^ jtt <bLu Ujiii <UjI*1I 3 J culS Lj o^jLu JS o* o^j • v +J ' 

S Jl>Ij 0^ ji ilfuiiilt <ni. j Jl SjLaII 3+A jyu Ijli j!Uj ^li!l (j> 0* 

jjLjj y jj c o' 3-12 p-JiJl L»J JJ JJj 'iji 

m jjj]I Li . Oitiy Lt l_^ jljjij 'o> ysS li_*} i 3 x 10 H m/s 
Jyil . ijllaJl uA JJ E j*ji Llu 4 pL>Sl jj "iSyJfj ji p-*> <liS 
i ^LiiJ . ojUI J yf-y ikuy A^uJl ollsJi iSU> JL O' ® = mr2 

1 kf? Ujjj SJbS IfSJiw ^1 oEkJi <mS 

£ ■ (1 kg)(3 x 10* m/s)* ■ 9 x 10 w J 
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oij 5jj-a j-f Uiu 8^ jJauu 'll <UjL>JI KIUaJI si* jjj iSJi £*j 
. BJjLaII ilk jJl-aL <uiji ji ijlkll 

^1 jU_ 1I jj£u . tjlil i-a^/ J! ijl**b jliill jljJI li» ji AiiH j* jji Ji 
KJ Jllflyll <Jilj*A!l j^LaJI I.tl ~ i ’> >« olji j< i-uvjJl lxiU> lfA 4 JjLoij 

4-uJ 1 jxJX jl jA*jj ci*—itUikjL^ iSj-if ^Ul> 5jj-> jj o-*-**Jl l*-" 
oljjJl 'mj£y okt *Ali jljlx'lll^ LuLuAll o^UUill c*iO sjLU 
ji j-i’li . flisi!l JL^> Olt> jJu Jl II*j jUw IwljjJI Jjj Jlu oli^ i!uJ> 

<_*juJI joAill jli oifj . iicliill ^L»Vl 4ju> ji oilji C*al> UJj J^»JI iili 
^ 1 j Ji",) • J* Jip y* 

. Olt yH 

djLpJ J_*3 oJLi l_>j LLuljj jl&I HxixxJI <u!uj>Jl 4luJl j) oljjJl jjli l*ji» 

jl ij ya jj J.UUI j_* ijltJI vl w juuj . ^Ltuil Silk Jij Ljjujjj 

Jj'll pLtull jli ILjljj Jji oljj olj 8Ju|jL> oli»\> rXIJ Jiliill jlS IjJ L|l . ojlft 
5jlj> 5jj-w Lj . oUl ijm> i—.IS^ jl 

I j .O ' ".! iilli J* ot^iiill ji olklb 4JiSJl k>ji ^jjl j^i.tjj <Jjbu yju 
. oj'il HLjjJI OjfcdJl ki - rnc~ <JjLJI oils" j Luj i ^Ikill <115 olglj 

Am = ~ (5 14) 

r 


Jj-ijJI fljj*ll JjLSJI jljj^-VJ l>lu Sjj*jil iiLlaU oluiJl <UuiJl ji r> UJl j* 

. ( j^f-^i jilj jy^li ) J^UjJI y <1>IJI BjUI j* kg J£J 10 7 J Jl*> jjL»!I 

±jJ BjUI j-J J JS yi jxiill jllu j i jiill>i iJjlu b_^*0 IjUj 

. jlji»j y*jj <Li£]l j* JS jl (B~14) HjIaIi V 


lxlO 7 J 

(8x10* m/n) 2 


1.1 x 10‘ 1U kg 


Jj’jo Lu iklilll jljll ■ilii ylu ji j 51 u; ^jiwuJl ^LwSJl Jiliill jLi <a 1 &j 
ikb^j j w J#)l c»ljj jS*t ll <i«Dl yi ji*jJl 11*^ . o 2 Ij*(j 

j^-»w 'll oMcliiJl m ILm^I ji Lilli Ij 5 j»j . JIaJI oiyi j> 

4 itfil jilZ jL ljjUal 

jiJlj V olijyyjjlj oUyjj^Jl jl xviw i^jill ^*311 i-ljJ jis jSJj 
j_* IjxiS i-ii ijjjj •k-j'y lf Jw .1 Usuljiu i 

oj_A yJu 'll 'Ljjljti^ll O^LcLidJI jli ji)li . ililjjjl jjj <_>■■!ikLiiiiI JuJl 
U» jLkD'lllj Ik^AJ jrbjw^lj iijuJl O^UUlII jUj l OljjJl jjJl 

jJj ; OL»i LLLi Jl ^^ylj^jJLS 4 _Ju2jJI i_ jjjS 1 I L^jJ jiUu oii> 

rLidjlj jl irt’ill j i Ant rL.Jj'lll L_|l . oILxll Li^iJl iJj jlxlill ji IjlaJl jXa* 
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( 41lUlj JiiJI) J-aill 


* 


yjyJI o^UlilJI pj»! jjj . 11 jin' ji£l <jjy jjj OjtLi 4 j ii »ll yy'lll 

ir -uiyi y-oll y» li-Aj i ij^lj (yL» ily jij&J j^yi yyl pjl ^tiol 
. ji Uikll JaJyJ 

Oily ^Lullll jl JjUxJj'ill JjyJI JpUlH iyj J* *3 <^ISH <liSJI ^ij) OP 
,jj joJull H-A jlj Jjj J_l* . lyii Lali Jd Lyi JJ»o Jy 
5-jJ , (5 14) LbUil ^4 ULJ Jam o^yy J#iil)l y 5jj>lll IdlLJLJyjy <Jfc£Jl 
Jj JyXju ‘liiiill alyjj -uL>Sl JiSjl jl illll jj 0.1 Jly» jl XvL jltulu'j' <Jl* 
^-^Ijll j—>j ^lijj'lll <Jl> y Lyj ijlll y 0.8 Jj 4 ;>. .ill I a 1a *iiy luu . oLL 
O^LcLilll il>A»u Li i <li5Jl y Ly*»i lyLi j^LLu jjjyill jxiU jl 
yLji JJJ Ojyjl o^ULijJl y 0 \ k>ull 4 JLL 1 JI ■Uii jli Ijiibi . ykuJl <J! »«.»*> 11 
100 JJ 10 jljuly LxiUySJl O^UUuil y IpyiL ji ySI aJLpUaII OjUl > 

, Li Ju ijt jyi* 

Lf_J ^_ii >0 Li aJL p OJ_frj 11] oil? J] sjLiU ylfJI JyKjJl L^i> jiy 
<Jj£3l ojj* ( lyj ) Oyj LyL-lj oils 1 $ .!>i JjfcJi LLi ojLLI ji ylljuAll <uSJi 
SjUI *Ll5 yuJ ‘LUO y Jl iv ll y JjjJL lAyl <1111 y 100 <i 11 ) Jj>u)l I1 a 
i SJlUu <Jl> jj juvy <LL1m too Jji JSJ jl dll . will Jjdjj 
j_£l 1 iWi; JLill J-; ‘ ^-Lpj . A—fjyll O^lclijJl y Sy>j olyil jjtLu Lj-iiA 
ijsHlI <L,ilL0^iJI y<aiLa*JI ^>*11 <J y»j ; jjyLjjJI J 1 ‘ Jjy-SJ? 1 J 4 J -3 


jiy-ijyllj jjyAJ'll ^jLai; LioLj . <i>y ylljylJl tlilLiL jjyil^J 

OIL <Jo£JI <yiP LL> <a!I j-i jLLL Lyu Ixj jL>yj LLj Lajycj ^yL 
L»L» ^LiiL) 0J5JI <Slk!l ^Lyj . lx*. y-*J iL»y J^l» oil ( tyi jl ) <^LiJ 
C J ^3 <ijjLu jjyujyJlj jjyiJVJ <JLtfSl <JiJI <JaSJI luoJL J|LJ Lyl J>j 


tLfcll j« ijLH oj-ij SjUI r'jji jl> til ; o-*i*Ji <JmII sjaLLi j5-*i li)15 
yjbLjl j j . ~ i. t i, u i LJijJ <j LLi S 1 lyfii lyiaj JLj ^ILijJl ol» . Jy Ll> 


jJjuJI ^la&i 

: lyli jjSJ jl o>o Jxi)l 11* o*yi Jj j^l 

<ilL ( j ) 1 <ij>Jl <iil> {j ) 1 ixL . l»lj Jifll ( _A) . LljJl ( j ) 1 SjjiJl (_>) . JyJl (i_r) . JiiJl (i) uLpyj. 1 
<J5U AMA j IMA (il) ; <lS’l }»U5 (j) ; ollaJI ‘ly jyl3 (1>) k iillxllj JjLUI yjx) ( r ) 1 ^liOl J+>JI 
, Cuju <jLu yxjl Jy*L LxL aLou iy <k-ly jLe Jjlxll J*Dl. 2 
^.X.lii, yj(.ii>.1 1 - Sj jiJ| JJ lil^l ji . <lu_uJl ^Jiljll ji ijUll oL> . 3 
lijLi <iLu JL> pJLj 0 J ^3 Lu ylli Ol>J xL yO- <Sj> Olb j! yijJl . 4 

• J! I> Ji»y LjuP y*>J ^liiiiJl Xf>JI oils y y*ill oL» . 5 
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( iilUlj JisJI) ^L>JI jjjJI 


. iiajL»viJ! ikilxJl JpJl jwo OjAaJI . 6 

. OjL»JI iilLJlj iSjjJl ijlJsJ JjUil JpjJJ £«>pl 43U»j tf>>Jl oUbJ JjUII ili/lll ja*t 1 .7 

ip xi JjLi Jlu Ui*f ojpAll W L, jSj. 8 
JjLull j »,n» ^_i)l <ti | hi ill JJLJl J_>J jjI iiLUlj Jiill L^ti iij v° utlJl *Uj jpll pi >Wi ill - 9 
, p-c»Jl ^ Jil Lfp Jjjj p»JI o1lt>Jl dJi pUiJ y S^jl^Jl iilfcJlj £-»plj iSj^Jl jjjlW 
. <uj^UI oUW <J»*y ^ o*l*5j AMA > IMA yL*> . 10 
. ppM jlai*j 4 JUSJI <ui JL Jilij ji iSlkll <u»5 yLi*J E - me * iljUll pla>J-/'_ 11 


; <LybppJl CoIpJlj <Uiiil alj>pl 
itflWljJAAll 

1 Joule (J) * IN.m 

: ijjill 

1 Watt (W)«1 J/a 


I 4 S i>lj] p_i_yi ^jLaj Lulu p_i> ^ic yy F 3p J ^y Jiiiil JjLlJl ! Ja-JI 

W = Frcoh0 


‘UwLl jjUj oiLjJu 


SpJI 6 # ^PP 1 ® ' i * > 

: 

A-f>iu _oi Cui JamJI ji 'll] jU^5 5pJi ji ji p zjlj m 1 
15 I coh fl - 0 (—>) 1 I jLe jjLu L»lj^(l (y) ■ ljl-o ijLu ipll (I) ; jp ip* jpLj jl jSu* JiiJI - 2 

, (0 = 90 u ) oUJl jk Ijjyi Spit yp3 Ujk 

0 = 90° jpJ aju> 1 JA^JI 0 90° wul5 IjJ. s j f i^jljU buJ U1L p ll>^« ji jS^ Ja^Ji . 3 
jl IjJkj 4 9= 180" jpJ d«£i>^ll ill> ^ -J*- 1 JiJI jpu 9 ^ 90 n jpu ItJik ‘ IpLtf Ja* 1JI jpy 

-^x lijLu oilii>'lll ipi Jjkli JjLlJI 

p-opl jit Jjjfll JiJJi jiL? . ej_> ^s- 5^j J5 ck *\y JjijJl JiiJI ij-c*o Sjjoa jp p-**Jl ' 13] - 4 
Hj\ 0 *Jl ^pLo Li^p IjJ 4JU J-Oy pJI OvJuJI yji) ojj» . Djpjdl oLt! 4 -')ll sj^J 

Ij.iL-ily Jjjpl JjLlJl Lu u* > p 

: JjJiJl 

J ■*. 1 1 Jjy Jjju jjjill 
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( olUlj JAA1I) >ill 


: 

I hp = 746 W: (hp) <*U>JI jjjilVj SI r lWl j ( 4*15 J5J JyjJi) tyl ^ iytfl - 1 

^*?JI Ijji SyJI lf> jl*j SjOiJl jli v *l£j* |u-> ^a !)l*i JjJ jSJI F »«*JI ojil 13] - 2 
P-Fv cos 0 


JjJdi = SjuSJi x t>))l 


. V j F Ljljil 9 <lxi> 

. i^US iySJl Juy» ,> - 3 


: (kwh) itL -il_j tUSOl j*% Lil^SJi oULJi J> IfJlwCuJ ^UJI o(Ja)l eo>j J] UL»^ lit 
1 kwh = (1000 WK3600 m) = 3.6 x 10* J 


: 4*j>} i m 

. c£j> ^ jilt tilUl (KE) iS>Jl tttb 

KE = |mu 2 


: uXi> 

olkll Jlli! JSj ,JjL 2JI UL> US’ Jj>JU SI ^LLJI ^y KE _ 1 
, yxuJL Uj£ jSU) ^ o 2 y m ijS Ui'j m jji; j< v»>>j KE . 2 

: 5ji)l yUJ UlUlj JiaJI 

soil JaJJI = W (Xt = AKE 


: jJSliiJI J^xll Oil? 


ji£ Lilbj L. jLlxj jIL-J 6y~« J! 4*JU f-*U ^ ji (GPE) ^IfcJI j**II iiU, 

: olsS jrotf tyli i*3l> 3y j*U 

GPE = mgh 


: u)b> 

. oJj Sj-JL /j jjJl jll^l jUl>l J* JJ3 i lj*-» jl iLJL y <U>j« j_j£ jl tfLj GPE. 1 
jju-jijJI ^ 4-USJj i ju*> *U3i f->Ji jjii. jjJl jLJl jjjm "j! GPE y - 2 

. jyty juft 

jjJb okull LliUili ^L*»Sl Ul> j-s» <li£Ji ySjl GPE jl*;'!lt ki»li o-aJl^. 0 

^i^Ji U jjSjt j 1+ihS jSj4 


iyJl »jj» ji JlL jLII Jj-jUlI Js- jUl J&V j~>y J* l»ii JifcUi U »jf *kJ y JjV 1 J *^ 1 Ijj 

iyUI j»SJ UjJ>j . (iyJlj J^j ■ 

^tJI £a^i Ityjjll jLf»Jl lilt ■J-tyj 0^! 


- 198 - 



(>uLW'j JAiJI) J^aJI 


: hjj>i\ tip 

v wLSj>^I tSjJ oyi Ijjj . l^jljjJ lyljJ.Jl iij>Jb <LUjLiji<j JjUD <ilUl ^ TE OjI^aJI lilLlI 

it—l*j JjJ-ul J-A.1JI 4j*S L5jb<^ jIjiLy ilijjil TE jlj y ijyi pllsu ^jic » £jljil iojliil «li)j ^ 

. vijiJl oik 

: iilkll «■!L j wl3 

jj OjL«* 5 jL^ 3 siu_»j <JIL)I 3j^» j>i j jii £jx*j Laic . ijiL^ cl*e ji J ^ ji jliJ ji ■>' o’JaJI 

<ilLU j jr> 

: oiU 

UL> ji X>y jj ^iJl oiyt jye Ji £y**4 J* iii J^IAII k OllaJI jyo Jj <juaj Sjj-j jSl tlL ^jilj ±>y *) 

. O.UX» 


W„ t i AKE + APE + ATE 


: ‘iju/jll tiWlj JxU 1 


: lfi*> 

. jjAt ^Uaj bLuki jit iiltsjl ‘lib jyti JA Jjjjui! <L_st jj> <t>L* ^JbJl OJA - 1 

Jj(> J-t jLU^Il ^j! ^ikill <1 aJ)LkJ' oyjl 4iuljj Jjjuil JjLiJl j>b >bi_<iil ijLLJl. JjLiJl O^ni Xi£ _ 2 

JjliJi JJL-- w RKl . f ujj ate oji^Ji otyi ^ duwfi <ej* Jjj^ii JaJi ^ k ape j*ji 

U>^4 j—> W„ t • fOwJI jL* jl iill J** Jl* jyLiJl .> plk*Jl jie Sjijj ikiLx* y£ Jyj ji <kJ^j JjjuJl 

hJL y L> r 


(AMA) ■>.i»a’i <^.;K,ili BjAUJI 


F 0 

T 


: tiu^JI oVSlI -oiulkJI ojuUM 


. iyDl J>j F, . *11 jr> F 0 ^u* 


(AMA) <,^1111 <Ail£*ll iolliJl 


s 


0 


wJHHjjJI jip *1 Jkjj jjiJl 1** « 0 t s ( &*> 

: AknJIoVVI i<US 


% ovU£)l = 100 


JWJI J>j 


= 100 x 


AMA 

IMA 


: leM 

jj> % 100 5*USJl . US'I <k«l^ JiLi jj_> J[ J^ii ^jJI JUI J>j y_» <4_jiil vJJ ;»ui'i 

, <iLb Jl jjJl JlAll J>j Lyill <i-oli 
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(UiuijjttJijuM&n jjji 


oLxJsjj <Ujui 

• ktf# *JI Cm C*JU <p4 jLU JjjUi oU>Ui J 4 >| ji ^ ji J>»ou J*U yU. 1 

liA Juki U fy J >\tyi Jit o^ oS l^ty . JjjJJI J.LHJ ^bSl jljjfJI yj# £±, JjLiJi ij* jfc j^i 
* t J& J J* ^ S )F, jH JiiJl iju£ Jj Jj Sj 3 jl J >)\ 

*^L- Mj OjU —3 I iJliJl olxiii U-* (>u -o £k J*>* ytj £. ^j**J dSL ^Axi . 2 

V olisJlj JiJI £> 4*) O' ^jli o^k o# v-JI ^ L. ^Jij 

UlJJl OJA jib Orfi o* , !j> ii>L OjjL ^ <UiII o* 4Jjy jij> J (3^>JI J^UJI j ^UJI L,^. 3 

V Ojl^ll 

ij^ JJj s-u* pl\ , jl^L ^ jIjL y^l Jj* Jjilj yi j\m J ,/U yi J} y '-jk. 4 

( 0 *j}\ Jfi lt*j J*fi ) ^jSlI iJaij jk i yi»i L y£\ t*jJ\ j\jju r+*J Oj . £UjJlj tfykJl uUJ JjUl J^xJI 

■' ( 0°J^ 0 * ^-’ Vj ^ 1 ) Qrti.n>»ll Jail J 

lilt ijySa ji o -4 Ju v iJl— ji Jfi £u*Ji jii^ Ja , iJL ^ jJiliJi j^aJ) UlL lA ^ 1 I 4 . 5 

V *JL l£j> 

v LijIjL k- J! 0^' i> £jl*-S m SjL— oi jijii I . li> jjj frj* J* fjL-JJ oi,®j4 l 5 < pki-i 'll. 6 
jj Jhl^I gk~j oIU^aJI oh Jlii>Ul iy <Jx-l^ jpjl JiiJl jljJU U . jljJu II 4nl»* ob jiii A:> 

v igLLJI oik 

<■ k-Li ji i^xi, olkll Jj . 7 

JiiJl j£ Ojii. 4j; «lib 0 * J 1 * 11 <^ 0 *^ ^ vli l^-j^ ^ JiU Jym jk Jlil ^p'l Jl£> 1 ll J,Lm . 8 
»jj (i) 4L_lw Jj Jl JaJI f^\L 0 ^ 0; s . *"U it.^ U^b cuO JI JJUI lijlJJ ^Jljj Oji 

• Jk*l Jj Jilll ii>*Jl jk ISjxU JliJI Oji» *iilj . JjbjJl OjJ (^) . Jlfu»*!ll 5 ji (y) ; jJI 
ok oi jijij jaJI f jx~s! lill uSili JiiH# L»^ o£* u-iH <-tib o^>Vl 00 o^ljJlj oljLJl jj );.9 

. iJlk o^T'o^l 

iL> ;J ^ 4_tj^ ojj^ oUi 5^ IJ 3 SjiiJ oUl l&lu oi 0 ^ yll ifl^fcll JLJI OjjiJl jljk U - 10 

? <p^u (JJI 

0 1 vji/jl • * 0 " J< L»j'- 0 J Jj-»i OjL-^ Oj!*-/ ^jLadl jif ijL- jJL LJ jayCi ^Jl oyiD iutJijH Jill jjj . 11 

• tpi-j 1 > O 1 -^ 1 l*>i Ji5b jiiO . 25 m/» Lj JS' itj- jljJu oij o^UU- o^jM' 

f ^ 1 *-»/)! oi 55UJI Oi ty* ^ JJ ^ oltJI Oi 1J Jl>^ ol-J ) 11 vJj 12 

4184,1 r UkJl 4iU» o< jiliAJI jaJI £ Ljlill ji\/i /jj ? jJJ| Ik ^ ■ t » ( ‘ ■■ ^ 

JjLl» 

5-1 ^i)l 

■ Sfi N UJ Uii 5jL ojuJ Jjp 2 m U, J iiU jjjk* jul j Jjj^ll JJJI jljL L . 1 
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( iillsJlj JiiJl ) yjobJI JjwJI 


jixi« U yO'fl J>i 30" Lftjjj ( »_Laj »L»ol y yy siu mj 240 N ojLj JUL>i Ly jil Lj}UI soJi. 2 

? 10 m IajJ* iiU LjaJI Ly» Jy*ll 

<Jj#j jLiJl jljit Li yiS'l o*i 24° Ujjj Ljlj £Mot al^Jl y 180 N Ujjj syu i_kl» ojly. oi^il 3 

? 50 m Ujjj Ljji LLu ijlyjl £»jJ Lju* otjil 

UUjSlI l^ljltJ & i)l£**il iy jlji, U . 36 m J*L jj£JI <Jl> JJ oLy 1250 kg ijL- oil* y . 4 . 
? 3jWI jlp 4ll£»*l 4JV Jill Jiill jIA U V 0.7 JtSLuVl JaU« *IS Ijj jyUl ^ LujSl 
^ o®>-L J-*^ 1 dj* Jil* J*Ul jlji* L 1.8 ni ojji fliljl JJ yyil 400 N l+Jj “SUli gy ^Lj. 5 

9 jlaill Lull if : j_u JUl^l 

LJ . 8 kJ yjl L»oJ J] yjl JjLUI jli IjLj . Lulj yt Lull 200 N Ljj IjJj Jjkj £y . 0 

? yji j*« 

jl y_wL 4.5 s 5jlJ < 4 >£j^!l y* <iji Lili Lj y 20 N U^I-iLm JlSu>*il ly xa 360 J o^jj 5LL1 . 7 

V Lj-JI OJA W 3 L t , I Jill Lull ix yU ij y>UJ l*u£bll 

j# Jl5a>^ll JjIaj jl5 Ijj /’’ Lull iyu ■uailkJi Lfiuju y> 30 kg LflllS Lyd <^JIL> xm . 8 

V 8 m “*jyj ill ll^j>jJ oLuUi LjuJ jl pyil Jiill jIjL L i 0.5 
? 6 m y£JI yji jjL> y .iajLlu Ic^uk* jy*p y 60 kg L»J^ Jjjuil J*iJI jIjL L . 9 

L»yi <-y l > J-JA! ^ jJ>L« jjyu J* jIa! J1 3.5 in L»jji iiLu 80 kg *slj^ ^>Jl jjjl-# ^j . 10 

ifjMij >j jj (>*—Ji jjjLb jijiil V jjxua vj y Jji4’ JjLJJI jlji* Li yi^J LudJL 24® 

. jljill Lyll 

o^i kiuL^j 0.3 jJtjkjllj 1 >j»uiJl Ji»jjlj» to-t JuUi jli lj| iLU! LLJI y LL pj^Ul JiiJ! jlji« L. 11 

? j l>iiH <ijlw ^jJI 

A£^-u jJ*L* yAt jlft Jiwl JJ jjjii y! ySuu 50 kg *■>)•£ Ll* JiL J>_j J1L# ym Jji Ljjlj yxijj - 12 
? 2.5 m L*i^ ul ‘Lii L^yil yx JlSia’il )y <Jjp ^jji JaISJI jIjL L . 36" J^ll i-jjlj o£z Ljic Lull 

5-2 ^>jaII 

\ 100 W Ujji y^ rl|W»l ^La>JI ojjill jijii L - 13 
\ 5 s J^l> 20 m Ujljii ijLI LLu 50 N Ljjs auajI i«L ili>«i jjijL yy* Ly ,«ij] Lj^LlI Jsl^L 5yi)l jljJu L . 14 
cjySl\ jljuil ^jMJl 5 jJla!I U}j L . Liii 4ijjl yxOkg IfjJni LjijS jHyi 20 N UjIjLi dl£i>l iy. 15 
V 0.6 m/s jijii Lull ix yy y> Lfj>u> jlx l^u 

\ ll^ll Ojjj rj> AjjJ li . C S J^l> Jfi\ JJ Lw|j 5 Ol Ujjj LLu Lull 240 kg <ili£ yl jj li.n Li ^y -16 
? Lc^-Jl oja jjx till LjUi 5ji uy U . 16 m/s LajIjjL Lull if’yo vjliJl 100 hp Ojli ytyi - 17 
loljJW jlys'i 5jjJ 4-lj >i Li. 2.5 io/k <iXj—- jjii Ljjc 12,000 N Ujljiu Lull iyu OjjJali jui ji^> v!u~j . 18 

^ LjyJl sjA ooo LuLaaJI iijjijlj 

^LjOi ijjji j^OoJJ y> 5 m Ly ^L> 64 kg LiiS i_JLL jl-tL jl mv yJI <Luu*ill Ls^-Ji ,IjJu Li. 19 

1150 w oyjj yi jyS 
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( olUIlj Jii)l ) ^bjl J^iJI 

iijjj Jji lui L. . 0.6 kg/m in jji Jjmj 3.0 m oji JS ^U3jI JJ y> Jo *111 flA*i-l i\jt- 20 

* yL*>ji Bjjjuij j>iy^ 

LyJl jh L» . 8 m Uj J oiLu 20 kg Lillis <j/jS 1.6 hp l*lyi Sji jl ajIaj Jhjfi yyy f Jj**-'! - 21 

0 Jjy/J| £}J p^JI jjJJ (_5 jA«i3JI 

Y 10s j 36m Ujji liliijl iiy; -uij j«-all «ku» ^ill JSSL WN y lo • llhp »j yy 5y» a***- 22 

5-4 j 5-3 jUjiil 

Y 20 m/s Ji«j J 1 2000 kg LpiiS yy *Sj> ilk U - 23 
iiMJl yju l+J 5jU_w 4_S‘ j> LilLj 100 km/li UjIkL. is-u Jj>uj ijl** <5y- ilk Ja y-jJ ( y U - 24 

Y 25 m/.H Jjuwu J y 0u Lfjilj 

Y 2.0 8 J^L> 1.2 J y oli»» 1.2 g 4al3S ioL>j l+Ji; jilt iUl U - 25 

Y 2 Okm/h 1+ifiyj 1200kg 4*& 0jL_i o£y oik ^ oJ j*Si! 72 kg *jJti5 »lj£ jyo O' y** tiW- 26 
pVJI JuJU, J.AJI I1 j> jjU» . 20 m/s J! 10 jo 800 kg l^ila' o'-*- 5jL- wl^jJ f pUI JAA« j>Jo U. 27 

. dl&^l c5y J*»! 25 m/s Jj 20 ^ 0 % * jIjaII ^ UyJl *jbjl di, 

Y 2.0 m Ujjj JL« J}1» 3 x 10 7 m/s Jj j/Jl j* (m = 1.67 x 10 27 kg) o/j^ jjLi j£J ij)UI 5yJI jbio U. 28 

• ( 1*0 j&\ i**jyi* »/ y Ori^ 1 ) 

0 -* (m = 1.76 x 10' sv kg) olijJjjfll ,> ij> Jj>Xi »i/> jj jli J*« ^ -h - 28 

Li i i-iilDl jj 3.6 x 10 lc Joauu y ts/iftl oi» <iuj>oJ lj[ . 10 7 m/s Uy3 <Uy JJ o/-J' 

Y ifil 3 JA Lpou Jill k/L OjJlaJI jljAi 

4&S ollS IjJ JjyyJl ilk jlJio lo , 80 mi/h LaJaL. ic^ ij£J< y y IjJl Jii-30 

Y160 g 

liL; iyjl J^iyjl <k-i^ di> »jiUi JiAJI jlaio U . 18 m/n UjIaL 1000 kg lV - 31 

Y 24 m U ; ji iiLu 

jlo_L L (I) . 6 cm 3 -ap yp j»SJI JJ ciLuji 400 m la 1-6 g 4^ LoLoj o«j1ujI _ 32 

Y j^iJl JJ Jj-bJJ LoL> Ji oyu-J ;>jll U (y) Y jrflUJl By i-y 

JlUJI y-» jjlJu yVl jijiJl yf'i ^15 6 m/s La^jJ j^si 90kg *ji£> ^1 »S yti x>i fr\£ l*y- 33 
jUI j-ijll L. f JU»J yy- 1>— >y* j'Jio U (1) . 1.8 m L»jjs iiL« ji ja^ Jiyi 

Y UL> u&yjl yfi^Jt 

(jjy Jlii»'lll Jjliu . 2 Ill/s UjljL A^ylju^l l&_y LfySlj 0JiA*i» *Sy Ji 8 kg LfJtSj Jil> JSj. 34 
jjUl JJ J^yi Ji OfJjll lyiwu yjl iil—JI ibnj oLWI • 012 ^lDlj oJ)ll fli 

5-7 Jj 5-5 Jj f L&I 

Y yjSl JJ 4 -JIj 150 m -ultijl ii Js> 12kg y^y 5/1 /illJl j^>JI ilk ui U. 35 
0.8 m oiji\ jc IfcUijl 5 j-SJ* ^L- y 0.5 m jiJ^ Jj Jt v-yiy 2.0 kg (5jli) jyj iffi. 36 

Y JJ <yiIL (y) Y BjJJI Jau. JJ ijuJO ( I ) j^jll ^ ■4^ J| /<*» l* 
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( ollailj JjlJI ) J-ill 


. SiLL fk* J* Ojii-u JjSi ijflj J* J^ jL«J« 3.0kg UDI <Ij5j 5kg Jjil jl!)S-37 

? 50 cm UjjJ iiU JjS'l ijSJI gSy Li1p plDl **) iilt J j*dl jIA U 
Jj ( V ) V 1*51*11 j_^ Jl^JI *kJ/ JjV J^ 1 jIA U < i ). 800 m tflfijl 75 kg <ibS j£> ^ - 3fi 

06 min JlytJI j/i-l 01 (i). ( dl£»^ 5/ M ) • ^ ^ J UI J* J" 4 " * *** 

v iilpJO iiilft»Jl S^liJl Lijli L ( Jill jy-a j 

5-9 ^ 5-8 jU-iJl 

>jxi ^Uijl >4 jJUjj^-aJl J 45 min s ; J li*j 16,000 kg \jt& ^UJI Jfii oi>i-l - 39 

Ly'-^JI ijjJJI U (v) V i-*il*Jl ju» U>LUI 4Jixi jjJi J^JI j!j*j L .2700 m JJ 1500 m 

V <*jl»JI J J> li>LJl jA I ikrf«ill 

. ( JSuHl Ja|) * 40 in Dji fliijl j. okU Ijj 0“J% °'<j kg WiW»/ fl»y «j- ^4 - 40 
U — L . jjrtl *-< 30° L»jJ <ijlj w-m jj^lo /« -^^>1 dj*j jj^ 1 <> yii ; 3)** ^ - 41 

? /»ll 2,0 m L»jji oLa J^jJI J* jj-LJI 

_^Lii J j£ LjL f-^Jl J-u . h ifl* i fliJjl ji J! . h 4;J fliijl J! » J! Uj p-* ^ - 42 

fr ikuJl ojjk Ju£ ^>JI iAj-1 jljii llj V <*Sj> 

ijill jijiu L . 10 m/s >11* jij% flji-Hi JJ <5Pj- aity 10 m JjJ jliJjl <> 3 kg *iltf jjjL JmJ - 43 

, » WyJJ 43/11 <lw/ll 

^ 3.2 rn/s j] *2*^ jljii J-* jjjSl jyLu Lp jjS-M ^ 960 kg ■Uiii la^a« ^ ji jyy ~ 44 
v ^ oils ^jjl jUji JjLSJi > ^jill v-J' y ^ V j/V 1 ^ ^ ^ ■ 24 in ^ 

3.0 m Is J! oUy 6.0 m Jjbj 30 u 43ylj JiU ji jj5Jl j. 3.2 kg UJaL itf oL - 45 

, ifi'/i 1 ^1 jjiw ^1 JSutf ijit-jS* jUs^ iilkl 1 f*^ 1 ^ »* 
jjxLJI jlll iiLil j* L. (i) . 5,0 m/s JI Mill tty* oL»/ 30° ilylj ^ J* $'j\- 46 
V 0.2 ^>JI Jlib-Kl JiLu jtf li[ iiLil oi» i»J U (y) ? jl5 lil J* 

oUi t 3 ft JiU j>u. > jk' J| j£-J> i> >> ^ j* s > tt ' 47 B 

L (1). 6.4 x 10 5 kg ; lktU iJ&ll ili5Jl ji jijiil. 2.4 km Ljji <iU jUaill 4>i ji ^ 45 km/h JJ «;JI 
j^j! L (—^) ♦ ^lSJI JaJJIj LjL»Jl J-i Jjj#U J^ 1 oii ^ ^ ^ (v) • ^ tM 1 J ,ji * 

»j<l|t ■- ^jJI i^LuJl ijjill L*ju Li ( j ) V ii*l> *4-11 ji 4i * J! J 1 ^ 1 

? j*jll 0* 

J5L> 2.2 m #J J jUjjl JJ jl> ^ a^jH ‘HI j* 1.0 kg ^ «L-J iiviu JLASl ^4^ jyy f&*t - 48 B 
y »UI <fj~* cLLi lil jwvJJ ILL^JI Ojj-ill r J> LJ k 1.5 m/s Ull ai* *UI fcj- ji u*j3»l. 200 s 

? ikp jl>J> 

Jliifc'il jli lil ojJJI J_-Si ^ $\ J! (i) 14 m/s LjJ JJ 4-ij 240 g l*3lsS 5/ oiii. 40 « 

v jy*j j-ill *I^|JI i-ijlil ik-yll i-**ll ^ Li ; 6.5 m »jJ ^U3jl JI OjSJI oLaj lij (v) • 

jLp'il J (y) ‘JjfJl j JlSL>'5ll oji j|Sb i>i lil JiM J! J/ 3 5*j- i5^ (-?■) 






( iilJaJlj JiaJI ) y*it>Jl J'OaJI 


k fU)l ilc __JIaJi \ty jljiu L . 160 chi 4J^bj 30° <3jjI\ J1L ^yLu Li jj jyiLJ! y jHjj'il rJDI jj oJli lx . 50 

11.0 N JlSb.Ul iy oft lij (v) r L5ISb.i H JiU! jyJi JH lij (i) 
i 6 m/K L,lji« ityu pliJl Jj UiUl oL>j lij . 4 m '^cli: ; l Jlibi lily SJ xb jjSLJI jj jHjjHl SJib olj* * . 51 ■ 
p JlSb^O oyli iuJjll iui jJb <a 1SJI Lfiill? j* 3jyill Lull 4 juuII j* Ui 

A <biill jlxc yiSi-Jl j« LiljuiHl oL^c j« Ojf Ijju - 52 
XV}I 5-lp JiiJU yxu Jft US jlfXUlJI jJji dj»BuJ 
yl yftj-JU C j fl yxjJaiill X_b Oj»Jl 3-C^—« jlxij 
H^lSb.1 H JiWmUI 

ilLil ,y C j JS jubiill jul£ LyJl l tj* jlai. i>_ji - 53 

LfjCj^a jl* 1 XIC~O j| iif'ijll j| ytfjJb SLL-JI 
. A LbuuJl^ jjjil xb jLJl JJ 1.5 m/s 
lij 3 m/s bjlji* Lcj~* B A jlc. j^SJI j* XS>*Jl 400 kg IfjJti yy ixJ 5-1^ Jiill ji - 54 ■ 

. LyJi lSj> jyt ^lll JliixHl iy l>i i 20 in jLxiJl Jjb J* B Jj A y» oUl cvli 
Lu>!l jli' Lxx j£JI jj SSjjJI 3jSJI oli* li| . 3.6 m Ljb bx> vjjb yi J«x* Jiii LpLi iji ‘xilc - 55 

J^ftJ ) ¥ Sj^Lju JaLuH ftbil cxvj £/Li ^yJl ftbiiJb yj Lxc ijill jLi* Li . £» 60" Ujjj Lj*j 

( ^JljfJl Jl5o>Hl 

? yJj\ ,u 30° Ljji Aylj buiJl Lxu Lxfc SxLJl ULjl ^ JjjjJI 3ji *Syt Jjia L . 56 

jli lij , ijLJl icj* jljit v «.?>*> i i? 2 ,m Lj^b ftjL—i ^lft 5yjil Jlii>Hl i$y owlix aJLII oltj^Jl alt- 57 ■ 

L*i i 80 km/h «jJI xb 30 kg/gal J^i-I Jjuu jl5j Sj^Jl jull x>yi J^LJl y Jlil>Hl 

V 100 km/h IbjJI xlP JUfLiHl Jjuu 

<JH)JI xu oiiyi i 2.2 m/s L,lxL ity* 30" 4i»*lj JiL jy-u, jy jLti JJ jtyHl 625 g 4iti5 uJli ix- 58 ■ 

ihi jljL L (I) k Ly'3 sJlill Siijytll dlSuHl iy jl <j*y> , Ji-«i JJ jH^Hl ix y 40 cm UjX SiLu 

( : fUll J| J-bu Lxp >_Jlill <?wi jljl* L (y) V JlSuHl 

5-10 ^m«aJI 

yftjjOl lifJ LuwLil SJHl jl j_>j xJjj . 440 N Ujjj 3y |»ljiuwL o^lSL oxcLuj 640 kg <Illi jIj^- 59 

* IMA (v_») ; AMA (i) x»y . 9.6 m LiV. .Jl »yUI Ljop 0.45 m Ljji iiLa Jx»Jl ^ij ^|b * x 

. tiil i^US (xv) 

x*j\ t UUI 87 SjLifll i»U5 oJIS lij . 180 N Uji 3 y f ljiiwL 240 kg bjlx. iili ^ 5jl^. 60 

. Sj I $ 0 (_>) i IMA (y) i AMA (i) 

24 kg 4 JJiS J_*> pjj! —>Jl lift fljhuJ x,i lij iU*ll jj**j Lxbl'I )L^v ^jbi j*>j j^ <xdJl ^Ijx L- 61 
, m J 89 jl+xJl 3kU5 ji jaj&\ ? 28 N Ujji i^i 

j*>JI L^ai^ jill iiLJi j> 1.0 cm Ji! 38 cm (s^JI J>j) oj* j! j*y jp* 3jL- £liy J*Le ^iivi-l. 62 
? Silil J 22 SJHl 3«Ui jf jay/ 3600 N Ljj J*> *s) LjSH ijill ; ILL L ( v ) f pyU IMA iui L (i) 
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( iilUlj JiiJI) ^UJl Ja»a)I 

<iyL»JI Sjjill jIjJu L . oUN 88 j^Jjl t‘Ui jl j i>jLi 0.5 kW £j±j jl jyj iilLu jy^y J**y- 58 

? jy^ u* 6^ jjJI 

jljJu Lj t 1600 rev/min Jjjuj jj* jm«JI jli Ijli. 7.2cm lhjbii£ nj^t Jam 0.25hp Cjjs jyy.64 ■ 
. ttbl y 88 jj»U' 5‘US jl j^jlil Y BjSyJI jls ^5jJt j*«Jl <L—ily jj-i jiij ^jjjl Ja>JI 

j^aaJI jjjj cojLaJi i. u . ,u j i 1800 rev/min Ujji Jam 55 W o^jj jjju jj> w. 65 ■ 

j-i jjjjll a J v -.. u fjJ oU • <SW ^ 33 o*tt$ c^li Ijj (1) Liii 16 rev/min Jjaaj ( y *Jl ) ^JlyJl 

Jv*i jjjj --UA; y-jjJl pOsu Ijj (y) Y jjap ^Lp iuSjA 3.2 cm LjJ»j j &Jl 

55 W jyjil jjjj ji Y SjSJl j-ii jaJI xll t>lill Byil jlji* l* i 160,000 rev/min Jo-uj 

<uU JjLw 

J_jjull J-iJJl jIjm U ( I) . 84 N oi j^JI Bjj jji> J»e> ^LxU'y 6 m bjji oLa ^Ul JJ LJj ^ . 66 

j~» cSj>JI tj_i Ijj ifij jljJu Li (_>) ^ LyiwJI <Lurl^i Jjlxll JaaJI <joi L (y)** jlaJI 3 J 

iji Ja* 1 ? j£JI 

JjLi (_sji_u iuj jl BjL_Jl oj_A -.1 . ojU ^jL jyyt J**-' 5jL-< <1>a ^JL JliLi yj _ 67 ■■ 

JL5L»'il 3j jl olaL ij|. 39 cm/s Jj*m luii BaJm Js. is^i ly&y Jjj i 16 cm/s Jjuuy 24 u LjJ 

Bjl^Jl JiL (jy** Ja* <ijlj Li v BjLJl jIjaa i 1 j cyO jljii k viy> t kv jjLj <Sj>U ii^ll 

'■ 28 in/a LjIaL \tj-u ay-e 

* lisll ujju ji juuj t jj*i —II j< 5-2p JiiJL jull ^Lklll jj> . 68 ■■ 
jljuu La , 0.5 m iliSJI Jam jj)l Ja*Ji Jai 72 cm Ljjj oLa ^mJI 
Y pixy'll lyjuiii JJ JuP 

B^J jJjIj Cam 30° <«jlj JiL ^JL»a jlfl J] J^M . 69 ■■ 
JaLaj jl jA_lpl . 45 N LajIjaj ( Jim j jl ni l 5 j\Ijj us ) <Jiji 
4y -Jl ^ J! Jpo J-> vJLJU 1 uij 0.W JjUt JlSull 

a*_2Jl <li .dljj Jjj_jil JjLill A_»ii ( I ) , 1.8 m Lj^i iiLu JlLlI 
Jjj-Jl J_La)I {_>) t <_yyjl>JI Lj-jljy JjjyJI JX4JI (y) ; SjjJll 
yJUJI ii jr* liLk jj jAluil ( J ) k aL— il v 

<jy» LmajU jLp^Ul Ijj , 120 kg <J53l Lfiii5 J j*~> Lc'il Ja>i Jl>. 70 • 
36° l*)J$ <y_)lj iyljyjl y J-alll Jy>Jl jl5 LjuL 5 m 

J_^ c*ili Ijli o.**jSi J*^> ‘jH j*yJI fli jupj . yiS'l 

Y ^»jUJl clfl J Jl» Jj Jaw ^U:jl ^-il Li . 52 kg 
j_Mj , ^jSl jJm j^i 2400 m ojji pli5jl j* j^SUl j* 60 kg LfJlSj ‘Ij+Jl j i>LJl »ly jj>| oiL _ 71 « 
<li—ii^j J^j-jJl J-vill jljJu Li (i) . 60 m Is LjloiL 3jull <mJ Jl L^lPy cLi 1000 m Jjl oUaJI oa!> 3 jl 
p 800 m Ljljuu ijLi oU oyJl si* *JjuJ jill JWJl ; Ijm L (y) Y 1000 m Jjl JS> Lll^l LjlSlI 



5-2^ Jiw 
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( yiisllj Ji&Jl) J^ill 


j-i J-i»JI pi*-? j &t Uju? 50,000 lb UjljjLi ( dlj>Jl ^jj fj-u ) iji Jjj Jjiii ^jl» i.. 72 

J»iyU i)j_>sJI L»Ju jJJI SjjJLlI jliJu L&i . OLi^l Xj240 km/h Jj*aj IsS^ jlUl ojli Ijl . plill 

t yiLx>JI OjjD'uj 

, 2.0 m/s ( j-U ^ . * ■« ,; SjjjJI jj4 420 W dJyw 72 kg <Ji35 j^jw _ 73 • 

5j'wjjJl J_S jl . 040 W JJ sjjjLH vij^J Jjij ^^duLu Li jV >ajj "kiL jj^JI j^iL Liilc* 

yjl Jrfj Ljlj A>ii i <LujLkJl 3 J Jit ._ilj.ilI >‘.11^1—ii i^,ail! ^3 

(1) i>ji . 100 m icUijl ^jx» oj 2.0 m/s U^ljA* oiljjul ic^y Liii 0.5 kg *jJi£ jjU <_jj jiu jlbl . 74 ■ 
4 jjiill j^J»l ik>J (> Ij'uiiil <SJ->J 1 Olb jj j^AlIt (y) t wijjill ■Uijlx 1 ! <kJ v JjjuJt JjJ< 

3_yU< ^jSl ijtiiil pi ihin^l iiLLJI -th>lll ji vlllj« • iJjjtiiU ylyil! li'jjJI oLL (-*) 
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OjiLi JjLJI J—ail I ^ jAy jjJl iillsJl alL j_ylj 
jjSU j_» ^llll Jill I . <A4fUl J aJoO ijil! .u>j! (-liuJI 
juji JjUi jysJ-< ij*j <. jk»Ji J^»aJi tuS tUu 
«iJUJI jip j^>U) 0 %u-> jjjUJl I JA ji kjj—-n 

4-jlLulu jam lii'jj jayd ju l»S t, J«Jl JmJI jjJlj _ 

d!j J* ip* L>(jUl ols\>J!, ^jLujl oLU J* 

!L» uuii yiilwj ^LckVl ,> (>Uiu ili£ py jj—. 

Cwljj j_s lijljjjuJ j1p LUil jLijali jljljl Lfji IplL j^lij ^klJl JjAlll <uaS cwJu LSJiS . ^fiIt 

j"iy 


j]*>JI JJ^OJI <Lw 5 fi^i} 6-1 

iyj jjjllll ji IflSli 4 j~sL> LfJ ^L*>"ill jl iubJ* *jy> j* |Jaj U1S 
Lli jl£\ p-oJ 1 \tjmi wul£ LiSt . l^jUuj Jjby *,jl jl ja^i ^jl ijlf <ijm 
Ojm Ojlj LalS ^wjvjl 4lS Ojlj LiS i JJj jli ip* . OIL! k-uuaJI ji jlS 
i 2 in/s Lbjlji. Ltj_u o>i JlLj J^Jl j* . SlLi . olL[ 
jJJsl xij , ji jd lUyJl jljia jJuj iSjAli 3jL— cjliuj 

“OjJ jijjt LfaSJj l i5j>JI <UaS jjyj 
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( <u *3 ) ^jUI J»m )1 



: 6-1 Jii 

j jl__ Jt ^>11 I jf) ^kiJl J.jjjJl 




i 6-1 J1.DL 4j*bjl I ^jill Sjl J*U . 4^1 ^JaiJI Jj>jJI 4f»S <Jyu 

OjSJl si* JJ <f~Jb . V lflP_p*j HI IflllS jl jayjJj 
^kiJl J^iJl u*l = p = mv (6-1) 


ik>uJl <u*5 jS' Ijiijj , ^isjJl J^ajJl Lull ^jJfc-J-Jl jtj)l y> p <^ju> 
j-3 kg.m/s ^_* olj_>yi »i*j < ifjuyu j* lfll.i>j jli <2JLJL« Lu $ 

4i7 ji :.i> J l >oL> p_rl Ifjj luu jJ 5Jl> sIa , SI oljk»yi ^Ifcu 

. 3 J-ii ■Lilli kliiLi? I j] jyJu jl_t> JjAj <Lu 5 jl ix>'l 

*-ft 4_»L>jl jlj , 4 {i >Jl* 1 ul Lpl illjAlJl lui U->L«U jjjj JUiS 

■LSoJl oilaj ^j—Lo-J I JwhlJI Lui jj jl bxi-i il>^ v ^_l>JI Is w abwl 

iilby f-*>JI J'j_>0 Wl jljJU Ja^j Ii» Gfij* jljio ^_lkJ I lili Jis- jl.iuju 
' <kj_Jl iL^klb <lSj> 

KE = ^my 2 =—- = . / ,2 = 2m(KE) (6-2) 

2 2m 2m 3 v ' 


Jji-i *UjWU ^jlill 0-2 



: 6-2 Ji-i 

S*s s*h F *j»Ii 

1 )«< . ja^DI ^jiLo! d^ajJi 
Jj^jll j jij J t «Uj) If! "jiull til Jl ult 
. F » 4 jI ,j >ili ^ j 


jlaiJI Jj>ill 4f*S j j^lj ju*> ilaLil ijjjl jjLa j# i*lj> 4&U Jli* 
jl ^1 i F ji** 3jj jlc yfa UjIjO . SjJUl co» j£ wJUJI 

jyli jjx> JlS ^ji) <i>U)l si* j jl ^jjuJ . *Sj>j <&tS jljjJ 

. jlaiJl J^>oll <L *5 irtju Jutf ^Ull jij^i 

jjJU »_L jjjIaIi jl kiu» . 6—2 J5JU jjullS m <ill5 j?w jjjj-? J«lj> 

. F - ma olli" j £*j jiUJl jJjal j^jili > a 0^,) >-i-« l 5b <j[j F eyJI 

: ijj^Jl Jl F = ma UjL» 1I a = (v^. - ) / / *Ja*II u^yO ^Ia*i~.Lj 

F . w( v , » ) 

t 

; jlL U 5 L^JuLlS jfuj ijjtt 


F 



/ 


y 


m v^-mVj 
1 


(6-3) 


jjl 4_LjkJl aifJJ , / j«yi J^L> jlj>lll Ax*S JjjLiJl ^uil Ap kiu> 

^ylxjjl *Sj>j Uj 5 ^3 jifi jjjjll 5 jill ^jL> Ja^j 1111*1 

. F - ma j*J» ^UJI iiyij ji^y If* £Lo ^ill ij^JI ^iiyi (6-3) iUjltll 
JajJl ^y_u (—>-> ^1* yyll Dj^iJI ^Lu jl (6—3) IIjUII jjJu i j>i vj jlL 












( jJxxl! J-UO ) i^jUI JjuJI 


iJjUll |.la>o-l JSljll jOJ V jj yJJ) . <5^0 4*»S ji*iJ ji»jJl 

iGjij ^.., »ll jJii jyij Lii j^jJcuJ t>^jy>^jl oJjLnil jS F = ma y^iJj (6-3) 
<jJU objj Jj < 4 jjJI U I^uS Jlill jJx JLvIl cJj)l ji 

i-jjiu jj «y*UsJl a j+j Law y4 Jji y*Lii;i jl£ ) . LpliS »jl*j J< JJ y lj> 
sJiljll jlj> Jl» jj . ( *Jlj £ilyJl ojLaiJI jlsjl k 

^j> uy£t * L>^xm» F = ma j_)-£ *51 Liiu ; <_>**.« (6-3) SJjUII 
■dlS ojU - UIL (6—3) DjIaII ij^—o jj ^LDI jj*xl jyli pijid-il jj^jJJI 
iJJI^II ju>l lj_» j_» j>*i ‘V> ^3 ll» . a^ixU ^jLill |^>J! 

. jiijJl £JjJl« iJ>> JuJL*oJf 4 j*j ,^lc *ll£ll *4* yj£ jiJI 


*■¥ ■ ' > Mfl *^>aS «J* 

*j_a »j* v>» iM* ■ ^ y*** 

»j_a jJaMlI t_Li J* UjnSi I>j yi 

j)Si ^ tjjly j-ic JjAull Jjuki IjL>I pjli-,J jj 

j-i jj <j3 m 1$ "il^ :ji ujj^u L _iu jl yAyu} . j(li3 , <jjlj L^jJ aJJl 

Liul* LlbJI aj-J» jJ . t Oj_«ail 5j_5J) y**^3 y«j Jj V c 

w^j_all tL-ilu 3jiH Jii jjJjllF 4jau/^lll t^UI kJ^jAl) (6 3) VJjUIl 
; u»l JJki t j SJjUll j} 
R = Ap (6-4) 

; j jr Jl Jj ijSi lj L_ij_oi! i!L> HjUII ai» 

Ft = mv^ - mv 0 

<wLi ylJ^iJl ^ Ijtki) oyjl Ff wIj-aII J<a ! ^ 

ikjjill iyLJl iJjn/C <jyu> i> fAjJlV ^jjJf jL>oj ySJll i iJ^-u 

y-'fcJ 1 yJj) 
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( jk>Jl d<U*5 ) jj.'LJl JLjuDI 


v o =20 mi% »y. = 15 m/s 



: 6-3 JiJ 

j* JLuft lU *1 3.0 8 ij^Jk 

F j*.BJ\A 


D 



: 8-4 Ji*i 

f tjifJl ii!>J »jU Jj** U 


: 6-1 j>&>y J& 

jjp 20 m/s (> jljiu fjttiUi .k» JjaH 1500 kg I 4 I& 
v L^aJ IjyJl syUI jljii I* . 3.0 S J*> D ju* 15 m/s JJ A ikiill 

: jaKm JVjU 

; (6-3) ibLJl 1 . JpoJt o*i' iJ'i^ LiLoj ^litt 


.t - 3.0 s . v f = +15 tti/h i v 0 = +20 111/s . ui *y sbytf *S _pJl eUJl A*til 

Jp[ liijioJl till k>"i) . F = -2500 N ji jjhi 03*11 oU^Ul kl^l 
sL>j^l l*ji feu ik-Ull jjill 5.JLJI ijb^l ( objo'il yl*J yaiUJlj jJlj)! 

. 6-3 JSuUl jj iawbW JLJjxJi iJAj i kJLJI 

. 52.5 m : S J| A & <iLil U . 


-.11 JJ oJL?y 5j20 m/s 1+*^ jlji*j 1200 kg l+ila' »p, cujkui 
B^aAII JLLJ SjilutfjM . (6 4 J-SJJl jJ»il ) \ s = 1.5 m iiL* J*> 

. Djl*J 

1 ^ T .il 1.4 J V .iJJ 

<’ OjljJI <Sj> ^ iiiyi iytfl iftUll jA J 
l*S OjlfJl uL> j£*J . jAiill li* iJ-e) ^ 

BjLJl illjAJ <UiS J Jyij ih J»mJI IlfJ oUlLflll pljAA-il ji . 

Jjiill Ijl^j DjiJl i Xljj jU jj 

? 5jU-Ji Jj>3 ~<p j _^uJl i+j5 U : Jl)-( 
Ap - m\ ( - mv 0 = 0 (1200 kgX20 m k) = - 24000 kg.m/s : 
jLx* <p ji jpl »l*5l jl 6,^3 jj* o>Ul ijb)ll 

V Ap slljAjJl o*S ^uuJL oi Jl is JJ! hjj liU ; J\y-> 
. ( 6-4 UjUII ) Ap j 3 Li SjUl ^ 

Vt = Ap 
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If ByJl ci*5 : Jl}«> 









(y*ii a*#*) ^jUi >ui 


<>) J}lk OjLj yoUill yi ya\ji3\ Uu5uj oU^bu UyJ |J Ijj : 4 jL>V) 

i>j]lj i-ilyJI OLu/ |U <tk-yil ifiyJl jljii fejjti jj ^ . ^jLsill 

: (ji j»o *Mj s = vt 


) 

- = 0.15 s 


u f~ v 0 

2 


10m/« 


; idjl By! I <k-y» ljL*> jSuj j^fl > A » i f i> i t H jJjjt 


|j_jX£ IjUicI lyji Lajl ik> v J . ( Llk 18 ) ByJI ajj» jS 
3j—» ijL-iy iiyJI J£! jl ‘ yj£-Jl J1 Jj-jll JjJ SjUJI LfukU yjl oLdl ^ 
^jLxll I f K ;* ‘IjjHj ol;l*JI ol-uu y-aj uuJl IdfJ , liL. 

. Jlill « ioJuJl » yai*5j oUjldlll »Uil « » tit^X 


: 6-2 Jui 


oljl^-Jl pjLaJ jj oLLj^I JJit LuijjJi y-LS'Sl uai ijo* d-eu)' 

(i- 1 * 1 " y ) ^ jL^I ('>-> ji J>')4 J* uj* ; ^ ^ *" OTJ^ 

fkjji ul JJ y dj J; t ^jLaiJl ok jiLJl y*» yi j^LJl kjxli 

y»j ojLjaJI LUaj j.dxjo Jy, 4 xj> ;> ^jJjJI »yjlj jjui ^li . BjUi 

»l i ijiyjl oLn yyjl . pjLull dsxJ Liyj Bjl^JI ixy* yJLy ilyui 
Ul ■ 50 cm y lyJl y-£l jy*) y £y»>Jl J* . 1 cm ojLail ilxJ .«pyi*J! • 
k- k*» H iLlj Jx dj^Lc yyjJ , 5 cm Jl f^axH J-a^ jl jSUy y**Ji <*»J jp 
j*Mj y!j^_)l ^hu^JI jl djLjaII 4 *aj 60 kg *it£ jiLJ (30 kg) jy*ll 

. yjBJUJl y jjLJl yU jjjljll By)I <_ju*>I 20 ni/a yj BjLJI le^ >\ji* 


> « «. ! ^Ljw iiyll ByJl k-yU yl 6-1 Jill) y ll^lj : jitu« lMjuJ 

iji 6-1 Jtdil LoJ ijs . L^_J^> BjU-Jl kjjyi ^yill iiLJl y* L St 
0 * **■! ^ oSyJl y IJuw dij jiLJl ul. ( 1.5 cm) jj*> kLxJ BjUJi 

cjjj jiLJI ^—L> kj-jy* f-d k>J k yi^Jl LT^k)l jl BjUill dauy f\aijt 

5Lk«ll oULJb yyydb . Ojl^JI i)L> y <U yj>d\ >j JUJIjj t j-ail oLu J^L> 
: ^1 SjUdi dx«j yui ^Ikiji ill> y jxL» 6-1 Jlill o/ijlw y 


t = tt— = 0.0006 s 
10m/8 

; Ujji <kny« By L-ii k u ljj» ! 6 ms J^L* uHy* yl u>^ y<xll yl ijl 
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( jixfcJI Jw>uJl <UaS’ ) u^jLJI Jjill 


- = 0-( 301tg)(20 m/») 
0.0006 s 


= 1.0 x 10 fl N 
t & 11 6* ijiH w* 


0.56 m 
lOm/s 


= 0.056 s 




; UL»Jl »jjb ^3 oja-i^ill tyJl jjiuj 

p _ 0 ; (30k|X20m/e)__ l lxl04N 
0.56 a 


i>L-u i _ j JLp JuP jSJj 4 3j^S cJjL* 4 life 1.25 jjLJ) i 5^01 
'»$_) ^JJI iyil\ J5U* U^uU jjSu- tr* 4 ^ 1 


. ‘Ill c**J 15 ft ijjj jIp t-** 1 * 4 



w 


«*■* 0^ 

M 


: 6-5 JJL1 

»>*Jl y-* jts—«>Jl fit >* \ | Uiift 
UUlki y—t »>>J| »jtt Ujfi ( i ) 
^ >-iVl j—1 t ijijti Ijill 
j-t U . abJV! j I4J iJUij jlAJ 
^ .La jil—i. (*) >>» 
j-t 6_ijii ji gjli't ■■.! liU 1 

(—*) y-* fj—^ J** 
t (i 


jJaiJI J^>jJI 4-w 5 frlL j^ilS 6-3 

j_i pJLJl Ixfr pU J^j jlj <iU»)l ji ^LiJI J^*JI ji U^lj 

. JJlu *1^ jjjtiJ ( va>j ^jiwJI i**£ j< & OuU Oj-j . 
j±> & UjSL> xj jUa_L>Jl jljut. 16-5 Ji-ll'-i jaJsjijll j „u .,. >J l ^jLs 3 
jj■ j ■■>!! ji £yi> jjjli (> plw j->jj . oHJ*i j**-** J 1 y 0 i£j* J 1 
. fUo'il ^ jjjjUuU Lf&U jljill ji (jjljjLli jaSjL ^1 jit L»ti>! jljJji 

*-*£ 6-5 J_LiJI jJ j-uSl Jj_>v i-t*S j V 1 -*^ u^ 1 
jlj>w . <*aS irtao ULw ^UJI jjJli ji . (6-3) Ujl*ll <> . ^LulJ 

J* »j«jl jl 

^ sm iv r m, v , 0 = A P j 



j-i lh #** Ct—H ^ J* 

Jo—aV ■ ^O* Jjp Vliiol 

ji I—u j j t i . rt'ul l tjuu 

. UliU U-uJ ^ i lilU ,>j 
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; b*il I ‘ 

FV = m 2 v y -m 2 v 20 =Ap 2 


^ yjl ijtfll ok tfljUl jSIS ji * 4 * 1 . 311 V® 

: j^>J OjiljUll pun . l5j3-S*I g UL»| 

(Fi +F 2 )(0 = (m 1 v 1/ -wi 1 v 1(> )+(m il v iir m 2 v 29 ) (6-5) 

= Ap, + Ap 2 = Ap tot 

: ^LS f m 4*131 dy>Jl wS J/i 
P tat S P.+P 2 

y ImLB) juai ^ Fj JkJI ijj JJU , JuJl Sji jf * F, o* J 
: <*j • '> (6-5) fctul) jJ» J>JI ^ dig I F, = —F a *1] . oUrfl 
^■0 


ixJi 60) HjA J 6^ flUl J^JI ^ ill yjUIi ok >. 

Ap, = -Ap 2 



NUi)IJJ(l) 



M-JJUU,(y) 


dJj j*i>dj l*itf jlrti UuSIl ju jeiLJi ^ J»Ji ik ^ jSJi ^ 

0» J* J iW' flfaill : ^ US Jjjill fUiiJL s-u U J/ ImIi 
6 * (fM ji) «^* 1 I ok Jk . i> g,uji > y* SjSjii jyJi su*. 
Sj 1 — 4 OJ-^' PP J ^ ‘ l* M >Jt ^ fLtVl j>! g) 13] pL*il 

dJ3i c^jj. J >1 ^ ^ y o,Uj jikii j y 

J j-* • Uto jLJl tfjL« J£ f L*Sl ^ yui d_^l y >BII Jli 
M U-vJi ji<} I flfc ji Jc jfUi oljljSeVl 
■ >Ls J k»jiij*ii 


QA . JiiB Jj> f IM iilSIl >JJI JjjJI i*S 

jj lijiy toll Jfc, Ojilill li. t» v S-ljjRj >11 flWt A fl 11! » 
HM' >e oJLfJI >ji „ J*. tfjW fjU * . Vij . i^S olU 
.. • J 'I'J ijU) rfjMCHO^llfUOl Jj^jll 

C^uZ jik 'j*- 35 >' W>JI w» >■ li>S'l > iH=jW Iff />' >1 Jjill yjSi 

jilk ,*1 f iiaja4>>^ tfjMirfHWj>PJ*V“*^< 0 ®U»i»j 

*5^x> £ j*) i. >« ^ ^ ^ «• ^ ^. ** ^ 

da-^J»k ^ ^ ^ f»» o' > ,iA r^wi iui ^ ^ui *. ^ f iui 

.iliSCudiS^Jiyii 
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(dy>JJI iaii ) yoUl JrfJUl 


Lf>Cu dy*lll ^*5 jl ySjjj yi <u*£ *li# jjJli y*jlu dfi 

LaLoI X jk. >>*ll oL»ul Lij>l Ijl . 6-6 J S' - il l JJ ; d_l j v«aI ^ijyJj 
• Bjj-eJl JL {16-6 J£i) pjLuJl ijlSJl OaS y£*j V l*»j» 
^jLajJl Ji d J> 2 l\ L*£- m l v 10 -m 2 

= (2 kg)(6 ra/s) + (3 kg)(-4m/s) 

= 12-12 = 0 

ji yj piyJL) . * I7JLJI 1 ji \20 jl j] '^^*' V 20 
. yjLO pLUJ dj_><iH ylj pjLsuJl Jjj JyAU U»S <J yl£ yi*..i * »H y« 

<Lm 6 yi OyjJL OtlyJ 4-ijyki ay LAjL1>I C lj> Lol> <Jl> ^dJli OJA 

dj_>aJl Oii lf_>3 j£j ^ijl LoUJI SJUJl OJA ylj dJj £0J . <U*S d^Aall 
, yjA>l OJJalo f\y jj 1 jTi»ai Ifj IjLa 
dy_>u 4 yjl ^h^ll d jJl 4 ja£ *lij jyli Lyf>\^ ? pjLolJl JAf *i*J>^ Ijlo 
Jjy dy-A-i)' 4_**S jJ$J yl Jj^l i olcj , pjLull iAuIi J*IZ> *$ plLJl IjA 

JidL* 4 iLjtll Jj^lJ y£*j dJj olu^j ; 4Jl*JI OJA ji IjLa pjLadl 

L*aS yiJj v 0 kg.m/s ya« — »iJl y -0 J-S dj_*J 0*5 yljJL yi Jb->^ . wt6-6 
iJLJl ISJl J*L*JI jl>[ xdllJL li« . *>S(J aJL) ^j«,.i>1< j>S '<x>y dj>ill 
J^k!I t-a li» y'i Ijj La J»LU yi y>Jl Uli d)j aoj . 4J»ji*j JjaJi 4j*£ jH 

<jl—u j*>yi 

U> L yuJ v 6 6 JJLUI gjjll JaJI 01 old J+Jl y* 

OLalL ( yLUl ) d-LJl yA 4_«1»» J*a>j y j «... > .il J>i (^1 yo^ <1 mj Li»L> 

yu__i»Jl yLi ■L-iflb 4 _>jJj L>jJ dDI ylS lj] . pjLull 4^3 OjJlXJ yjJl i^uIaJI 
? Lo L^UlJl JJV yL—Ijfjl djuj yi yi*i LL . |*jLouJl jAJ Lm yL-olL 
yi . <JUJl OJA kili OJ^Ij LL>| dllft d^Aoil 4jjj »IL yLLJ LLk 

pjLadl J—HJ 1ylL» Jku yl > l>) \yjua t5jLj pjLxJl f !£jl dy>0 4f*5 

yl^ OJ_>lj 0Jt>^5 y> Ufjli La y^Il IS-aiJl j 5 y j * “ ». * » 11 y* jiJj 

yLj I jLo yi*~C»JJ LulfjJl 4 Ay_Jl yiu pi Ijjj . obfj'jll y*iU jj LAljAyA y^Sj 

dyAoJl J-Ubb t ljU yjjli llh~»j LS \jLa y^Sj yl ySiAA *il pjLaill Jwj dyAuil 4 a*£ 
Lilfj yLij^Uj Lju ylL a llj L^jll *JL»Jl OJA ^ y j «. *>d pjLw JjA t yjj 
ULJl OJA yujLnlll y.t.jvll <5y> OU» MJ jll3J . *^/»Jl j 6 

oil? OjW» jj OJjjuLlI cSy>Jl iiU# y -0 ^^*111 yfL j l!u> ; pJLilli *lijl 

dLJI <aJmJ <Jjly> 

*LjLj j_k»Jl djAuJl >Uki ‘LL If Ilia liyj r-k V 6 _ 6 Jiljl ^ yifll uiji I 

Lil^i dUL J-tj yi JJjy-dl j-o yj Lj>j iSy>Jl iSliaj , iSLkll 

4JSJI idjjdl LJUo Jijj vijyAy iiy>Jl olio l^l] Jy*li yi ySL oLLJl y» jyoli 
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(^jLDI <u*S ) jjjUl JrfOJl 


jl ") JJjjj . ^_L>Jl ■Uii jj Lis li>lj L cy JU» j£lj . lty>j 
jJf Lib 3 -jLL jjJmJI J^ajJI <—m 5 ili* jlj IL-i*j . ^^>1 JJ 

. <£pJl iilL jfi JJj Jyj jl j£*j 'll UiSJj i il^\jul Lv'jl 


: 6-2 JL* 

10.0 m/s Ojjs 3.00 x 10 4 kg ^‘l‘*> <U>Li ^>jLu Jlu 6-7 J5u£Jl 

IiLs , 25.0 m/s IajILL ic^-u jLall jl*^l ji J j*z 1200 kg l^iiis ij,L_ u 

s'jfJl (_51 L$M • pjLaill jbjL-Jl kliLalll 


i JttiajJk JV Jltfl 
T J5yi li* ^ ^ILuJI j^Suy ^ : Jlj* 
ijL__Jlj jjjDl jxt jyJl JUa] jSL iLUl cS j Utll ILL ; 4 jI>^’I 

jjL_J! iii'ju jAu . ^LcuU Osuj jyU 4 jmJJL <i>Li!U j^LII 
. Loll I «Uui Jijju plJjuS ij>lii!j 

V jtjLxJl jic Ji L ii jjJl ijai! y U : JIjh 
O j>JI O’L ^1 jj £IjjLil j ^* 1 j! j£Jj . ^kWl JjjJl 4u£ ‘IL j^ili ! 4 jI>)|I 
J»>jj Jji I ill I I Lb Jjj jS 3 LLai 

p jijLxJI Jj3 ^LUI <ai5 AjoS L ; J)jn» 

i (jl jlxi i <x>LiJI jl^Jl jl : obk^ll 
(Pi ) hm ± = (3.00 X 10 4 kg)(+10.0 m/s) = +3.00 x 105 kgm/s 
(Pi ),, Jir = (1 20 x 10 3 kg)(-25.0 m/s) - -3.00 x 10 4 kgm/s 
= -0.300x105 kgm/s 

: ji! 

(P f ) M = +2.70 x 10* kgm/s 

l j' ^jLalJl Jju ^ykiJl JyfciJl <J*£ iljLu Li | Jl 



L jh L J iLjiu J>uJi Vi 

u» i j^ . iLjia-« ji <SjaJl ikL ji j* 
T ^ijyiiSjjJiiiL j-^Vl s>J 





^UUIJ»j(y) 
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(jkiJI JjxiJl iuS) ^jUI jrfill 


Lt^jl j|j 4*bt t ^jLjuJI iA! Lu LiueOJl jj ii>Li)lj 5j(*JI . 


: jjj i U^ub 5 ^jLu ■uifL'i ji l!u_»j , vy 

(P, >*, = (3.00 x 10 4 kg + 12.0 x 103 kg)v ; = (3.12 x 10 4 kg)v, 

V Jj*iJl Uti *Lu jy IS JjuLL Lfjk yJl UjUil L| ; J!_y 
(3.12 x 10 4 kg)v, = +2.70 x 10* kgm/s : ol*?l 


WwU 1 S 


2.70x 10 6 kgm/s 
Vf ‘ 3.12xl0 4 kg 






18 . 6 a m/s 


ti* ji .^juaUI j, . oL>Ol ^ J Jyi |ilk>Jl ji Jut + 5^Lt*jfl 
ly-a>Ui v**-** t-iy-» 'Lll£i>'5ll liy j£Jj i SjJlu ^jLuJI jj u UjJl jlji* JI*; 


L»aU>! * » u>Lill^ OjLJl ji Liui j5iii . jjUl JI ^lk>Jl ji JI 

j! Ji &Jl jli ll>LiJl j* jiJi SjLJl iltf jl . oyjl jjbi I 

u>Ul <!l> ji Lu ji£ I ■-. 
U*VI u>Ulj jjLJl j* J£ +u5 y ji>ji : jjjjM 


tJ* nr = +4.04 x 10 4 kg m/s, AP (ftia = -4.04 x 10 4 kg m/s 


: 6-3JIA* 

) . 5 yi 4 * iLjUj jpUul Jjy UixJl lui^L jjya i 6-8 JSLUl Jl 4 i 
( jJuJl Cuiui IjJ y-jL—a! 5 j_y.li y iu>LsjJI Jjj ji 
^ J| tr-A-il ^ 1> uijaill ‘j*JI £jU jjjUl jLyul y, LytiJl 


; 6-8J^ i^UloljUl 

j jL-uij ‘ —I’lL) ji ,j*Lu)l iljaj 4 a*J 


jjU, J jtf ^ ifij* V y oJlS, t i*bjJl ttS in I ^ 0-11 M oil* Ijli. , 


. ^aJil jljjjl U r +>ji i ItfUjII 


















( ^JmJI ‘>wi) Lh'jUl J«m1) 


i ^yilaJU JV bUul - 

? Jj^u DjLiil j£*il ji'JlJi w» La : 

. jyJI ^ Jj*a* <ji j* Hjj** t^JuJil : £jI>jII 

SjiJl j4 \jui> jd J^'Jl jlkij'i Ovoli ijJjlll Jjijl j^Su ^J-iil j}U»j *k>J ji 

&>dl tit jlIp jIjJj^'I jl>vJ y» w«JLUl<j . plkiJl ^ir j^I< L +j yy yJI 
V jUJu^l ilwl ifeyL^dl LILuaJI -uAJl ^a L ; Jlj-j 
ljjj-| jLjKAj'il jl j_4 fcCjJL . jL>Jl djjdl -Uii *lL jjjlj lilft jjijuw ijl>)|l 
UU> ikyuxa liilj jfii jl ol>o jixiJI djAuJl <U*S jl dJi . i£j> Olt jl> JJ 

jy r^ 1 J* yy r* 

'■ wijjill j^i)l Jjj r UuJI JjAj LtS ItJ i : Jlj* 

. jjSL. SJl> ^ j*Lbj]Ij j-x- 11 jS . jLa : 
f i'fil+t j'iU^II k^*S iJjlw U ; Jlj«i 

= +mv v 

V i jk>Jl d^>jJl CaS i'JL j^ilS jj uti . i l Ckuli J-a>j Ujlw jl jlf ! JI^J 
: jl jl>u doajj j!L)’l Jjj ^LaJI dj>il! jxt»S oIjLa; : 

Mv# + mv hf = 0 

: jIjJjI ipj- jl xjO <JjU1I Ja^ > 

v-i'« 

4_Ld cjjlj Liii . LbLj^I oL>j'j jLm sLaOI jl j^j cJU' SjLiV’ 

. »jIjJjI It j* jlaiu Ji Ltf ^j-ll 
j_» 7 g lfd5 - S-pIp ) l*i}0>l ait 2 kg Liiu jIjJjI le^ jIjL L jjju 
. 1.75 m/s : . ? 500 m/s 2 Ujldu itj-u i*yli 


4jjll 4jjll oLojLsuJI 6-4 

j» , 1 ,11 j If...^.ll ^jLaj jit . )lltt . I JjLjLjJ ji <^J>JI olb jiii 

jv-o ^iuu JJ L^Sj> olb J>>aij ^jLsllI jjv jliS-u Lfjji _»6-fi JdilL 
Lfj5j> iili> j_« ‘j_> jiiLj j^jjLu-. |»jLaj jio JilL^j, ^jLaiJi jit j^Sl oUJl 
iJLb «‘Uul jJUj ^)L«su ji ■ j"jl<-dl j* ‘UJI 

, jjil jjj- ^jLwJI^ tf>>Ji 

. a£ jaJI *i\L 01> jJu 3 j.jLu y> j^ll ^ ^jWI 
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( <LwS ) J^mJI 



; iJUJI ojuk *L«i LjiJ ot]> jjuO If *jum i-ol* c/Sl> y 

. ( iJjjll pb ji ) Ulw uj» fjLuI' O' ^ • * s *> xil <511*1 ■“* ^ ^ 

oji Jj5 . \!u/j iJ^ll ft ^jLj t jjjUMI oIjSS t 5 jlLsJ! oljfll o* p^LaSJli 
» tf^JI ulL J) .ii ^1 W ^ OjjJl 0; J ob^l fjloi 

UU> ij j* oUjLu L^ili liJj 

a5jj>%JI otl» o>£ p ^ ^jLoSJI 


: 6-4 JU* 


30 cm/s Uyi Uj-» &JI JJ Jj-kC 40 g »/ 6-9 J^ 1 S**t 

OLS lij . 80 g IfJtf itfU £* ( l>L- ) lirfl- l*U UjUJj 

jl«>il4*» "oisb ^J-0) V pjL-tuJl J*j o« JJ «J- t* ‘ fl3 

( ^iLU« hJ* ji lfJ£ iiyJl ji « ^ii-a » 


VipO 



: 6-0 Jii 

jLj V '• 4 ■■*■' fj»"‘ --^ ^jL-aill jli I j] 

i_u j_jjjSHjp>-U* ui. iij>*jl 

? fJLadl 


i jjZSaJU J V JLukI 

? « ijjji) » ^ILaU l* ; Jl^-i 

jbtji>a oltj OiSjOl 0* 0j^' **»* O' j"* '^ : 

. ^jLull «LUi 

? ^jLuJI J*S J^ill i*j U : Jlj* 

1JSJI ilV^O* d • W*** 3 ^ 03^ ^ 2 ^ : 

: 1 ijfll IjiU'il V* tijLJ f UMU 
(PJ t -m,v 1( . »( 0.040 kg)(0.30 m/s) = 0.012 kg m/s 


(ijJ oi Uii*i 6-9 JiAll Jl ■ VW|H 7 JiJI JJJI j*8* »*¥»■ 
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( jk>JI J<Mi ) ^jUI J«m)I 

• ( 6^1 J! - lJSj\) j*»JI J1 li* »L>J l 

? pjLuJI ±AJ iL>ul! •Uai 4 JjIaj It : 

; jjj ; ijJlfJJI p^IU j*fif uiyJI JLuuwlj : Ol^VI 
(PtotV * ^°' 40 k s )v i/ + w° ft0 k ^) v -it 


v . oljLi^il a JM ji ^l*j .JuS ; 

0 * 1 1 J>ll jj w W*i ^ u^l y> Ji fW 1 UiJ W 
• j-w^ J! o*!jSJI ji o 0 j& ti* d>l k , 4 >j* ijU! ilji*li 

. jL*)l JI Siy jl J] !S>Jl y ikLS ■»* 1 ijill J! 

? %ii jl3i>^ l* l*A yi^U ji fU) j* ^Jai-J 
Ijlj i !_>*>*> Ujl^ii-l o^Sj Vy IUj-JU <-^>y i-*ji lj| : 

, jL-Jl JJ i jLoll sL>j , !ll jJ j 15j_£ll ji Jiki Ij* jb <f!L o);5 
Liji j_» . ^-ju>j 1< oL^U Ujl<3>l j^ j—tuJl <JjA> i yil U(j- 

i_JL JJLP J* 

? y*iJI d^JI »lif o» t+Ji J«a» 0 yJI <JjU 1I L : Jlj-i 
: ji o*J l^uj (PJi * (P tat )f : 

0.012 kg m/s = (0.040 kg)( Vy - 2vy) 


Lull y L . utt <JjLu J< i*L> y j>0 c &aJ ji . J'y 

‘ aijih* jiill 

4_Sj>)l UUj ji j-Iju dJjj ( Lij^ll »LJ yLsuJl jl <lL>II jAi Ujjij ! 4jL>jfl 
; ji Jy)! o&u jjl . liyxi 


i (0.40 kg)(0.30 m/s)" + 0 = i (0.040 kg)(v^ ) 2 + J (0.080 kg) (v y ) 2 
0,090 m 2 /s 2 = 2w^ +u^ 


UjUu j_» "iji Vy U'iju Vy jL^L j«ljl«l( jjjU J> j£*i ! J^. 1, 

: aJjUII jj liiw otj>yi . J^ill 04 S 

v v = 0.30 - 2 v.y 

: C^jkJ' p.yi) 

Vy =0.090 - 1.2t>y +4u l f 

; oll> i)jlw y ai» jt jfy 
2v\ f + (0.000 - 1.2 Uy + 4i > 2 2f ) = 0.090 
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( jk>OI >U(5 ) ^ijUI 



— n - 

»u'0 

.;LAJIJj(l) 


i^wLo|>jLaJI juuiwj 



D 


£*>• ^ <•>): 6-10 Ji i> 
0- JUSM *■(-*) 


: JLc J-uo 

6 iiy - 1.2 v v =■ 0 

. Vy = 0.20 m/s j - 0 L* j^L> -*—' UjUIi oia 

: jl jl>o aJjU* ji j^ju^ill 

^--MOm/s ) Vy * 0.30 m/s 
J-*j* 1 - 1 1 »/*' O' = 0.30ffl/siu^aO) ot#l*jll t> Jj*JI gjjJt 

4_idJ» L_Am?Uj j-i-u J_> lj_A iaUl 2 »/Jl Ujiktl jy .ll Jl 

JJ ±jy 1 oi Of*^ ' y*) • lW 1*1 tyitfjjj 

Jj u— fc i j 2 3j_l]l Li I 0.10 IH/.S UjljLt JL»l3l JJ jJjAJUj ^jLojiil Jjy ^fclajl 
. 0.20 m/s UjJ <rj*t jW 1 J] j 
LfJ ^i*l "llj-L> i'i'jLul Lj-il l i il n a i ^lll ilVil j« I ju£ JjLu ■ 

*->^i I <~>lj* f>ii O' J'j->^' »« j U-+* 

JjUj j_L> j_>i ^*Su oi i }ti*», J^jOu jj** LfJ jii' Jy»Jl jli»JJ 
Jjjjli j^Ltj jl J—>JI ji luiijjiil j 3 liS Ijj , UL jilli jiy» j<y Lucuy 
i jlLjjji Lf JkM <J kJLJI j<yi jl ^lyi j* j^ t = 0 <k>JOI y j 
. ijiijj ^ *awJi p i j<_yu v^yi j*»'i j^Oj 
jVjLjy ; Jl>Vl V m ibSJI jbjSJI oilS IjJ L : ^ju 


: 6-5JU 

ji jl« 2.00 kg 4 jLLi 5 yj'j ^ j*£ <(Sj^ 10 g kffcS li»L>j ciiki 

£*jb .jLjIJi hui . (6-10 Jii ) *1 >Ijj Ij <ui^I>'j JuJl j* Jxu Jgu> 
4_*4L£j)I jlji> U . ji^^l (^*y jy 30 cm ojjS ^iJjl JJ <_JjUI 

, ( jiiSl JjJuuJl J*~u 'j* ) V pjLai'l JJ 

■ ^SU'ia JV tl,,,! 

? Jjyi li» UjyLxi <5_pJl ollj Jj» : Jiy 
jl »Lm« kJLii j iL^uyi jLmJi jS' bty^vj ^ j . i^ji j«jui j_sj i bi>yi 

jji Jit pjldull 

v SJijjL>v» Jj*iJl Ut5 Jj» : Jiy 

jiLUi ji ^-iiyi j*j, ibb JjAjJi 4 j*sj 'j'jjjLi pl^uJi jis ijj : ol>yi 
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( jiwJI ) ^»jUl J*i)l 


Ij_ a jl (> pijJl* ) fjltflll <k»J ^ ^i aJI v-Jlill £« L»Lb Jl a 'a* ujjjJl 

jLi luiJl ji iiJlj ■uif 4#jt*JI 6$ J>>j VH f&Jl 

; L/J 4 _li»J ji ^ LJ-J *j* ■ |*jL-owJl <Ji»J ji LJ, l 5 j^ J j* 

. ( -Jj>wJl ‘Lui j i£j 'ij i JjJuJI ^>jl 3 ‘bJI 
f jk>JI L«S ^ jjJli ,> I44U J-mo iljl*]l Lo : Jl)- 
M yJUJi di£j in <*eLoJ\ 4 -lii jl 4JL—JLI »j_A J—>J : Ll>}h 

: ji jjfj jb*JI J^l 
mu,, +0 = (m+M)V 

£_* iu»LjjJl ) V ; jkjLuJl JJ *-eL»jJI Xe j-r jtjii u,, 

jl lx>^ . fjLull jm ( uJlxll 
V jiie^Jb Lujt wLi : Jljw 

lit jjl . LyjbfJl iyi ^jLtull ±ju f Lyi jit- bjJjll oj^>yi oyJI : Ll>)’l 
Lilt Jy>Z t LJL>JI oi» j W n€t = 0 j ATE - 0 du» 1 iilUlj JilJI LJail 
. jLil Li jut GPF, Jl #ylL* ^jLuJI -i*j uJlill L f->~»ii; ^iJI iSj>Ji 
? oLUlj JiJJl Lj^ 1 i> *JjL 1 I L» : Jlj-t 

1 (m.+W)V 2 -(m + M)^ : i&p 

, V «A 0»l« J^_>u ^ic i£y*S DjUII ojuB ji k>V 

: ijxtSl <JjUuI i> V x>y : J>)l 

V = (2gh) m * [2(9.8 m/tf)(0.30 m)l“ = 2.4 m/K 
u, ( J* J-a>J J^iJl L *5 <JjL* iwiJl iXfj V jp 
„ B (2.000+0.010 kg X2.4kg) _ 4 g Q |M / S 


: 6-6 JLu 

iXJk jij . V LjiPj—* jl-iatj m U-JW JS oUa-akJl j* L)> ILjJ jl yji/M 

/1-uJf ji jxuulj 1 16-11 Ji-Jb ji*» ** jLo jbl^y L iJy,fi ^jlxAi o’o«-*»jl 

L*j>Jl (j_» *-a5[il Jill ,j uirLu^l jjp ji lli^i i>jLI ■ oLjLii 

Li'iju LiLaj jiLUl jJ^ j^Jli 3 j3 —9 ^ljia-.b . A Lj>JI LL l>La jij n 
. jIjjjJI ^1p Lj>JI ajjk Lfj yji ^1 ik-Uil »j*U Ijw^j 1 ^r»^l 


1 


: JHax* JV.LuJ 

. Ljjll {jLaZ J f^JI J>* jl^J 1 J& ^J 1 Lp 
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( jkxll J'_pOJI <u*S) jjjLJI Jjiill 



jjilil Wit s ji.i~i.aJ I <Juim JjL yyt jl xfl ii* ^iiAao ^SJj 

j_J o.'Liuj jljJUl j_3 ijjiLu o»L j,li>Jl pj_oJi >Jjj jl ju'i w Julllll jij*i 

JJ_C Jjl—j t jxxi j-*J jIJl^JI jl* Sjijll 5y)l jli jj j*j . «lau)|l 
. - 1 >! Jl ^jLuJl JjAlll 4_oi ^uull Ajjjoxi Ia» OjLaJl CilijLuil 

? li* « ijjjl' fl3 » jj*4 U : Jlj* 

ji Jj-xii ^ jl Ljj . *51 KE <-£j>Jl *5L1» jl ^iiu li* ; Ol>Vl 

Oij> oLL jjLi ( cjIij a >11 a 1’i^i <jjUlU LLl 'JL <jJjti jS ) 
i>j » L*xvj oUul»JI <5j> Silt 4al5Jl iS»»JI oUs jl JJj Juu . jLall JjLi 
sJ-LxJI jj 4_ijj jl J-i *1 4jli I! Ljkjlili jlx>Jl |M. i>ll i_/j«aJ laillli 
^u«>JI <5j> olb jl JJjj i < 4 >Ju <i*S ICE jl . ipj-Jl jJu; 

. ^Lcull JJ Lj-Ju ^ jk; pjLaill Jju 
p l»jLajJI ‘liil ^4~<> ^1 wj>J Cui ^3 joajJI <joJ li i j.'J • Jljw 

juuj +mv ^jLuli JJ ji 44*5 ji y 6 -ll Jiill j_* r~a\) : <ul»VI 
• jjS u ( <UaS <JI jSju ) Jj>JI u»£ ^ ^lAill . -ul*j . -mv ^Lull 
Ap = P ; - P u = (-mv) - (+mv) = 2mv 

| j_lj . Jl »l!l Ilk il>Jl (jrfL Uk JjJI <U*5 jjju) 4 ii ill I iji!l &Lxil ji J!,i£ j£jj 

jJLc Sjj^il SyJl »bhJl pj j4« . Ap «l*jl j^u JJjjj 1 s_JL Ap <JL>JI ej_» 

kW 1 J! jIj^i J* f**^ 1 y'n ufij ‘ jM J! ‘ i*-^ 1 

V < 410)1 ^j} iiiA >0 jjJl oLijLdill J4P Li ' Jljw 

Lj—!^L» ijljja—li ij^'^ll oil! .J»ll ji Li) y.A'i r ifi-11 JJJl j* : 

. AL = Avt y* <JI_jk-/Sl ajub |»_jv> . t j*j)l jIjl»JI |>jLjuI L-Vt 
Jjl_> ^jjl kliLajLduJl J4P jl} i 4 _m£j jll Jil olo 4 oL>JI JJ> V# /l jl vli4>J 

N = nAL = riAut 


N/l = nAi 1 j^j <4iUl oUjLjuJ' j j* jli <J#j 









(>iJl 


jUu)i> F W'J* F 



:6-12 Jii 
• ft“* <?L if f 



< 3 JLiil j_» 4_jdj £ j >—«a)I 

A_Jk jl j-JL )1 _X </>£■ *& iiillUl 

IX_A d j—xu < ui . * yj (diit) 

<ilj_aLji 4**S jjUj uiiiJl y» CijUJl 

. fltfl yS lU»»)l dji* yjll 


: )* J* ^ yy SyUI Jfc-yj jlji*. jjj: 4.^iuii (>01 
F = ±(2nw){nAv) = 2mu l nA 

: (F) JmJJIv 4>UI iJ>y tyL'l hjyC 

4 = Wn = 4(KE)n 
A 

J—oiJl 1 j_*j Uj J«« j -» ' ) Ixa , x>iyi iiijj. iilL KE i±u> 

illj jl. 1 * jiff Ifj till 1 iwuxU Jjjjuu jliuil p OjSiJl oi» ^ 1 j^UJI 


^jJIj 6-5 

ji 'll) l Lu—O 4_JjjL> i'yj. >i iJUjJl oLfUXxJU ji .liilU Li jl pijJll 
6-12 JUt* ^jjuli piu *jj jilk) jLJ <ji Jj . lib I 4 J it- ix*< 114 L jlS jfyu 
jj&il jUoJl ^ijuti ^LDl li* p^ , uk 4 j*$ *!L (jjJli jikii uLl 

4_ud sLxjl . Jj_>L.I ^_il>JI *jx>JI jj <Xj_y <li! p 
<fyi\ jli i jLj vU) i^iljo^l Jj>dJi iyS ji dix>j . uiiiJl JJ jliJl 

^jLxi Jj-aJ 4 , uV i tLu'il ji ( ji ) jSl l£>>ai jl Ji/'ll 

. obo'll p UjLmj jIjaII p £jl>JI jliyJl Jpd *#6 
4_>jju ijySuj J_jjyi 4 jjJl»JI iJliill ol5j>Jlj ^J)ii J£ p) 

lx> LJb tfpddl LjLJl olL^JI d!» i lx> <1>L oljU JU 
olj 4-^jljSJ i-iJjL LiLtJjl oL-sLsjJl j* jL Jl» Jj*Jl ipy |> 
La]I jlj 1 44 U 11 II 4_ol—0jll iL>Jl ydf ^ xjjj 4_i) ' Jl jl LSt 1JL> 
olli> J i*>3 J1LJI jUIUS^J j-SUll »t*rtl p l^i tf&y 451*^1 ijiUJlj 
4_uvS jl 0-»X fjjLflll jlj (_jl>Jl JJ L^aLuI J w*d 4xtS Oj_dil xi jlill 

: -UiiOsj Jj>dJI pi (^USl JJ) yj5Ui ol>j"lli p 4^jLa 
4_>^j J>lj jl jlijJl ^jjJl 4 jJ»JI jJ ^jJl Ij+J jjjJl j;UJ 
j jlil Uxb j5Jj . LLl ull»«H JJ iujxli jlLw / i> > w •u>Ul ojUJI oLj^JI 
^LiSl •Lkj'il p ip oljyj^Jl jj* Ji^J ( Jj«JI Jjj J*iJl j^l5 ) dJUJl jj_jAJ 
J_>b jUx>J jbyui jUU . ^l*Sl JJ JL 4*iij ‘ d^pJI p^ 

jl £+eyi ji 5y tjl Li bill 4 i j i n il ps> yy 'ilj 1 cJi dj>JI 

jj *-li LxaJIj L>LJI oljUJI j ±j JjLuII J_mJJ 4_>jL ^-jJi H LuLJi 
^►jL>JI iLJLII ^ o'ilb j-«>i p jpj jpjjU 1 ‘Iji jl <uxi>Jlj , j>jliJl 
4_S^> JyXi dL5a>l iLlj p ubu ‘1^4-11 jl Jj . ‘I^^J ^ 

^ p 0*3 ‘ 
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( jkiJI <U*5 ) ^hjUI JauJI 


: 6-7 JH. 

l*)T ojj> cwlS Ij] . 6-3 JlUJ JUII Ja^aaJI ,y 5j_^SjJLl ijjJJl J] 

LJaiJl ^_k S^Jjll ij_ilwjii jte i LJlill ^3 Ci'iL 10 j^L[ l f ■<■ ■ 

. 5jl>Ij 

: 14 JVit lull 

V «ji» jUljUl syi yu*«4 jjJl U : Jljw 
OfoUJI ^5yJI jjb o>J <JSjaJI 3j^-iL« 4SUu* oLtfL»^)l fjLui ; <LL^II 
jJp j! v i >ij oLd^Ltf^l jli dJUJl Jjuj jjjiil lLi >j . jjjUII jLvJLii jf 

. jLaJ^I j ajLcwj jluill j LiLu ijL 4>i iiJl Ja 

V oLsUjJl ie^wj 3*ill ai» ju U : Jt yj 
<>jJl ^ ijjjll iyi\ k ~yj jl 6-4 DjUJI Jaw ; 

' oLaLujJI Jj>j <a*5 ji j^iuJi ^jL; 

* =A »w 

f 4j^L> 3yJI b~>yt i5Jil 

v i .i>K* Ij_b , 1 s «j> v aJLJI jjJ UaL v wamiUII jaJJI ; 

. (0.007 kg)(500 ms) = 3.5 kg m/s l*,J Jpj L*i ijJuJl j* LeL>j J_$ 
. 35 kg m/s (jjLo <wIa ji oL»Lp^I ^UJl ^wull ji ^^juu Iaa 

: jA CtU*J\ jle Syjll 3yJl L-iya jl Jaw lu jmlw ! iLkjLU)'} J>Jl 

7.9 ib jl P = ^*L.®Mi!^ i3 5N 
3 t Is 

. jljJj'lli iUil ji iCuiill sj^J LjLbi ii3 ij ill jLt jy^II s^dl Lw<I< j^lLi 

J_Sjj v Ijiwll IjL^J Liiiln J-uu IjUillj >Li>jjL>JI *LiI£jAsaJI jti Ujl & l*£j 
DJjJUltl oLaLaJI J_J )Ixj Ij_* <LJLt oU jtU \L*Jl vliili^> JjlLu oli JKjJl OAA 

^LaS Oj^ull vi/ljLill <JLU* j-i*t d)j jit »lw , lw~J Ja»w ulLll 

Lijji itj—u jlku ^jlil lis M #jJ jt'j j AM Sjjj JjS JjJUJ jlbuL* Jw»AA 
JiwA Cwlil* 0j^> jj ^liJl JJaaa Jjj'i Lll^ iiAi. li V„ ^jLJI *Sys 
: IjjIj <di5JI Jam j£u UaIc vJjJ' li^J 

Ap MM V ) AM 

F F gM g*» « __|My 

tJ ‘ turt M M M n 


-224 









( 



: k-13 jl: 



:&-14<Jti 

ji jb ui^ij jjoL,<4ii 

• 


. P = mv ; J^l <m 5 u^o $. Lilli! ^Lull L^U JLJI jjJl ^ ^u> 

fi-3 j>±ay JUj 

9jjJ JiJUJ ,> jp-LJI jUl Centaur rocket ^Lj JiL 
i 50,000 m/H UjIjL Ljw r^LJ! Jy; jUJI oli^j* oitf Ijli, 1300 kg/s 
■ ,rjp“* £jjUl »jJ>f jjJl £»il jIjL U» 

^Li oJU Lfjliiwl jiLJl ^ ^yllJl jjjjj ^lil lij, • 

' o£t ^jJi 

,\M 

^’thrutt" =! 1300 kg/s)(50,000 m/s) 

= 65 x 108 N 

■ ! JSJ7000 Jlj>y 

H fry i Ll#l5 Jjiyi jlyui Jaw ±**j jijIjJl oISj>j ^Lu p*ij 
in jpyi jijL^i ^. Siu_i j^ji r uu ji* ^ui 0 ji 
i>l JJil . jly^L fjjUU <,J£J| &£JI J a jjU Sj^ y ^LJI 

• C^ 1 °>P fr f^-PW >y <« j# J>* i*i| j,. lull £,jUi <1** jk; 

L#ll *kS ^ iyj Jlli 

jLju! JU J Jj>jJI 4o<i «& 6-6 

Wj* J! ; |S^» ol*Sl > U>tf i JyJl L«S J*L>o oiil & 

P MJll J*Ui 6-13 Jisll , sjwUJl oljlli>Vl ^ Iki jUi>i Jjy ojlvUiII 
^ tyu (IMl $|f 1% . JIUI J*~ Jfi Z t y . X oUUjKI y 4Jl^ jj 
^yt li» . 3a> jb ^ J* ^kiJI J^oll L*S *1L ^ 

0iO«Jl olj ilLil ^uljbu UJm^ ^kiJl J^JI i^*5 »l^ J 
iL» f loiiyl ^ $1 jyu-j . L55UJI jLvSl olj SILJI oljbu 

. oIjUI 


:6-8Jli4 

^ J! «« Jf> >-»> iJL J U1m M L^iliS Lui J 

j& (Ml 2) >tL^Jl UjS Juai J Ji>y i 6-14 JSLill ^ ^Ij j* USj . 

j>T ji_j i 0wL jMi'Sl aw X j^LL' v_i>yi v Q UjljJL» 
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J* . jiJ«J j j fiuu Jk j! jxJ *Uj 
I iiji >lsJ *ijiu! 

r jj» f jLo3 J Jaji, 


( jkiJI 0*\S ) yjjLJI 

. jiiS’l jjj 37“ Ujjj ojlj »-wvj oUji jj 2i>„ UjIjuu d M/3 <jJui 

M/6 LfiJiSj idUJl 4jua^! I Xtj-I jjli 

i (^oIslL* JVJuuiI 
If jljfJuVl *UJi jA jaJI tjfll U . Jlj* 
j^JLvJI Crlj <JLJl oi» 4-tjjd>» j'j i)^v*-» <liiiH jl 4?.u> | <Ul>VI 

. <liy->j dj*dl 4^*5 o'yijj j>< ")IS jl jjlA^ 'i* jl) 
V ol*>S'l J^>jJl 0*5 OjJ l» ; Jl^w 
y ) x j yu) : 

V jUij'il Jo Ju&j* o» JS oJ l> ; 

jj[ 4 idHJI oLiJl uui'y L» v ; i v, jl yijiiJ : ol>Vl 

Pi - v, + -y- v, + y2v 9 cob 37 5 

: J 

f, =f v , *y2v e sin37* 

V Li* d_*»uJl o*S ttiu j_y'i j* Uf J- JsA»j jUUl jdjUll L* U . Jl^w 
jxiiSjii j*3L* jl) \Jia ojl5 ieiljjj*5li d^>dl if*5 J si<i> . 

Liul I ju» JjLu 

: jiokiJC oS^JJ jju-aJU .iiiLUJljJxll 

V + 4v„ + 4^v,. cos37“*0 
o 2 J 

; ^Ja*3 SJjUII aj* . o^«i>l j) M jl i**-"!! 

V t [v r 2 ( 0 . 8 )vj 

T"|T + 3 | 

; y iii^JJ i.i... i ’ Lj 

fv v+ ^2v„ sin 37“ = 0 
v, =- 2 . 4 v 0 

v jljJuj ~y ) -x j^b^Ti'l ji jf^ll ji ijJUl 5jb’]ll j^o 

: >* 

0 = [(6.2)2+ (2..4)2|»«i/ fl .6.651), 


J 





( jA>JI ) JjjUl JaMjl 



yL 0 OjljJb SjJbuUI le-j* »t»j| Jtyn j 

*.tan-(M)=21.2. 


. -X j^aJI oaJ <Llii 6 Jiu> 


:6-9 J^U 


(') 



^ (v). fi—a Jh* CPP [ i) 
* ^Ldl JU 2 ijn IjL. , fJLaai 


jj^Jl £* 3j_S)l si* c*jjLcG n ih/k l m Lpli 16-15 J5LUI j» 15j£JI 
’L-*^ ^ 2rn/s Ujlji* 1 j^SJl oSj^j^ jLuJI jMt .2m L^JiSj2 iiSUl 
, v^-15 JliJLf <j*+i 5_» Li L^aUjI jl LJb 50° Ujj5 yjlj ^ 
jj-» ^ J* fjLxdl jl£ Ijj Li (*_|) # pjLull OAJ 2 Sill iij* it ( i) 
e uiiJI ij^J ojlil Ui . KE Ji jxj Jli» jl$ Ijjj 

( i 

iJjii t ^ jLuJI »v pLu ji ^1 Ijj ; Jl^j 
Jl yl ji ji» t LljJl 111 j»jLailI iiyw J^xiudl ji : 

^ ‘ W VjL-l* * »j-» ■ «Uj >f j-le a" fi u v j^i fjU 

ityi lioyuKt i5_^>Jl OQ» jl yiljSil Li* 
? jlisJi ^ILIi jjiu ji k_i>j ^ . Jlj«i 
J*» J«s S^jll SjijLl Jyi 1 jS ^ liusj jb>i jbjSII : ^l>Vl 

v -UjjJxi wjjfciyi ijjjl L ; Jjjw 

jle ij_fil lj-» j jiti~ jSujj t C/'llUJl £U> J iJsy>4 JyOJI Li ■ ‘Ol*VI 
Si> ^ J^>Jl lai oli^i ji *jSj4 JS 
¥ i^jijJy^l sJj>jJl <ju£ wi L» : JI L 
Pfc ■ ni/s) _J = 0 AjLfc^l 

• (W 1 J! J*' 1 * J! •l*rti ji ^ j^ 

V oilfjji Jj>jjl <4^j U : JIJi 

j* 1 Sj£U 4-wL^JJl il^Aoll <lu 5 ; <bl>yi 


P, y =m(2 m/s) sin 50“ 


P u - m(2 m/K) cob 50® 


P^ * (2 m)v^ 


. 2 3j5JJ cyl^JJI Jj>jJI <jjit 

j P 2t = (2 mlv^ 


V Jj>jJl CULJ 
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ilij jyli jjuLi j» oJUl o'lljUll jt U : Jljw 

. X ol*rtl J ; oLfJII 


















( JjaOJI <Lu5 ) jrfjLJI 


m(5 m/s)« mi 2 m/s) cos 50° + (2m)v & 

: y J) 

0 = m(2 m/s) sin 50^ + (2m) 

: m «i*5Jl ji Ja»^l: «ulsLUJIj J*Ji 

: jLc y jUj^i iloLu 

-{2 m/s)(0.766) , 

v,, ----= - 0.766 m/s 

* 2 

: j ( x*j x sb'j'ii <UjUu j_uj 

5m/B-(2m/HX0.6431) , . 

v to ■-- - -= 41.86 m/s 

: 2 Iaj-i jiai* jli tikj 

v 2 + l(-0.766 ) 2 + (1.86)»)w m/s = 2.01 m/s 

JUJii x j*>JJ oL>j'MJ cuuJb 9 Ojljjl U'jju kjjMi Vj :L*ji Ll 

e-tan’ 1 *-22.4’ 

\ 1.86 ! 


“Lyljj^l <i\>Ji oil? WJ Li J\'y 
(KE), m(5 m/s) 2 - (25 m/s) 2 ; 

V ii’ls OoJ U : 

■ 

(KE), = l(2m)(2.01 m/a) 2 + (2 m/a) 2 = (12.1 m 2 /« 2 ) 

? idiij! J[ j^'l rlj->o Ja : Jl v 
^-Jl jJUJI oL> Ujjl 13] Tlj ; A(KE) V L> vj lWI j\£ 13] ^ 

. laii 

1 ‘ KK - .1 1 jtuJ) * «j [•> L ; Jl^w 
(KE). -(KE) 

: 


(KE), 


jmJI ji u^iy^k < iiibUJij J*Ji 


i" 011 -* 9 12.9 _ 


>(25) 


A 









(jAiiJI Jj.kUI iU*S ) ^jUI 



vUJV' i—jlki iiH jUL'i'i iiuJ ix 
j y j^Jaj j!S Jllj AjjUS 

y)_jJ]|| it Jj ^jLi JijA '*£■ J*Jt 


•“ i 

■Joji\ :ii£ = 11.1)121 m,) 

lilacs-in, i 

: 6-16 Jti 

> > j-. A-Mi *& 

• o^J 


j-* i-iW ^ 51.6 L»jjj Lu-J Jj-aui i jjt j£ ^jLaiJI jl jjj j#j ljy> 

. jii^iil Ljlj> 4jli> J| uLoSl i5^»Jl 0 U 9 


4lail! jij4 J j>j 4_w$ 6-7 


iij-»! jj L*S . JjAoJl AmS jS Lsl* Ijjj |>UjuJl iliS jSjt j. tfiu 
p*j— UuSJj. k*» uuuiii ^l*>Si iii> j li^L &sji jSjt jj >j£ 
j -i±»j -uJjLJI J-1SJI j-J N 5jii JJ_£ j_» jjSu ^Jaj ilib ytj.I ijjJUJ j^li 

.Wj i»J 2 . m, U^j'Ju Jlill aj* ji yijsl 


‘>3 ‘>2 ‘ >1 i X N 


• *1 j* WM 0 ! J 


: jubUlb plliuJI la* <llS jS_J x j y ot^ljL>^ll ^iyu 
m,x y +m„x, } + .+m„x v 

( 6 - 6 ) 

) 

(6-7) 



,.+m A) 

ffljX 

, +m 2 x 2 +... 

..+m iV x v 


*u 



, + Vi^ 

- +m .v y.v 

m, +m ;! +... l 


ffijy. 

+m 2 y 2 +... 

» + ™ff y.v 


: 6-4 Jlii 

LfJjj 4jLJl jl jju^I . j—**Jlj jijH I j»* |»UsuJI di5 a>y 

. nig ijijil ills j« 012/S jjLu m M ^iill -diS jlj 240,000mi 

J-^»iy I IsbiJl *-» x jt>Jl ji jLltl jiu : ykiw J^IjlL/I 
^-i^JIj t^xjSl jl Uu»j3)l Ijj (jut jJfi 3jXt . j—> lj jjo ji lillL* jjSj I i+j\ 

jl jLiIiLj , ji Lkpi J£ <llS j!>j* mL ijj-i j gjj£ ji»ii > 

J£JL jj_*j lL»4 k x = 240,000 mi aip jjiJI fit J*w x = 0 a** ^il jbji 
. %* joa^Jlj ij^j^l illS jS j» jl jaL 4JU2Jl j5«« iljUi j.lalo-.U . 6-16 
m u x u +m.,x,. 


X - 


‘ SI ,Vf K fe' 


(0.0123)m R (240,000 rni)+m E (0) 
: 1.0123m,, 



















( jiajJI 4 uS ) ^jUI 


<0.0123X240,0 00 mi) 

L0123 


= 2930 mi 


jlj i 4000 mi yAjSl i_> ■<>> ji /> j>j . j*ji\ ‘Sj* lliliu 

■ ! |>jS'l ria- ct>J JJ3 jiP Jjy UaLJI 

L*j*p j4*m ijw <Il£]l '&ji olulj>] jli ^i«4 ^Iti JiSJl ci jtt Ijlj 

: Jliltf 6-7 j 6-6 ^jLUl o^l oi* Jil l>uL 

m 1 A.t 1 +m 2 Ajc 2 +.+m M Ax w 


AX =■ 


Ay +m 2 Ay 2 + +in N Ay v 

rm " M.. 


Oi**** J-"* A/ S^ 1 5 ^ 1 ^ 6*>^ l> 

: iltfi 


<V ),.„ 


m, v,, v, + +m„ v x . 


r,t i T l f T,,t 2 T 2i T . Tm w 


.+m y 

vcm ' M >n , 


j (P tot ) T j»Ltui! <_iJ5JI Alj^oJI x t y uj ■> >ckj jlL_uJl J_1 u Cu> 

ob&J cLjj aL^> J-a>J vjw M tnt ^ V5 • <P W i), 

. r iyi iliS jSjj Jj*3 suS ijr » cioaJL »i»j : ^LLU cKJi J^i'l 

; Cu^ 3jj-aJl JU jJaivJI ‘ii jy\& -uLo jjUl jiu liiaj 

JjCjll l5mJI -J, rt> j Cub' lj| 4 ju!j kjj ^Lku <ll5 'Sj» Jjfu 

. \jL> -uif 


: 6-5 j>±jy J& 

. fjLxJl J^i 6-16 J v*Jl ^ j* jj£li r lLJl <lib ifj* 1 , i.-ivl 
; ib^Lvi 4JU2JI 35 ji Jj^J 4-ui jl cuii 


; yjj <i y (> ie^-JI <jSj* ii"i |A (J jijLaill : j&i* JVjiwI 


n . m(5 m/«)+(2m)(0) __ , 

=--77-- s 1-67 m/s 


-230- 
















( jJwJI Jj^gJI <U aS ) l^jUI J-mJ' 


: ^jLuJI jjui 

ryj . m(2 m/s)(cos50 u ) + 2m(1.86 m/s) 

c -m. xf 3,« 

= 1.67 m/s 

w \ _ m(2 m/s)(sin 50°) + 2m(-0.766 m/s) 

' “ V = S 

_ +1.53m/s-l,63m/s _q 
3m 

. <14531 pjLsuJl yl (jl 

: Jpj 6-8 

oUjLajJI jj 4»w5 tl l> 

j wai l oiuikjl 4 -Li— r^Jl Lijll oL* *iLu)l J» <5\aJl UlLj Jv»d!l <U»5 ilL y!5 
ijjJI jJL* ; <iJI <X13 fJl> \L> \ >* ^jjl <yt/a*Jl O^UUii) Li*.' 

^*Lill *5 JjJju J| Jl>Jl lj> clwJl Ojbfclll ^stu ojl jjj , l^l^j 
^ p] LjJfl* t iLtjjiJl 

<_>j jjf. U»J i <4Ji»Jl ^ yiljuJl ilhfJL* U>l jj-j 

oLijLiill ii1032 ^Lc ^ “ jijx> JjI 

. 1923 ji *ujJl jju oL^-ck'I pjLujy <f.aJl 

oljj y_« jljjL>l SjjJ (jj ^1—<il OsUxil jl)lj wJuijSI 1930 

* 1 JuoLij jmj> yLS' xit . <c^-Jl <JLc oIu_i»J1j ( L^iLui ) L^_j Jx il t ^wLjjJ 
jl ^JljJL . jd-ijl j*»Ly JJj JU *j r- iw'i'l lljt Oud? > fl>' > jiuj jj Jjl 
Lf—1^1 iijjlu oifJ <J^5 l1i oUj~c>3I j~oj jiujj pj 

iL'jLu ?«•_< «JJi ij-t 'dli-ij . I ^1> tl billLol i !»«.<>)' j-ij Q>>I.II Jji 

oljjJl »jl» <Sj> ji ^>>La1)U oUa»*>Ji oifJ 

&J_A j_>i |»jL-3j JulC <JI i_>» xij . 4-l>^ J^—ai Jja-/ ui 

oj_& J i^i .■> 1S~ ijjJI jj_j BjjJL oL^iJI 

±ju <_Sj>JI <3LL ^jLxJI J^3 <Sjj>Jl <3lls iljU iji*j . isb oUj'«a*JI 

oIjL-uj IfJLt jSui ^jLaJI uuxv jjll <iillll IIjIaII Li. ^jLaili 

James Chadwick o <. Walter Botlie * 
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( jb>JI <W5 ) ^ijU 


slLjjLij JjJ £_j_o i Lj_£J>J 4 _mSj Ciljj—lt A*tl> jjLfcj . tJjyj pjLcull JJ jJj»oJl 
p d— i >J I <JjS JJ yuSj oUaJI jIIjLu J_>J yJliJ' oL*jUi! 

. 1.67 x 10 27 kg 41 a 5 ji iL^Wl oi+jj • OjJyxjJl ‘ 

. <UaJ y <Uiu-Jl oJliuJ 

■l_i>^i i^iUi t <i -All I . .l«'il 11 < jL,.ll oL_;l ; Jl .'i, nil , ■ *£ wUl ji}\ <-Lji 

oiLw'/L'l oL>Ji JLU5< j.l wJ.' v -ijij 

lii’j ol_»yij Jj-kll Liuli oUkU 1 jxiull v*jjl ji iLUji** vyy J| Uu-J 1 
oL>*M jl \ jliPj LjL -bU 1903 pl_P J»l>yj yuJjlH ji (• V yai}\ 

. LuSj oil* J*»J 

j-jjlj i j-ij-uJl OjjJl oljj j-i Cuj^ki ji)I yjl>oJl joju tjLu jli JJj 

^L»l ^J> pj . ^jJl oUawJvJIj ‘yaJI j# OlkU JjLu IfjJ 

ki^Lujl <LJjJ yjLfcjJl «1> ot>j» oiblii l^il 

8jALULi lJj-Aj Li j—bf k ‘fcjJL ’ ilp OljLOl ^jkAAJ -rlxw jj 
l^^xll LlIJS ; J*P !jul« jjt ijuyajjjSJl 3j*UiJl ) . 

L_»^L>Jll J_UU ^Jkll ■ ■ ;kll JjL_iL>| L ya_jjMjJI ^pkw'ju jj L» 1 *" .ill 

OwSl J-J y yjLjJl j-* OJ-^i Lj C-ytJ^i Oux*! jj . ( <j~uLJ l 

L*jJ~uli ^4J pj jUj^Uail ^blk . 4jJliiil ilLkll tlilj oLj^jL 1 LjJuyuj * l i i.ii l l 
oL.i i> jj£ ,jl y>j lybJ) oLj.^ v Jl Jj JLy j_P 3jL>- ‘ ui)' jl 
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(y»iJI Jj>jJI <lwi') ^jUI JJJI 


>• 


ww i 

i 1 


(') 


>• 

p, 

/ 

i 



w 


<ij-u JyOu jlj lioSJI j^Su jl L*ii m< H/’ 

J^—kJI £* LJkC k-iwliu ji iji 4oJj LjoJlb J* Sj^j <■ 

jJuu : Klfy iui j*>-'3)l ^IjiM >i* jl* ■ <1*« lijJ' *J>AU j^y 1 

. 4j>y iLual* i.AuljujJl Cel^> jj^Ii ^ Jj Uuaj 
ji OLuii Oj*3 jj-Jj* —® J-j/ lSj*l 1^23 fU jjj 

olj_£S ijy CiLjLxi J oUjySlM Ji yjsi-i k <XU- Ouii 5;*-e J 4 ‘jJ 
oUj^il'il JJ JJLu l^Jji i-.Sl.Jl 4jij.iiH <Aw^|l UjuaJ . jJj'Jl 

oLijUl oi» a>I 6-17 JSuiJi JJiy t L$j*U> j. Lm> 

k I JjJaJl «-j U -lie k-kaLlj 1^*1 -Uoi > Vj. ' u. J I 4Aw^|l <3lb ji kiuaj 
^yi JjJl'I jJ jot^S dj->i)l *_u5j iilUl J jJdl !ii jli 

. 4bj ji j ji <u«jyj ^>yi jy«JL iijUiu tjUJi <*jji 
j^ji j4 jyj 6-i7 jui j*yi jsyi yp iSLtji vul jj 

i^jlj y_p ju^ ji a»_j jJj . Jj-bJl j-j j*»dl 'jJ ii^Lp jlilii 
jy*4_y Jlli ji yjJL ^xjJI jjj . n * ^jLjjJJ iJJl il jjlJ*i-l 

, tUjJI ^yli bJ ILivj JJ U J*. k iiMall si» V< IjIu Jijj JJI 

tyljj LfJ LJ-Jl L*iSl ji Ji yLoJI jUjJI Jj Ji Jmj *ii LS 

J_.y »)1 J- aaj L«j jjJjS J. jij . oLjJill »a* ^ <**#-* 

JJI Ijji jP .l^ill J 


:K-17 Jii 

L4i j-J ; >jj . jjjjs i jMj> 

^i_j E u(j jj>_fl i^jii iLuJl tJijAi 

• _' 

; yp tjjli j^j" ji >-i>a JJJ> ljj» si^ji ji) jl\ 

(_J) . jj-ll jiJ Jali. jjil ^jUI ( i ) k JjjAll fUaiJl (-^) k ajJI (lj) * ^yjl J>>jj‘ vS (i) Jo^ -1 
. JiSJl !> fllsu Jj» ( r ) k i«Jl ( j ) . jiiiJl Jj JJ< ( ) ) 4 jLiji' 

. Jj>jJl <T5lj^ jm j iyj jyli jm oL^ - 2 

. . r y» aJj yu-o p-»> djaa J Jl^ki] - 3 

. ijji jsiyi j jAxJj y»*J' djjJi «iif jyis ^ 

. JI JaP Liu j'JUb j»*.^> ^iLw (Jil>w - 5 
oajjp ‘lj*l JJ jSL |fc-k* Ifji jJL jdl i-tflyI J*UJ - 6 
jj ILjju jljAjJj iijjll fb lijLaJ jLjLaL y yJj U -LLiwI jJ-^ jUoo> L^y jdl Jiiyi Jilx» - 7 

, |Jlail JajJl yj 4aUlal Ji <SjJI 


Arthur H. Compton ♦ 

a Lf»Uolj ; ; LtaJI JJ< V ofr 4 ? f 1 * V>n J •. 

4 -.< j iilWl ‘J • 6-17 J£-lLi jj_« a Li' 3iiJt JiSl •Lo'll iaJt 

. (1 - cos a) ^ o-LSj ji kj** / y - Jk, ^yi jyjl J yUi I jL *JI jSit dyd' 










( JaiJI ) ^JUI 


oLjLJI LJli ji ISpJl oil) oLu paJ UvLJI yjL-iSi Si - 8 
. jljuijUl j«Li jk JmJ ^1 soaLlII ji Ujii» 4 JUJJI ol^^Jlj ijjj tj* - y 

. Lilli '£}» Ji£ll jl ^llou Lli 'Sjt yiLi> - 10 

. j>Uau LiS 'fiy dj*i <jL» 5 ^J> d^xjJl yd *Uy jjlli jjubu . 11 
. Iftill jLu'iIL c>lj J1L1I 'j d^>jJi j-ui «Ui j jli jiiLj. 12 

\jA>U 

: LybjjiJI Oul^jJlj AiJydll C)U>jJI 

: djjsJI <u*S 

1 kg. m/s SI pllidl ji v-LS'I 5j>yl 

: 4 wlwl jjImj oHjjju 

:Jla >Jl dyjl -Uai 
; j* v m oiiS dj^i) ^vl p ^kiJl dj*dl tuS 
p = mv (6-1) 

. Lj-Jl ol>ol j} tf>dU iuS tjjt 

:plt 

0*AaIL \JiJu toll d.' jli l tjjj jjjl t—L> jif F <Lwjii 3 j jli 1 j| 
All a F< 

, ji»iJ ^ilall ii%>Jl jylil »j^Li Ovili lift 
: jJaxll dj>il! *U*S ‘Uj Ijw 

ijull lift slJUJl jjJUll Sj^Iai CVjoJ 9 jjk . \jj\j Ijljik |J»Lu Jjyu ^IfcuJ oJill dj*ill Cui 

. lil>lj *j£ li£ jkill ^Uii) ^i£)l d^Xill <id UJU jl jlu 'll 4ii>IJI Sjill jl 'jli 

: i-»5U 

4_l>jL> ji jidU jl 1 ji»c ^jjju llkt 4i>jl> ijl jjj\j i*i>~ wo 'll Jiill j« L^ijki jJ) Jjjdl pliajJl - 1 

. 4j1>IjJ| Jyjl Jjjljj ijjliilj J*f* flkill jlc 

. f UidJ Lydl JsSII Jllxi d^J oLuil ^4X|JI ^ r iy LiSJl djaill Ld. 2 
Liiy tfiuy ol^yull ois jl jSJj i Jjyd* LjSUI JiSJI Jj>j oLiS jJuj jl jiy . 3 
. »i> Js- i&jt J5 Js- d^xJl Ld *lL ioji» jiiki j5Ly v ijiLill Old^« JJ plL d^*J Ld Jibo j£y. 4 

: oLjLwJI flyi 

: ijjt jii oLjLu 

•Lull <Sj> dlL j! jmII jmu d vi;jL»y ^jLxi y> j^ll j*t ^Udl 
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J 






( jkiJl 


: <Lijj oUjLw 
oUs 4^5 jjb f jL» 3 y> ft» fjUill 

: la)k> 

. r lUJ AjJ j> iiU> JJ 5 jU Cj* ]* f»L-S j «JjSU ft*, - 1 

. i^yil ttftl J>b oUjUJI JS y llilj ity~ ^sll <*•* jjfi o' ^ - 2 
jbs ^ jis jj y* o' v^i J# 4^ J ^ «*> yu » $ L W ^ r ,JiilJ ^ l3 l- 3 

. ity^j LlLS'i Jj>i)i * m £ 


X.. =• 


: (^uJj'jJl n um» jssji * fit; as js> -»/< 
m.Wi* . +m * y * ( 6-6) 


m. ^ m„ +.+m.i, 




fti i .v l +m,y 2 +. *m N y N 

«i +m a + . +m .v 


(6-7) 


n <li£JI l^lo>! y„ j *„ »1*> 


^•■ii 3J5JI J^jjl lu£ jjLj U fit; il3$ )S^ Jj>j i**J' 


PM = M co< V m = P t « 

. iuC Jt; Jjjw fit) it£ jS^. i#j- jli ^ 

CiUw>Jj 4iljl 

j,L> ^ ^ ^ IjU . e%\ jit iS^JU J<tt j4> ^ JWI J! ^ « u ^ j]l ^' 1 

? iiijkjl ai$j * » viu>J £»t' 

v yWll^j^^dWlUi^SIU isi^i. J#A> Jl»X jUJl)^'*'^^ 1 - 2 

? -UP jjjli Utx fl 

. -yi ^ ^ > . Ji ,yi. <i*J! y jll* ujM#^ ‘M ^ ‘M* oA {? ^- 3 

, £1*11 y j^iyi jlS lj[ 

. <a31 fjjLflJl £*t i-u ‘U* ^ J* ^ X/* ' ^ 

l^y ^ pIj-JJI al*3 u^l f>II ^ . Sj#S w ^ ^ Vjii 

0 i_>j“ii ^ ^ vjW! o' Jj UjSa v-s-3 tsjj. vUi c yi oi* oi*fl y ^ ^ 

f d)j dij> Oil j-is jl > . l f-£dl 

. ^1 j| Jj,1j ^ lei jSUjtej . Ji.1 J! vJj ^ ^ up ijL> ^ Ljie - 6 
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( jJaiJI dyDI 5^*5) JrfiJI 


La oLLii jdl pliJj'il y£> Jl jjy ai ijSi\ j] ja i yL> ityx* ij5JI Jyj <*a5 u£j ’Ll ^jLmJI 11a ^ 

v ‘ d^xJ •u*i tlL jjili m Ijj jidllw Ja 

ji J»1L> jy ja jiii UjIc ^uL> jMjjii-u dyL^ JiibO jl L5UJI j_a jjS^ ’Ll I ill £)JI <1 jUuj UjaI m rj ^\. 7 
y* jaxJJi j_j JJi Ly_J! Ja> LL»J JUi>l jb Jill—Jl jUxc^IL 11a ‘6%t L 

o'jxJI ^Lalil i^UxaU La LI I oljL-Jl oUjLm J*a Ija* a)jJI aJjLuj LUi-illU ^ji>\. 8 
j—*J_j i LjjjJus jl^j i> <i— L*>Li ji ojLm Lyx 4~ub wrf^Ui ±>) , JliJI ^uLSJU Jvi_lu w_t£^l i_u-al. 9 

jL^JI y 5 j 5II ’-pl»lfj jj>J ^ i_i5j Lli LyJl JayJ ^ o£}lll J&) ■ ^ <ju jlS IxaJI 

«-!- . »>j. fLJi JJ LfjSj> LjaJI ^Lfju tyidxji iU 5j£]f «j y v jiJi LjJi ■ *• ■■* wJJjJ <>um . jjiLll LL^dl 
‘ 7 *-‘£ y^l LaljJ « olya oly LWl »1 a jjij L|) oP^JI yb JU Lwb Jjy ijSJl J 

Jl> . j^jlaJI <i-Ji 1 a> L yJu LiL Jj>L Lij ii nit <j>|jjl *l vk-.oi jic iwtc^lll Jjuuj 4 LIU <L y* <u»ld! 

LyIjj-UJl <*>UI jj pJLx-'l Ua 

. J>jj jjju ijUill < /u «i5lJI SJyJi \£j Ju5 r*JI. 10 
Laa.i>I six jUlill *jj . ^Slia>l ^ ojtaduu jJU <15 |iUxJi vjjj l)jjjj Lull ^jLiii yl jLJli cul - 11 

. IuaJI Laij UjuU jjjJUJl *5y». <_L» , IUaJul» JyjjJI jjSu *ii^ jxjko ILy j>*il 

jl Jj) 4-yyjJU / jIjuLi La (I) . jjjSl j—c 10 ni <aLJjI Jjii j j ja 70 l-jliiS sju ojii _ 12 

J-» Lj t « fyaxlLj » l^-a U jl C u x a^j L<_}4jj ^JU y.jjS< Jl DJ^Jl j1» oLjj ll[ (o) ? Oj^Va y<jj% ^iwy 

'? SJ^JI J* jajil l^j yy ^jJl »yJl Luyi LujyuJl <4jiJl ,j* La (_>) V j)5-Jl Ji J-AJ ji* j*}Jl 
aUJjI j_a 1,0 kg UjJi) <xk *4 kAcXj) <li5 LfJ> Ctl a Lil y Sjuala rliw ^U <L-jLa Jjj cjuij djl ^wyj - 13 
UjJL-j ilbjl »1» ^ Iya5 LLo^jl JLl>l j*ij ULl , J.J ^U LiiJl Lfj yy ^yll 5y)l A*,yj jJ& . 0.50 m tjji 

^Ju jj Lyjliul jjf <Jy_u ^lisll IjUJI ■ ;Li" •“ dal ja 

JjLa4 
6-1 ^jaJI 

*—4>L>j (<—>) V JLmJI 3Lx 95 km/h Ujj) <5jxla 1350 kg I f'il‘5 LL_J (I) ^L>Ji dydl <u5 <*ai L - 1 
yyiJl »L»J LSyki* 7.3 x 10' kg LfitiS olkjx* 5yU (_>) ? 2450 ft/s Jj* 4 j jJUl JJ <5j>ia 12.5 g Lfd5 

. SI Olivia dbLL»J j£ yt V 20 mi/h Jojuj 

V 15.5 ni Ujj) LL«a jtSUl ja Lj aj 7.50 kg <ilii ^»x>J ^Lo-J> djxjJI <aa5 <u) L . 2 
. h La^jJ LLu ji5uJl ja JaiLo tn oL5 dyj <u5J ^UJl yjwjiil Jill _ 3 
? DjLJl ifij-i jlda la ^ 8.50 x 10® J Ljiiy- LLL« 1600 kg Lpli5 LLJ ^L>Ji dydl L*5 jLL L_ 4 
. jLx 1 ! LfSyO <j.a Sj m UjJi) <jJu5 a5j> oil? k>y Jill ^Ull yjjJl jjuil . 5 

( ,*iJU djxii' <xa5 jjLjL ^. vx t j I ) 6-2 |iM«dJI 

L 17.1 m/s <L»ijdl LilHalll L^.JL 115kg <u!5Jl Lf«Ji5 oll5 0] 1 s J%* I^j5ly 5>ly <JlL)' LjMli iyJl jljia L. 6 
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. 10.5 s 13.6 m/s JJ yjSJi <> 22,000 kg klsS ( y^yi) ilil> ky j*yuJ kjVJl SyJI L^yu j*t _ 7 
gtt )ll «j- J! J-«J 1750 m Uyi iiUu J| plfyi k* 440,000 lb l^jj, olSjx. iftj olj SJfc ijiti ^bw. 8 ■ 
, <JUa] j£^ j! ytfuil ? Oli)ll «Llii J^x* JS UjJy ji yx^ yjl 5 JJI LlwUj L . 240 km/h Uyjj 

3.4 cm iU—j-* L»j) Lalajll oxj> oiykl . 235 m/8 UjIjJU iiiyj J^xD 12.5 g lyl'< keL,. 9 
ls—yu j_*j! i 1.9 x 10 4 h ybl J^L* i+LaJI jjji y 4 j |j|i . 125 m/s Ulyk iiyj CaXjXj <u» oj/uj 

. kaLajJl .^k ijJjil jli^ll ay 

10.7 m Is L» Jku lcy-SUll ab*jHl y ojjjlj Lil>y l^p 15.5 m/« \y&yy 345 g ao*kijl. 10 ■• 
5^1 (>j y-*>l jljjj'il JJkilxJl y« Cjiit 0.225 cm jjSJl jS>< ^jLuU kilju/il ifcxill Jy 

V )>jj' SjSJI J* IsjbJI jJlj ay JO-/MJ U , fkixi yl yjy^ kilxjl /u 

0.33 cm iiLu—ii5LJl J& 5.8 x 1U 7 m/s dyy m = 1.67 x lO’^ 7 kg oyyy jlti -11 • 

yi y>yj 4jLw}yi jyjyfjl jjj_» yy) jUJu U . 1.5 X 10 7 m/s Ujljuu k_y> j*^|l yulfjl jj £>j Jy>li 
V 15jxJ 3^*1! ayil k.y< Uj * iuli <1x0! 

Ijlj . 75 cm Lj—Jjb cku—n iiLj al^__i» yxj -ckik jk 32.2 m/s Ujj 3 kyu 62 g uiii' y-> jlli .12 a 

V ‘tiyll3yli kwyi Li . j»Si yoLaJl rjyJJ 0.0375 s ^fJl jyjJ 

26 cm 11 ylS Ijli pjLwJl ki <Uiy kijj iy-K ajiiljj f jiuiyj fJ>j> o03 i> *UI jj ^iii Jly . 13 ■ 
aiiLllI p^ll ^_jjl (i) jlxjI t J5 aiiUl 2.10 m/s UjJ Ic^ JjxJll tUl ,>( 26 g j[) 

aiiUl ^1* ay)l k-y, (y) . f ,>j ^ 

jljJu L» 2.0 m/s UjJ icj-u Liil JiJ ^Lt 7.6kg/s Jjuy JJU ^yfv* jj l^lj ^kLJ. 14 ■ 
JaiiJI <J? ^ yiyj| v JiDl Oj^JI 3rt)l 

6-4 j 6-3 jLJiJl 

cuok^lj V **JM{ ^ii-a k> A/j \ j ll’ i S jLLi Ojt OuLOl JuJxJl iSuJl^ ol^kp j . 15 

. c^jyjxJl irw O^jl . M.J kiL (J^>i lyu OuxjJlj 

diS jJfi 185 m/s Lajil 4ki*i ix^y 5.25 g io»Uj aljal oilJal ^L^JI j^U: ±>i ^-16 
V yaiLUl jyt i> i^ukkjl ii&Jt jjlv Jy, ifiy . lyi O^li y«>Ll <J Ji i+yjy 5.5 kg 
jl—yll J] <Sj>oj 2 36 m/s UjJ ixj~o y^aoll JJ <Sjxi« 1 Oyill ouit£ LijJx jliCLit ^ujLoj . 17 

tki liLaiJi ijl Li yiy #L>jlj jljuu jxjl , 12 m/s UjJ 

Ltf jlki, LJ fJ LoJI ^ objfll ck5L IjJ ( V ) . 1 ijfll UbS Jju> 2 ijSII *i\£ Ijj 17 *lUl ; /(i). 18 

MijSJISItf injf2>jfll 

jO jSL- yjli 5560 m/H Ujjj itj-u 17.5 g lyki ksL t>j oiil»i. 19 ■ 
1260 m/s Lbjlak yaSLall al^w'llf J 8.45 kg <iLl£ a \ in 

ay (y) ; t_LL« ^jlkOI ay yJlill <u_w jliL i>y . ( 6-1^ JUI ^k! ) 

<iiy JJ 132 cm iiLa yJlill JjXi Ijj ajukUlj ylUJl Jiiu>'il 

. 0 ^llu 
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Ml Ji-I 0 * * 12.7 kg lyltf UUj 5^ MLij .S^^uiJjy 2.6 kg dsS vJti ^ . 20 > 
*• 1)5 cm M au ^ U)l ^j 1 l3 ! r^ 1 d>*= ojtf ^ jl. vjiiji jj ojii-ii y*ui 

V Ml ^ 

Iwij MMJ o-i> jj ijfll **W 9.2 m/s j| ^ jU< >j L.^ , |> fcjL, */ ML,. 21 • 
? i/U j^l ^ 6j »H\ Ml ^ U . jUii^l M jji 13.7 m 0 j j5 ^1 jj Mjj ^1*1 JJ 
. >^ll »J*II M oM JI dyill ( yji ins Lai* i)Lll 

#jfll o*uji . Ml y CtfitjUu 6-2( y^ll JiUi y jUxj.^1 aljjSIL 22 ■ 
MJlj jjj.ty i/JL, cuMli oii*l fi jSuiJi fall ^1J! 

kT* L* («T*) • V^ 4 f-’Ldil 1 ■‘‘f U^ 1 Jj-> ^ ( I ) 

? fjUdi y jj^i ;yji Uji a yii isyji oiu mji i^iii 
Sj-SJl M Jj I Mil y yliM 6-2^ Ji4)l y J yyi.23 ■ 
Ce-4 1 .> lf*>» ij^l ij> tf^l ijill c 6y LjLp m, 

ji lc^>J| olf ^jLalll J*jj If OiLdulIj ijjljjl sjjSJI klujLoj 

. m, ilV^ m 2 Ml ijill M o»ji . h/6 ayi pULijI JJ oL>jj Jill 
) jb^i M*i j*JI JJ i$>fy jLjll JJ L*U»j h ojJ gllSjl JJ 6-2 f JUJI y 0 LjUll jlMl c^ji. 24 
• f jLJI -W V JS J-i ^1 tfl JJ. jUl fli ^ LjJI r b CjU bu LuM Mill ^ 

>JI 3>Jl gi If jU JJ v 0 fttJI oi* lf*j- cwl5j ; ctol fi U4. 6-2 f JSLiJl y ^1 s^Ji ^. 25 ■■ 
y^JI ijSJI M jJ Li 3.5 kjj-JI 5jSJI M oil* IjJ syi^ f MI ^ crfjjfll ^ ^ji. f b U^U 
t ^ L “ C- r b v 0 ^ 45^1* ( rn = 1.67 x 10 i7 kg ) oj/> fjLu. 26 > 

• VJl^I <1^ U . 0.7 v 0 Ujji a£j*j iyL* JLWI JJ jJjli Ml 
^Ull oUilll J Ajjlj ( 56 m 0 4M) <15L 5y iljJ v 0 <p^ ( m 0 dlS ) Vr i . 27 ■ 

■ tf**- J ^->^11 Sly j>ji. ilj^ll |,b fjU; y 

V 27 aLil y Ml Sly LfuM yllj oj^jaID Lb^l <5>JI ulk > ijjull vJI y L - 28 ■ 
^ • w ! J - *"* f—^ Is*■>!-" v„ Ujlji» Jyl* m, <ib5 |u*> jijLa;. 2fl ■■ 

.«! = m 2 ^ L*Jac m 2 4J3SJI ji ^1 ^*JI JJ Jiu; Jj_ mi Ml jj ^11 ^LSl ^^»Jl lilt ,> M 
Jj fMI l+M yili 4-SyJi oU» jljil fa* JL5I fj k jap ji * kiu> t m 2 ■ A* m, J yyi : ^Jb } 

• ( k = 1 0& l*-w: ji*0J jljill Q+J yk*ll Ml ji Cjubij 4 Jlf il'Jlju m 2 Ml 

6-5 maJI 

sir* f-M* yi> yjLp Jji ijJIDI a* 1UJ! ^If ^ JjJ 1 German V-2 ^Ul y«u. 30 
^ ^ ‘ 2000111/8 | ,jWl ^r 1 0 ^' l*>^ Co*3 600 kg/s Jojma jyjji ^UJI Jy* jl 5 . ^ 5 all 
Mi U (v) V V -2 rjjl—»ll »jJ*i Jjjl ^jJl jljui. L. (i) . 9 X 104 kg oi* jjijJL ^ y, <iL 6 

. g Iwjiyi u*«j oii*M '* 4 J| »j* ^ y* ? j^i M ^ v -2 £jjloJi If JILL yli iyM^i iwi 

j* LjU jijl vj! viLlSj , 7.2 kg ^ IjS ^ oiij yi5b>i^ll ^lill > M J* M oo>,. 31 . 


*1 


jj 


6-2 f JiA 
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( jk>JI Jj>jJI Aoa 5 ) jjjUI 


j-^i »'i jj JiL ji ,‘lilc jli juL>Jl jj ^iJ^ . 21.5 m ■uiii iiLu LLs nuj i_il>11 
j_» fra) ji xjuJ i 72 kg .‘I ’il'rf liiiLi IjJ . 3.3 m/s IaJjL is j-u i^UII j*Ji\ JLc ILL aLj! L«L*J 

OjlLl yijil J| J^J SjSJI ijji <L>J 

olj 0.55 m/n LajIjL <£j—u y-ijo LMili iij^ill l^l/js cLLv 13.9 kg L^JjJi <1LL cx»li La# - 32 

AJjlil jJ ojLi 2.27 kg Cdli _i J 1 j_* L-ui Lfju Jo>J ojli JLjj . nxl jtj L^L>b Ll>y« U!5 

Liij> JJ Ia-DI* 4.76 m/s Ljji i**Li <p^v yJSJI ji* y-eSJ' & <■ iJOLJl j* 

? jSuJI wia3 ja> iliWl L»* 4 6.4 kg LjaJI ilii ojli Ijli. oLaSl 
OjLsj ^JuJil y_» cj_ilkil ijjuoJl JaJwj LfJLi ^lia>l *} Xai Ju ^ls liiL JLLw 1.25 kg 4lili yjJ-u . 33 I 
oLu yojujl |_5jji yijJI J^l> iiU! U . jj-suJI »Js~J jl^» sl>jl ^ 15 kg IfAJji 

? 350 mm L»jJ 

iLijll jILj^II syUuyj Li . 650 m/s LjILu isj-u iLiJt ,ji 13.5 g L#u Ji iiii iilL 100 jiki <jl iJijjj .34 

V 1 min l+iij i«jj J^L> aJoJI Jc 

ljx>j ^ie aJL»JI jiL . 750 m/s La JaL isj —u jJi ol>J 18,000 kg 1^1 )a 5 i Lio a#uL< 3j>jj . 35 • 
tjUlj jjjyi jj> Ajai-i ijJLJi 3j>J* ^jjUl d^Jl ylij . 550 m/s JJ y»lL< a 1 

jSj LuiLJl ij i_i_»o a Lao I ji jj , 2300 m/s LJji* <£^_u i_5jl*JI ^jUJI 85 kg/s Jjma^ jjboijll 

? APj-JI ^ yjlLdl ^s>wai)l fcl 

6-6 

iiLj ojlL LlljJ . m 0 /3 IfL JS Ubi iliUw ^J»5 JJ cxiia 3Ui m B L^jJjS - iliL *i*l» o^»LI - 36 ■ 
. UjIjL Itj —j y Jj-LSl ^;LLj 42 m/s UjJ iij-u x j^>JU o^i j 

y*l«Li]l ^ JJ>' <JX 3 m 0 12 <JJIoII otfjl UiS oblS |j| ^Ul J> . 4SIUJI * r u*} . 25 m/s 

m 0 /4 y*!^ 1 

^yOl oUo" ( 2M a /3 Iplli ) 5jl^Jl dj>03j v 0 JUmJI »li>0 ( Af^ LfiliSj ) A o^L-Jl - 37 ■ 

!>jLx 3I SijLiil ^ Lo . LfL Ji oLaillj XiA ybjLJl cujLeu . ts ^Jl jljii 

VJ/La 

LjLu jl.j.^vll ylj* pjLflo . VO UjJ is1*0 isj -0 U*jL>.i i X j^>Jl ii'Luil O^yiJi - 38 ■ 
ijLi . x w 50 u Ujjj o^lj ^!u«u »LaJl ^ ^jLoiJl Laa>i jlLul HJjJ ooLj i lyilf* 

9 !»jLouJI j \*t is^ Uj V j>50 Lja> 

ic^ Ijjijaj (~v 0 i 0) x 3 y yiobvj'il ji L»i>i isy- Lui^ oili LLc diSJl Jt iLjLai ylu-^ - 39 ■ 
^jLaill Ja . j>^li <&j* J*£j* • (6 > w 0) J>l , (v fl /2 i v 0 12) 

* ijjyll ^0 

v 0 LAjli is J—U X j*_>JJ j ■ i ^ 1 ^ ^ y«l i^l > jLilii ySji jJjll . 40 ■ 

60’' L»jji Jj,% 30 u L>jji L*jui>i jL»jill ^jL-LJI oajj . yiL JiLu ^ ^jLLj 

V JjIjL L . x sLfJ^U v-LJW 
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( jlwJI J J>jJI <LuS ) JjJI 


jj ,<-£> m/5 IfJiiS iiSL- jj_>i ijS «l»J x jy* jit jLa)l JJ v l»y JL j)j>ai m l^jLS 5^S . 41 ■ 
Lkjji 4-i)l j ^ i rtj jL> 0< u/2 UyJL xp^-o jLuJl JJ ISjjJl J»Sl bjSJl oio ^jJull 0*4 . 

. 3jSJl ifij* jljJu jl>jI . x jpJl i> ^JUI l J>Jl jy 40® 
»L*JMl «> - J L 40° Ujji ojlj ^i-aj iLkJI ^ i;/4 Uyju 4 Pj~u Ui» Jj*il SjSil ciuS«jl IjJ 41 <lLtl! j^S. 42 ■■ 



<UJLamJI oLvJ 1500 kg IfiLiS S^U- J y»jj . 43 ■ 
1800 kg L^liiS jy>\ 5jL_. t 22 m/a UJJu 

jUU o-L>j . 32 m/s »jjJ Jjuuj jj-Ji sl»o 
LujLui *.Jb» 11 I jjJj jJJl JJ jl^LJl 
Ip j-JI Jl>jI . ^jLajJI juv tiJ>% L»Jl>! oiu ul lj 


8-3 f JSA 


. 5ytL« hjLsjJI Juu jJjloU iSjLill 


i«u jjLu 


11 15.2 m/s Jja«j <Sj>i< j*£ Ujiap 1250 kg L^jJjS Jj>j <,^5 upLxI <J fj^lll Jl«JI jlJL L - 44 ■ 
jj 4_'u«* 4_kaJ jjj . (Liuijl J 4ajL> I j...i i oa»y <LuLs<j! ji 65 kg Lpili t La) iollj oLaijl - 45 ■■ 

J| 4 j - i o . I L 5.5 cm/s LajIjlu Lpj_o LJ _ Jl j_p oj_xjL« oLS L^JI "!(] 30.5 m 4. oi . . I I j^j l^Ju 

. Jui-Jl ji JuuuJl oUo“lll J 850 g 4 jJj5 Ijjj ^Liu ,jjL ‘Lail jjilj 04U Lf. V i.ii- Jl SjyJJ iljLau j)i . OuiJl 
? tLaiil 4*>ji i Jj IfJ^y ^jjUl Li . '*i>bjj ? ZJjLxJI ii» ->jj Ja 

j_i Lflijuo Lop iLt>jx-du ( IrfJLiy ) IfAjliiij jji-JI 4Jl> J liilj oilS Ojl^j jl __yjUj j>I ^ ^53 .40 ■ 


4_&>J Lbyuiu oils j^iuSyi bdSJ oMajJl ^jISLi jS lyjjj , SjUJl jjj jjj )j» 1.5 Lfljj *i»U wiliJl 
J_ii 4l>HSl j> iL>jl Jt 7.8 m isl_u Liu xi L^ji jj jail oL*Ap oLw xiii pjl—uJi 

. pjLaill Jj o^ytilL <3>lwJI jljiu L i 0.8 JlSi>Sl J*bu jl . ^jLaJI 
pjL-alll jlS IjJ. R ijSJl «j ojjLajj ^SlSi>lSI< •ili—Jl Jy> ^1 p oilyli A xLlijJl op 6-8^ JS-JL A b^SJi o_ 47 ■ 


. A ojSJl <JbS 1/3 (5 jLj £ 



ojSII <JbS jl yjjjl. ^jIaJI jjv B JjSJi Jai ^Ujji jl JJ ji>ji 4 iijyi pL 
jy^Jl *JAU ILLm iilL <1x5 I^jIp oj ji« Jjy'l <lT 6-A|» JS-Jl Jl**. 48 ■■ 
> 1 P .-lllll .1 2 III 4llSII j!j >J JjO -r JU4 Lu> Jjjl* jp LfJ <J_lU4JI 

oijL/ JJ3 J_Vj . Ijjjulu ^jAill ia^>jl jl Jj D Ujjj liLu iliSJl 
jlji< U . ipj—Jl wr Jtjj pLi 3 j* 5 !l ji byJJi jj ^_oSl koiUJl jit jUlsfli 

4jSlSjL>l 'ij 4.I.*|SJ I <4JJP 9jSJI jl (.JjSJi f <Pj*JI 5A# 
j_* Lf.Ju.* J 4 U i y p iyii-u ollS 6-4^ jSuiJl ^ 2 m 4 llS)l ji 1 .49 ■ 
4 J.iS.ll s 3_» oLLj jLuil ^ li^JLJl illSJI JjI> Jjjl Lopj . jyjl 
4 J 1 SJL L^Jo* ^ ^ 5 jJI ixJJI ^juoj jl jy L Ujji oLu lj> U?yLj 
jljJu <>,l bu <SjjJI Ji ii*^UI JlSJl oijy «lllj Jyuj ; bjJo» Jj> 5 !ll 
. &%)\ JiSJ iSjilll UjJ 1 , 









( jkiJI J pdJI LuS ) ^jUII 


<LUJ jli—Jl Jj-kll jISj c v Ujliu 1^13 Sjk. L l*J^ M 1*1331 <*Jj ILL oJjii. 50 ■ 

1 CH^ j iJ'aS a^iil iUJl Lf> jJj; ^1 l^u«3 jiil , U 0 U»*UI k iukJl ^k ^ jl5J^ 

, Skill 1L13 t*J3' /Ui ji Jl 1LJJI Jl)ij ol* IkJ (> .Ikl i )F iiMJl Jl» 
oJjS'l 0.5 rn jlui*# gjjlt& j <> c«.ikl» ^ ,^*1] ^l/il XJLxll ^ 50g ^ 5jS ciji. 51 ■ 
ij^ll ojJ,I f jL-iII k*j i 50m/s U,lji, ^1 alkill y ijSI klS »^U fjUJi 

. jJi\ kUJI ^ 12.4 m Ujji gL^illijj ik> JJ kL,y Jjfa *1^1 y <^u 1*51^1 
^Jl S^iJl kji« Ui ; 0.025 h kUll p r jUJI $1* <j! (w) ? J4UJI ,> 3j£JI jLfijI U r ^ijJU U (I) 

V JmUII ^ »j£JI Lfci yy 
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Jj> Jj> ‘uiLoill ■ti j 4-.ll juju 

Jjji iijJlj <jui jl~U ^ iSjxD iijjlll <lljSl jj 

C_JjA4 CJijJk j —» If— JL> Jj_» j_jjJ j-ill |»Lw>*lll jjj 

Qjb jJ pJj£j i-ij— >j . Lojl UJ i—3jju I jJ I 

iS^xIl jj tjjl\ 111 Jjjj .JuS 



e i»ijVi 7-i 


. piJL-iil Ja_>JI lj_* jjb ^1* j^x* fjlf k> ^ Jwy 

ijljjJ ji JjilJ jLi ^ *£>> . ^^1 lifJ X j^xJl p-txi-* ijUj 

t ^*L>j jlfixl ufr ( J*^ 1 ) u 1 ^' Jj> '*\*£ 

i JJj JaJ OjUJl Jjkll fiu ilii <>£Jl i-ilfi . 4jk>Jl l>lj)U v$l 

<Aij~ 4a>I^ 4 ^ LfJ J^lj jl y$f UiSJj 
JS-DL yAw y> US U^S^ j44 jvx* Jv» jjH $1 LwjJ jl jajjl 

iliMJ JLl* . 0 U,J Ljlj 4Jjtj] v_i*i b J[ o j> ilx*Jl Jiixi ^ 7-1 
ijjljJI ji UJSj t (deg) oLv^jJL 0 ^Li ^S*j . <—!jl}Jl iJ 1 

BjJljJli ■ (rev) olj^jJL LyljJl i-Suj JLI1S 360" jiliJ ijxljll iUlill 
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(Djilj j iijxll) ^Ul Jdill 



M 

: 7-1 Ji- 

v* «*-*> ui->j 

. 44*1 i^jij 



: jl <Sy ijjj jilSj io»iyi <L»L£JI 

1 rev » 360 A 

J-a^ 1 i-yl})l ji I Juaill ^LfiJU iyljjl ^(U jl y ttO ILJUI 
yA 4 >Jj j^*Jj . jfll UyL, LLiUI siL* Okiiy jij I 4 ^J»J 

jjjJ L»$ 7-2 JiilL Ayljll ^jLS J^ili ^LiJi 

Q lyljJl f£jl I s L*ji iiLi lpl> ILL $1 0 4*jlj 

. r <1**JI jLi s j» 4juJL JuJl ijLu 

O(rad) = ^ (7-1) 

Chj 'j-* • 9 = 2n?7r = 2 n rad ^ lj*j $ = 2nr jbUs <Ll£JI i^JI jl 

: j*ib^li jiirtUJl j$jj Juii< 

1 rev * 360“ = 2/rrad 
1 rad = ~ decrees « 57.3® 


l^jl jl i 4 j i»_i V oU 5 L |_15 i j . mi l Ll»)]lj objallj ol>jjJl jl J*>^ 
»a-* cU>j li| 4 JJi tLuj . oLtjiD 4**Li jbyi j*J0J V 
£-*.} ■ iWJl iJjLII jjxv otj>j yu "51 L^Jli luL> IJU ol*i£JI 
^5Lw ji —'C j-£* ^ ojl^ll l*., y^Li3 ^1 iJbtjUl J| obdl ^Jl ^ Jj 
ji jl 7-G ^ill lj*Jj oLL*Jl 

L>uX^ wLkxll j£j 4^jlai uX a JI bljjJb olLu blj^Jl j^Su jl 4jh,kA4 


7-1 jXyy JtM 
• <-mu Ujj Jj 70,0" i^jljll Jj> 


7-1 J* 

JUl-VI cjJUI LljjJI yy 
,i •<■• ! I UjJlj oU^l <Jju 

«y« 



oL-y 

a/9 

20° 

s/6 

30" 

idb 

36“ 

814 

45° 

id 3 

60“ 

id 2 

90‘ 


: ji oxj 1 rev/360" j 2n rad/360 ! ' Jj^*dl ^U* JV^-b : jtitii JVjiwI 
70.0- = (70.0d eg .(AM).1.22rad 

70 . 0 - = < 70 . 0 d» 6 )( 5 i^ i ) = 0 . 194 rc, 

12.0" j 0.0334 rev 0^1 cA^ oU.y Jl 0.210 rad iyljjl j^ 

W ^1^17-2 

yS'it ^iiyi jj Lb Li 33 rev/m in Jjljwj jjjJ ^jl yyyJl ‘bljk^i jl Jyu Loi^ 
<*k>JI <S^I iJl> J LSj . l^j ic^ JLsb Lbi tfi t ^jljjl 
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>ill 

UjJI Jj*i liili . ^.jjl jie i^yL o.Ij'Jll IfiL ik-yll itjJl J/: 

: iftjJU ik,yll 


Ljl^Jl ie^JI — 



t 


It )IjJl 

jlil ^1 


(7-2) 


oij^yij. oyyi Uyji ^ ( L^i ^*11 j_pji } w ^ 
Luii j-£i oLkjjij i iyii j_sj o^ts wi—oji i^iyi j-* w Ljiyi kjj 

. Ai^j J£J oljjJlj 



* » jJ 7 2 j 7-1 <>)J£«SJI j yUx-i^II jiiUuJl jjjj yl ^Si«il y* 

lliili Jj . 4»UI yjli* *M o-**) «UI y> o'jJ «M : 
i^Jlj yljJjJI f 'jt Uy ^iyi J^l j ^ Jp, ^IjjU ^Lfj'Jl 

J-« ^ J>> 0) Syljll 0 Ojiyi.b-lj^ . ol>'^l jJUJl 

ojUj . *ljd y<jUl, Oi*L*j j^i ^ oyL oi 0$*i ‘ u'jjJ' ^ 
AfiLJl yjUU jlj_)J ®L>JI J) lUj, but yjlitf aUol ^Sf. j ^IjJl 
i>J (Viy* J-oill jj yljjJI (jjP £J jL*J jiJl jL(i>“il jjj y lj*j i lllL 

^_, jii Lu Up-ii yi^j o^j JuC Jy iylj oluS Ji. ^yL>Jl o’ibUli 

. jL^I li* 

UjJI ^ ik-ydl AijljJ! «jJl 3 *mJ o* ^ JjWl a5j>JI <Jt> ^ LLu US } 
f—AjliJI ykxJl Afipjl yi LlWj , 4,jJi>JJI 

U r'-k 3-iMi) ■ Ui)*l* Ijt-ti 4*j-Jl jyjj )l ll* >*-> 0—»j ji Jj*lll 

: /ill* «jM ibjiyi kpJIJjtf . tfpli iJU v yJjl 
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(tylj J iSj >}\) gUl 


= lim 

it->0 At 


(7-3) 

CMj J5L> au, A0 JL: «LLJ! iJjUil J 

vj^ UoIp ^ ^ v_Jl ( j> i im u ^ < ^ ^ 

• J-«JI J» Lwj US jiJl ,> A/ i^jjl 


7”2 J(jU 

1.0 min ^ 1800 rev 7 -2 Jiili J> U^JI iUJi^- 

rad/s olj>yL <J»wyl! Ljl^Jl icjJ! j^y 

: <k-^l lyljll OjJl <Um & : ^ JVjJwl 
™ 0 _ 1800 _ 


60 h 


« 30 rev/s 


: oj| 


Mrcv/8 ' ( , 0 Tl^) -“*"««<* W0r»d/, 

,|7ra< ‘ V^yiS.yil^ l Ujji o>. _i~ Ojl 3 f : 


a ojijJi ii*j 7-3 


ajuo jjiai j_=iji j i^i a^i 


ji-iill •_» v ( -v, i,» , ^ ^j| jjB JjJ ^.u, ;^j| li4 

, i»W J* iM abtjll 6 l jSS .«o.jll J» UjJI y 

jl fL-^Vl ,XJ, ^l_3 j^Uj-UnL ijiJSijil j f L*Vi <Jl> j, 

. iyljll «J-)I *UI ^jll dull j!, y,|jn *i*jb * ^ L rt , ^ 

: **5Wl( >1 ^ jl jl ijJlj il*d ( Uli) a ik- jll iyljll iudi J ^ 


UujJl ojljTI 


|W*0» 

- (0,-0) 

0 f ( 7_4 ) 

t jLS IjJ t itto. c,jll Je Oj-L LjljJl fcjJI oU*j y ^|jj| iL*|| ^ 
O^ljjl U*«JI 0( Lj ^ J*j OjJaiJi uLu OjljJl, L.U, a Clitfj CU, 
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iJljjJl iolL-dl JliWfl ^ 
. 40 u*ii^^jij 


( *jilj y iSjpJI ) £jUI 

IksJi > j-J a <> fijii 3 . vii J£J <*)U)i o>sJi ju»; ojijJl* ^ ^ 
jySi kij^pv 4-i^JU LLu / oj^i (*->!► iLtiJl tj y^kiJl JlL Ljl^JL in y«Li 
Lyf j-ii^i j_* yjj i Utfj J_£J LhISJI ^ Jl*j iylj jjjj* djl>^JI 
: j ^ t S II ji t oa>j ^ ^IjlxLJ 

Lll«j US i 4,jlj)l <Pj—J( jti (4lilj j ukiL <Ua)i oJIS lj[ 
j»£-i < LL>JI iS'j^JI i!l» j 

W-i(0^+^) 


7-3 Jti< 

jj 240 rev/s ^bj J JJ J-5j o^uJi <> jijji ^ u** L 

V LjljJl LfiLxf U . 2.0 min 


: O' pUi : j&U JVjSJ 

w, =0 = 240 rcv/s t = 2.00 min = 120 s 



t 


: ji Jl»o ijjljjl 4 




(240-0) rev/s 
120 s 


= 2.00 rev/s 


130 8 J—*j ( iiillll jj i_Lw 4,jljJL ) *1>*U iyljjl <U>Jl jlji« U j; ijtj 
. 1630 rad/s . 4 jI>VI V jjiUl jj LL ■iL*J \j 


OjljllfcpJI oVjU 7-4 

UiiJl 1S^>JI ollU* jj> 4,141)1 j* I^S Ijjj JL* ji j^ll liSjji Lwj 

a l^_>ij 4 V -J to ji LS . UkSJl *S,*Jl ^ X jtli3 iyljJl XS^JI j 0 ^Ijlli 
»jj 4 a j i; uljjkj jjjiliU* j^JjUu, a j to li»jj> Lull .dliS . n M u 

cL>>*Jl olj 4_Sj>JI o'IiLaj J_S ji .J j lj-* j_« , 4*il*4 \jyj ULwuJ Lui 
iJaxll 4Jbfc*Jl oO i5j>Jl 4)l> j l4jlj*feu ijyj) jJli J* j^Siu l*&Jl Ojljll 
. ( IJUJl 4MUeJI ) ^1 JjXvIl Twjjj ll»j i ialilil 
Lyp Li J_S ‘ 4-ijljil SJuO> O^jL* i>L* jjj JUa Ou-J 
. 4yl)Jl <5>JI yu J l+Jvli, L, i^lxxll l£j >JI olj.*- ji 11 Lu 

4-i*Sj l^^JI ijLt 0*l(jl« ^ Liui JjJ>L JJj jl J^aiJI II* j J ys) 

4jx>JI IS^pJl JiL»j J> jLj j^ll 

, 4i}lj)l 15^>jl JiLu J> 
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(^IV*WI)#LJI >J| 




s* vt 

0* to/ 

(17-5) 

v ( = v i + at 

G)^. =co. +a( 

— ) , 

(-7-5) 

® a |K +w J 

(-*7-5) 

2os * u'j -u* 

2 u0= (0^ -w 2 

(j7-5) 

S» l/. / + I a / 2 

w, *+|a/ 2 

(-*7-6) 


7-1JLU 

^ U 18.0 s J^U oji-ll jj *.1**, 3.0 rev/s <1*, ^ 

V ujUl Jj »til *M Ujjjs ^ e (3LJUIj U^fc 

: ^iki* jvjcl«i 

' * s 180 s ‘ UjL *l V>IWI oU^IIj fllUll ol^SJI ^ u ; Jlj* 
jL *' p vi Ikll. t = 18.0 11 ny s 0 s t O' = 3.00 rcv/s ^ ol^Wl • Ll>VI 

. 8 j a 

• >MV tfpJl c/fcUi ji : Jl^ 

. (u ( 7_4 UjUi! j a 

“/ _a) i 

t 

t-^i Uj . Liji> i-yl* a jli |J Ijj (7-5) iijkll f Uia-| ^ 

: 0 jl^)) (-.7-5) ji (j 7-5) OiDjUll j^i jUi.1 ^ 

j* W <JMI >U21 m)IjJ»Ji 

: ji i*J (->7-5) iljUIl f U>0L,l . iU*JI ^ ^ jjlji 5 ^ ( 

(0 = 2 ^ + rev ^ = 1.50 rev/s 

</k JjOu (17-5) <UjIa 1I 
0= w< s (1.50 rcv/sKlfl.O s) = 27.0 rev 

: (-*7-5) <JjWi r Uij^ 0 jL>J Ui 


1 


















(j ) gLJI Jrftill 



0= (3.00 rev/H)(18.0 s) + j (-0.167 rcv/g2)(18.2 h)* * 

« 27.0 rev 

a ijLil l>wi Sltlj* Qit ]j>^ 

. 0 jU*)'(j 7-5) ^ i>>'i.wl ; Jjyi 


: 7-3 Ji-1 

L» J—6 j ilaLl Jjjj Ui^ 



: 7-4 JLi 

i—it wi-. W l Jc. till* j j] kii Jjli U 



M 

: 7-6 js-i. 

<t j-mX( w <-*jl j!i it L—p y 

ji ■ v r ■ or MbUil Lk v r <*JLa# 
ijJ-Ju <0 J y >J «JV!i ij* 
. jjijX 


iwUIl oLa&JI 7-5 

jpjSl ^1 p dxp rj>Jxi ji 4*1* (jjil. (JukJl 5j5u ) s_A< Jk 

v> lUlj k oki. uSj-3-^lj Luljjj L-uIjl*I l ojyi ^ J cLj*: j'JjJl 
u« iiXJl o> Cm . jj CH-i* <>H iW *) 1 J^! j* u^l 
, jjtjJl o-Lill aJjUj j*} (7-1) DjUll 6 ^Ijjlj s uk>Jl ,>uiLJil 
7-3 JiAl! J! ^yi Jj ^ 

uL-ll ^L-J s U*aJI 1+^jj; ^1 okkJl oLJI J J_£J| li* ^ 

4-S^I Chm *^ £ J ^i! o* li* ■ 4iil> jb <Lij ji Ipkij jJl i^ui 
O.L* jUj-jl J* <J>aJI yl_0 J L1LL* , <JLa 1J iiLsJi 

s_j_£ 1I Jj Lj_vk li| kJj ijlt 3j^Lp . i.i.rti LjljJL 3-^li* 0 **■/> i s s r$ 
• <-i) ’<k^ i+fLi« ii^U JUa J jjL, 7-4 jlill 

>_iiil iiL> ^Lc iujJi Cm s >jjj J jk wiiL 0 UjjJ Ljlj 4>ljl cAll CiIjjj^j 
; UMaJI ji>J o'jlWI £*** k ^jj 

s = r6 ( L^l jLk e ) (7-£) 

Ltjkill vi-«i <-li* 6^ ji <-j*j. Li'iUJl «i* 0 O' k>V 

• cr'M* (7-6) $ 

jj uIaII iJj£Jl giy Jsy, J^IAJ JiAaJ 7-4 JiiJk 

(jic 7-3 JiJJL Owijil iI^aII UjJp t Jlil^ , iluu JsukJl Jji» 
jj uM' J- 1 *" Jv> jjJl? ItfJli 

jljJil C)L-ij <Pj-JI jljJu jySi C«sR>0l 6^^ t> ji . 4P^ cjyi 

LiUJl 4_ku jl ji Uiip JLL«. <1 m]i «i kjili iiu ^l> ikii jl 
jA—UJ > 4_U*Jl ji vtl*l) ^Lm oLj>yl j J^aII Qa jjiu Lilj d^aju 
jl -Ni Ci^ 1 Uaiill sj^J v r If-LI I ic^Jl oLJ Jt. <ku jl iS> 

. <JLaU 0) i^jljjt ipjjlj V r L_Ll fru iiXc 

t 0 jljiil iiflrf *£j*> *7-5 JiuUI ^ y51]l jlj IjJ 

L&J 1 s-uill jbi Jiyai r & 4 > 4 0 = a I r tii^j , at = 011 Ojljll Utj* 

', jJp J—i>jJ 6 ) <J.'Li y 4 _aLl)I SJ^j 
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(Sjib j ttpJ*) *»LJ! j^iJl 


(0- 


slr 

t 


*1 
t r 


(ijL*,! y*y 17-5 JSAJI iej— j\ji» j-» *1»0»- «/< 

m oyyi itj —JJ DjLaII »j_» j'J lli»j . A UaJul) v T 

: ji i tu= v r /r 

4-Oil ifij-Jl jIj* 4 = Vj> = cor (7-7) 


,^1 liLi! Liiiw *44j . tijbill (Jua 3 j»y)l *OmJ U*l t»j 
jVjJI |»jl& ,v T = wr Ujljii Lul Jy*i W--7-5 JUI *4*Jl 

<LSj»JI ^ Lilt o^k ^ (7 7) iJjUll J (jjJ ji UuS0> j-*,}. *4*11 
• 0^1*^ £k <•?'■'011 *jkiJl 

Ojljl I if __Jl Xjjj LiAjjJ 4_>_^ Lai I U>aJI i_5_4' 4U o*S <1)Ua 

*_4*ll jl Ju»0 (7-4) iljUli JOju-O) . OjjkJO v r jljjJ SjSOJl *4*U 

: j* « W 



j'i IJ»jj . t 4-OJ* JiL> OjljJl jj J **jJl jJk ® f -to i iu> 

: »jyai\ Jfi *juUI o)UI 4^ 0150,. «*v r /r 


p iy- u n 

rt 


-or 


. a r 4-4il <04x11 jljuL* j! i 4-Oil 4_pJl jljJu ji*J JjJU yM *tU- li-* 

; *j%JJ 1*4 *jj^I * 4 -JL Ljjjj u-j- jl ill jlj **kj 


a r *or (7-8) 

kpJI ^k *L*j iil jl *>j>jjil OjvaJI jSjl *4^’ <4*Ji ^ Uui »aj 
jj jjJ-wJl JjUM 4-10 4_LaoJl \J~ij*j >i tlDj oLij i ‘ l 'A « i! J* • 

? H4JI ok j 4-011 kjJl - ifijjl 
kjjlj *>lj]ll ji i> <li jaj (7-8) ; (7-7) i (7-6) cAbUil 
Xju jk Jilj A*Lyj i jlljJI p-CfJI yi* Jj>l j] ilsil t> 40>j' 4»*JI O^Jlj 
iL-Olil j_>IjJI p—*>JI j-4 oiljJl kiiJl ^.. . »»> ol* * j>>- i> Osil JS 

. 4S^>JI ir*^ y* *+4 ilj-il 


7-2j^» 

20 m/B JJ ^UillO ^jLujj 6^-J* 0-* ^0 cm 4J^c J*> ijO- ij-fi 

. o!jLx*J* 44*^1 <4jJij *4'0 | H 0^ 
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(*y lj J* ^ 


I ^laM» JVjuul 


V oLLJl OU ; JI^j 
o^Jl JJ iJI— Jl y*J j^ djjs . OjU-U y»iJl <M :Ol>)’l 
• uj-V Jo^ J! M o“& 

iiJ>^ LfLj j£*j JuS OjLJJ 4ak>JI jLv^J jjy Jlj* 

? 

4_UJ! ylj^j iLJaiJf U*Jl ,^_i; ^_*»jL—JJ LliJl 4_U*Jl , <ul>Vl 
Ojl)ll ii^Jl J v 7-5 J-SLtJlj (7-8) j (7-7) jUbUll . ( JjjJjJi j 

: jjU^UJ ILL oLl*JI iujjj 


: OjL-JJ aJcl>JI <l>oJl 'itl A>vi j *UiLu}Jlj J>J ; 


'’Cl^AMhdL =Um/el 

T t 9.0 s 


. j_jSJ <1 *aJI jji Ajlfj 

" = ¥^- =5 ' 6s2 - 56rad/sa 
0.40 m 

^LjiJL i jMt <UwUil <u*SJl jl jit i>lj^> Jjy tji) ji ^jt Ji>^ 
• (7-8) * (7-7) k (7-6) oVjLaII ^laiuLwl ji Lu*«? Jjjtj* Iju&. 

; j_j5J ^i^jJI i^jljj* <jsj—J l j| Ijiioj 
ffi = a t u (5.6 ra<l/s 2 )(9.0 s) = 50 rad/s 
? 9.0 s ibb- SjljJI o^>p jj J$ UjjjJ jOJl oljjjJl jjt U : j jj*i 
.36 rev : U*)ll 


7-3JCU 

Ji—il JJ £j\— jjSL-Jl j« ijuu JjtfJl jl 17-5 JSLD4 *^15 i^N ^ k>"^ 
V 3.0 a juu Lpljjj JiM U . 20 cm o&ll Jo& JmJ jlS OJ . 8.6 m/s 2 Jjjuj 

: j&S JVjlU 
V yiSil jljjJv <k£JI <Sj> J*#3p : Jljw 

J_j-> aJiSJI J .«*»> jjJl JsjaJi jS k k_AJl Jos j* ioL>VI 

. jUjil jjjj Jilij i_All Iuaj 

? Ji-<i J] JlSLU iik>Jl JajJU k_i5i*U ijjijJl <1>JI jxi <j%Jl U ; Jli-i 
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(Sjilj J Jl) gU >i)l 


a = -I 
r 

? a AJbjodl# uljjJI Jj** : Jl}w 
; iS^UJL ^L»ij 1 4yljJl yt (jljjjll Jam !<Ul>Vl 
w=at 

: J» 4*>ja)I WiJltiLiiliilljJjJl 

«= 8 - 6 < g / ^ 2 - = 43 rad/s 2 
0.20 m 

A) = at ■ (43 rad/s 2 )(3.0 s) = 130 rad In 

. jaJi j »* jjljli J ft* 5 u* 5 jL>r* ^ 


OjSjll ojM <M 7-6 



: 7-0 Ji« 
jUL jl 4 - 

jr-^ {--*>• J 1 ■*—^ 
j^Jui Ifjfc j— jL_1 jUuA 

A )U jl_>j' jjSf jlju ’i 


, i_u*Sl j* jtS jJ J* Uijj jljiil tyiJ J f^ 1 J" 5 

I 20m/s jSJj 4 v jljiil Sili iij-u lijJb jLu y ji-JSjW iJU^I t 
1 iMfcijll jap 20 m/s ijLJI iij- jljli ji j« fijJlf 7-6 JS-J4 Jit* J* ^ 
. 3 Jum il** ^U; 5jl*Jl jl t jLil jLc LiJI 2 j 

^ LJ l*— H> «jJI jIjL (1) jA*> /&. O’ s j4*N 

( A ^Vu 0*5 ) Ifij-Jl Jjj-il) Ja* 1I *1**^ ^j* 5 (2) ■ 

j-J* UjJI oljji J vi**j . ( 4*0, jxt 4^ ) ltjJ\ jIjL >s) y*})' JmII 

^_j 5jL_J| <5 j> iUjI i&pJl jli i 2 £*jll Arf j* tW 1 

I Ch-j <k*jSll aJ**JI ji j* 0 d^iJi yJijtu jij . jLll 

: aWjJL jLaj 2 j 

- “jj'jj** 511 

jW«» 

SjLJI il>vP j'jl yL**J 

BjUJI iUjJ y o^jll ji Ja>^U JSjll jJu JjU* jjJI 7-7 Jiill 
jJj> aj^U x Lf5jll JJu L*lu * 2 ^i^il -v y J| 1 ^ j* >" 

joA^L- 2 JJ1 u-« ijM 1 t-Jl* oi j*J li* j* . Oi^i^i 
: jbi* »jUl 

( j Jiij}\ )y = - i> >0 = y, -Ky = -2u y 
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( SpJ ) £<L)I 


: 7-7 J1m 

jijuf j^jui ;jg_ji icjM, J Jb'i 
j-1) 1 <> l*JUL*l ik. -2w y 

' j—* J • J^?/l uw'j • 2 

jl i y y)Ul ♦LjJin J J& 



v i 1 = slv y 2 J! 1 1 > 3jl*Ji oy*j ^jJI ,>jJl <jl» 
i - j —* > j • ^ J! 1 tM s j IftjL* y ijLJJ jlulli iiillJi i^Uii iu^Ji 

: ^jj i i-i-aj ^Uili uuy> j* i 9 - sir yl 

* = 2r$ ji 2<f)~ — 

; cJij . iJUJl sjj* y 2<t> UjjJ J^li; s jS Jjj 

f,£ a iii 

i> u 

2rd> . , « 

■ -“- J* J^l l>jjl Cljj ~% U y )* iSj-Jl y _oiili (jl (jj! flu 

; I3l»j 

_ «jJly^l -2v y v y 

jUi ,>jji '17^77 ""7^ 

• yij t Vj. ■ i/ sin<£ jl 7-7 Jilfl LiiiJj 
- i- 2 sin tf> 

“ = r 4> 


L* (jSJj . 2 |V 0 }ll J] 1 ^>jll (jj *Lii iLL^ll *Ui»i^jJI <LkuJl y »ii 
<Jaa)I jJLt i A JJu LkL o 1 J-i* a c^k>JJl LL*jJI y Ua^ 

sin«/> 5 </> , lju> ij j -ju o Jj J»«u y> (/> J^lii itLuy IjyJU <^k>%iJl 

j> »ll tx-»L> ^ 1>' | .il ) 1^^-LitJI u - ai ij-ljfiJL jjjit 3 ja«-* ijjlj </> (j^Su UjJrf 

: j»£j <L>v*JI ; jjj i ( ?u>uo li» ji jj 

i> 2 sind> v 2 4> v * 

r<p r </> r 
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i— jt • ji>Ji ^jiii 
V-W >jLJ ■ >*>& Jif- it vfijlj 





: 7-8 JSu 

j-i *>-s» Jj-Aj It itddi tfcu 
^JLuBJkillija^ 

. jiuldl 


(Ipb jj 45 _pJI) ^Ul JrfJJl 

d* M J 1 ^ £»i ■ A <J*Jb ^ 5j ui ^ »k 

Lf*« , aHSSuijilJ ^Uiyiiiili^ 

jJ6 JJ t Jj^sD lit c a ol* 3 l J £& . iUoJi JO* oLkOl jL*J $| JjUJJ 
O^j • A il&ll j_k Av » -2v y yi j_>J 7 7 JiiJb ybo-^j Av »Udl 
‘ y jy*^ *> ^Ul ‘>»JI »t*3l ji A Uaiili ^ Av ji iJUl lp)\ 

»Lxi J*£j A o_k ( a L^fj) Av ^Li ok, . SpiJl jS> .1*3 jl 
A L5 « ijJljll jJt L»jli>J <_Lu ^1 jjSj jl ySui A iUJl jfl, . i^ljJl 

&*y <#» H>lliL-l Oji fi Cmj . Ujliid <Lu jl ,y J>a jl ^Uil 

^ £■*«* it 1 * j^j t LU f Lt ^lau ^ oliJL UojJI ilk gj' 
: Jji3 JjJ iVjjj . Sj5Ij]| Uiiyi 
jJb c^^ro^i J-«j j^lj jU ji jljill iulJ ji 

) a c itfJA JLjl*JI 5J>xII ^ iUJi to* . jijilJi 3 ^^ 003 ^ 
:>* o- jUU^(. 3 ^ 1 6P4l^U». 

fl e =^- = co 2 r (7-9) 


. u = wr iitoUII lkA*u kiu» 
. 45^)1 tl*1 >- Ji* Jk3 ^ ; JILu'il J*u Jwu a c <M 


1,^1 LjWloji)! 7-7 

k> Uj»jl y-* Jj-** £,i f_L>J J_jji Ij] cji ^lill ^ 

jL« ^*11 u.Li 4J#j . M 4tfk jtyoi-* ffl~ 

jL-lf ^ ciljxJI V*~s! iyi yU ^Jb ^ ofj ^ 

^ <J-> jJj 7-6 JUJl ^ jjJIJI jL^Ii 0 15 |jj t ijj . fdiUi ^kiJi 

L> J jLAil ^l> jjjj jw i ; Ul yli ol^l ^ L JJr i)l JLSa> 1 '| jy 

7-8 iL>w»yll ij_5Jl i JJil^j ojilJ ^1" ^_.»: . r 
(i b • j- 5 ^ 1 ^ J m /fib o»j ^jiijji UjL. 

J^l fi * 1 - 11 j -^ 51 jL-II ii-b Sjfll uji D <JaijJlj ijiJI )ijt Jk JsuiJl 

. JjilaU ^LIlLiJL 

jj_ijl yL> j)$4 ^ I o^Sjll ojL»Jl iJLf^)| p u ^| ^U; ^ \'^ 
j!— J J^l p»J| J Jj . )U Ij jU j m d35 p-* ki>J Uj^l 
‘ a f = v *t r P A ^* i •jiWI jfij* o*3 pui Jjib 
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(“P* J P ) ^LJI J«m)I 

. (iplJl jLJl p ..i > ll o-iLil itj-Jl jljuu v j pi ^ja) r vlu> 
ol^J p i iJ*Jl aL-ol pu p ii »y p-^l p* py p V* <M #j* J*lyJj 
o*d! r ljjJL-^ . JIHIJ#- p* 7-8 JUJI p F ( oyil ^ m . spy I pp 
■ ^-ippl i>L—*llj t i—pLil bpill oj* jl>^J ^kv,', F m , = ma 

: iiMiJL U^ljiu jis\j 

F v =ma e -~- (7-10) 

J-oi i5j-lb jUa J-J i> UjIjL lf>j—« IpC* m cLi£ Jai>J opUl Ojili 
i^Jl OJA ol*jl . mu 3 lr jjLo Ujlji^j ; iyppi LjboJl ajJLM ^ r o^ki 

. spijJt j5jj j>J 

(JyJl Jl* <ij^pi ojL*Jl illi^l (> jjjaJI jju Lj Jjlii !j* 

JpJlj Oylj oljljB ^ Jj» jUlKl Vp* pJlj iL*Jl 0 * i^* 3 'JJI 

oLow ijjAwll oL*»*>JJ i^pijl wu_J pjl ij-pi'i]! 

Jl-; ^. bui Ji^3 i j^yyi Ljui ojiii oi ois* $, 

^PP* OjjL>JI oyil plj , ol>Jl J <6y LfJ jpi ji v»u ipl* 

j-^i »W p L* i JiUi J! spun >j Ju»; oL»oi p o^i 

ojL?JI SjJLU j*X 0 -^ uu 0 p* JJj** 5pijli y-LJl ji <^u>j . spijll 

5_jjJl oLi; L# J-S 'Liu, Jj-al 'll LfJJi p ^ 4 iSj^JI oLvjl p o$^ ifppl 
. ^«*>Ji pj> oL^si * 1 ®!-*" ifi' y* <^ppi ifjL^Ji 
: Ji Us* p-* **j* p* 45 yJi jjpb ,>^ 1 ; 

oi ^ j ,jLi » jfil iSpJl oLy'i iijlpl jl c Vn'-il OjiJl 

Jui p-<>JI 4^j> sbg J«i» ispjl el»Jl p# Jjill Li , ole JiiJl Jjp 

. Haw ole Jill 'i Lj-LS.j 


7-4JU* 

>Jj_xuj 8.0 m/s Lkjljo 0^jl<l o-?L j!p 1200 k{j l^il.~i5 5jL« 
oj-» P»» (_oa) jlS |jj (i) (7-9 J£i) Spij |^i ou* pe jLu p oLJi oja 
j-k '-i- 0 ; ^ py oi v-N pOI LiiiSl op I jIjju L*i 4 9.00 m spijJl 

JoLaI jpJl OujJl j* L (o) )' JpljJl jLJil yS Sjlpl lii>j dipy olj^l 
‘: iljLJi ppj U pu ppUi JlSui>^l 

I j S t a>A JY^luil 

V o*>LJl Jj> IpLLOl ole ojLJl <1 >j oi L : Jlp 
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(JybjJttyJIJgUI >ill 


I 


a. 



JL-kM o —*»jM j£*u ySl 
jy f A fal ft 

i_^ JjJJ J—ijJa)l lAjj £i Jty! 

jl— j-J »ji*j jai iijxi ys>j 
• JjlJ 



: 7-10 

jHfJi 4 —<**•» yi IjSH jjfi Uljft 
UiUJ ijUl <> a>* f4*s i-i>» 


: ^j* i^jSjII ^jl*ll <1 jkaJI . i^l>Vi 


v 'j _ (8.0Qm/s) 2 

r 9.00 m 


= 7.11 mb’ 


y Ji jAJ itplll ijUl jIA U : Jl}-. 
F-ma = (1200 kg)(7.11 m/s 2 ) = 8530 N . 

? J(5l>5ll J*bu< byjl aJJk AJ5k L i (y) »y»JU yaiA Uj» ■ Jl)**' 

jjjUl* o!jLL)'l j£yLA5ll JL5l>Ul jiUI j5j* jl y*^ 

oljUs^l y*j JL5jL>5'l ijj jjSAi oljU»"il oJLljil Ijl Ul . jUij Ajjly 
oja)Ij , 5ll JLii>'lll by (> Jit Uib j»» i J$j> 5y 

j» aJIaJI oja ji ^13-511 Jl5i*5ll by) jAJl 
f, (max) = n, F n = n, mg 

aJaj . JiVl Jt (8530 N) / mg jjU jly*^, li3U*)1j J*ll 

min/i 4 =--r * 0 725 

(1200kg)(9.8m/s 2 ) 

. CjUu 'i IjJA IxuDl j&) LfJ5 iJjUK si* j olj>yi yl 


7-5Ji^ 

jj_« yM L*5 r L/tJoi tjual u—ilj byb j-i iy> kJjt ji il»yy 5j5 
j; oiLi Ijj A A-kuull A ijSJI j^SJ UA J*>JI ,j JuiJl aA U . 7-10 JiiJU 
. ijjj'yJl oy J*y 51 V aLaDI .lib A 0j5JI AAy jbio y 

: u iih*jyjGj 

? A aLIDI A byill jlfi SjJjll iyJl j* l* : 

JL««I JJ mg 4-ujlxJl Syj Ua Lbj jty bj5Jl ^1 p jJp aIjLJI oja A . ijl>VI 
. Liul JL»I JJ T iuiJi ji xillj 
V A iLiill A bI iJI aI^a ^a li Jljw 
JuA ipij LSyA 3^1 jy£; A aJAJI JJ ojSJl Ja UA : Ol>Vl 
a c =u 2 Ir jj> aS>_>JI oA Ji-su a1>*IIj . u r 

. jPyJl 515 »Ujl yA J ji ' Ji-i JJ OjiljJI j5 Jt j £t A ikiill A_J 
? Jijil Ija ^(Ul j3yb jylii &{ki A ^ixi jiJl JJjUII U : J\y> 
'■ <jj! • F mi ~mg+T = mv i Ir 5^l>yi 
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( DjjIj j ) £jLJl Jjill 


T oJJI jji i P lr <g ciJ’i lij oi iiiLJi j^Jl iJjU* * j Jfc>^l : J>Ji 

Ol lyjjt p~4> ji ^ifi l—lib y'ji luSJI ft LiL^j J**i-a li*} 4 CJL 

# j-» J-* [ j^Ji 'jj-' Ijii £*J 5 J> <*lf Jy yl y£l^ "i <i£Jj 4 Jaii Xi 'ifj 

(ji J^ 1 J* jl*l J! J-u Lilt 5/JI jlji* yli i <Jtj , 4)U)I 
»i> <> Jii 0 lil Li. JijJUl jUl j yLS j> jiSl Js (gr) w ^Lu 
• Wl» tijibl jL«II I^jlj i JiJ JJ kbj SjSJi jlj i^L'i 
i^£J! ojLS Ijl s^jljJl £lj Jut j uiJI <jjJ yj£3 £)l i i>; bit ; JjJj 
. V Ujljil it y*/ 4uu)l jjj ji Jj*2 

. r-m 0 */r + W«m(»*/T+^) : U>?l 



jJ <-J>J 4 jau y-ljJ yfcuMi Ji 

J* ' >1 uA J 
<ob* * A ii-ui Jt 

j—• j <iU Ajjl j <lLu J 4 S 

. idlj jj»v' 


oLu>jil jjrf jjU! j^:7-6J^ 

ii> ~ » -ill ) —. iJLJ j£t j J_». 60 m ojki JuO j J*u 

o i J! 25 m/s LajIjuLi itjMy jl>oll J^Lu ii'jjsii >jL-> ^ > 1 m>j ( jSi"ili 

? J^w ji i-c(o ojlj jlu ? jLb ^i*ull lj> J JlSs>l iy 

I (yithU JVjlU 

* Jl£i>l ^ i^jjyll 21 **JI uJy Ji I »yui ^ L : J!)- 

**i»i iiSji LfJ ji i L*Uj vij cwi*) Fff ji 17-11 J5LUI y^ 

V iyLJJ jyljJl jLil jSy y*j 
? oyOl 1^4^ oLLfJ'llI jl j : Jlj«i 
yi ( w7—11 Jii ) tyLbJL yaLiJl j_>Ji • >11 ^JluJl J>k>Jl r^oyt 
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F,v 

mg 


W) 

: 7-11 JU 

JjL_*5j JijkJ '■•oic. 

' ,n i J-* ijil! i*S>4 

L^jUJl *—U*Jt VSjaII iljjj 

• W 


(Oyib jj ) ^Ul J*«JI 

4_ij(j 9 > * ■ » > i *j— ij U*Ij>J Jj If-U*' Ffi 

4 jj yl J* j,(*L>j'j|l yj** jLu>l ^ Ofjlj Jjlyk)' 

. ai» jSy* JtiH\ tLju’ll j* £)jSj L^5jil ojlajl IfiLxfc ylj AjIpj 
e Ji^ll la* j ^iUJl jiyi yjitS ^ »j )«9 tfl ^ ‘ Jlj* 
: <s*icj . fl y = 0 j-ljJI ol>JiU iuJL :<Ll»}ll 
mg = F s cos 0 

: jjj k a jt -a c =v i lr : jii*sll sUa'ill . F |V <<*> y^ yS^ 
sin 9=F e =Z2- 


? SyljJI p5Lll ^/iJl j* U : Jjj* 
• j*kSyJI »> v <Jj*j ojljjl jL^l yi** :iaU)ll 


oah fl, i># oiywJL; . F n = / (cos 9) : JjSl <JjU1I <> 1 A-iiW'jtW 1 

: J* J^l>u LilUl ilaUll y iuill 

3U“ t.t.ad 

cos 0 r 


9 * t “‘‘(£) 


0-tan" 1 


; yi JJfj r ■ V Jmi y£ yAuywJUj 

f_W»/») 1 1 „ 

[(9.8 m/s 2 )(60 m)J 


Jit L^ify-r oils I jj J±ll JL/i JJ SjUJI jlyjj Jj* lj >^>* <iHSl>^ll A p) IjJ 
, kiili (> j^Sl loilS IjJ J*ll jkl JJj 25 m/s j» 


JlSJ>l y oUul>jJI xtt jjU) Jo* : 7 ■ 7 

Bjl^JI oIjUj] y£ JlSl>l jyt-t <JL> jj jyUl Jill I ciilit y^’l JjUJJ 

y-^iJ jJkt Djl^—Jl If* Jj»d3 yl jSi* <Pj- jloL 0*.i . jjjUlj 

ijlfJI oljlLj ^Lull-Si JlSi>')ll J*Lm ytS IjJ iuLJl JjJsJI J *4 <*jlj 
4_>o JLSi>*il yl y*-J* ^5aJI 17-12 JS-kJu »wiu kji^ll Ij* . 0.8 
J^U i-**liU ^ J_WW JlSi>*ill 5y »L>JI yi . y.4^1 <jliL/l 

• J! “jW 1 
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( <y ) £jLJI JyftiJI 



* ^yilajyd JV jlu 1 

«i-* ytfLWI j>Jl ■ || > 1I ^LJl LkjJl fai O^U>^ll i>j Lt ; Jlj«r 

? *ui jisii ^ aw 

Ijuij c jjj ji»ail J#I *i'^y liLit By ^]3u ilL>Jl ai» ji ; 4 jI>VI 

v?-12 J^IL c»- 

V «Jiyi 11* jj f luS j* jjjxi v_iu5 : Jljai 

BjiN i-iiiSi c^Sjll JJ JUa ( /“cos 6 ) <4/. I+J f »yJi • bl*)ll 

6 j_a ujUI aixll ji Lpi o£jll o*>M *J*JI BjO} JJ jSy Im F v '^jmII 
<-4>H uj-* JJiS ■ oU>~y ,^*>011 J <S>>Jb •r^Jj o'—all ijill 

. mg JJ JlilL JUij ; JLi JJ J L^UjI ^44 ( /Bin 0) f Byil iJjl 




r 


F, 



of 


: 7-12 Jii 

a jiiUll J ji dlliit Jj*j liP 

■ Fc j fr* *j*i ^ 


-259- 











(iijib J ttpJI ) gU\ J*ill 


uljLj-J) Jlf— jUwHaI J^ilt J^*l| 
j-» 0 ,\ j 4—1' j—iAJ u4i9Lull iit 
• Jjjill ^ <4ilC ult juif ilLo.il 



■ jyW j* 4^ o'ijUl! L J\j*> 


: <J-<i^Il jy)l {jyj ji IUJ*J t LoIj 3 yt . 

F n cos 8 = niff ^ f sin 8 

: Ujljlt ■-u_w uj Ji SyJi ^jL> Ui 

F w sin 0 +/'cos 6 »=^ 

H 

V J^wdl jIjJLi Aj Lt ; Jl^_» 

ijtllj . ojLJl <U«1I j*k*)l Uj*JL <PjJI jljii j,^ : 

■ /*l J! 4"** dy ji Lpiu f j£lj , jtiZ ji j5jU *i( 
V WjJl jliu 6^ 4 ; Jlj- 

: jlibU* ; CUV! 

F s sin 8 +fi,F N cos 0 = 

A 

) 

F n con 8-mg + n K F n sinfl 

: F n ^awJ jJJj iJjUll <> i JjJi 

Fi _ mg 
N cos 0 n 4 sin 0 

o miw Jl u-uJ4 4_U y Jji\ lljlxll y iuUi j xfj F n yP y«e>*jJ4j 

: ji o»j 

mtf(flin 0 + (i s cos 0 ) mi;^ M 
cos 0 - n t sin 0 ■ R 

jj <Il£ll jl Ji»')l 
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(SjJlj jj iS ^xl>) ^LJl 


2 mR(8inG + n s coa©) 

l, " l# * ~ coa 6 - ain © 

; Je, JutKi ^Ul Jliil j 4*joaJI ^ Juyi ly 

_( 9 . 8 )( 60 )( 0 . 726 , 0 _ 649 ) 

0.686 - 0.582 

: $ 

v mix = B5 ro/s = 310 km/h = 190 mi/h 


^b^L>jU^I7-8 


i Jir& d* J! y*^ u°*i ^ 

jJlC SjLJI l_uL* J) iji/i 0$ 4ii tf)L- 0 *iu k-ij ji yJl* yA>d jl»i j 
oils li>U Uaia ^Sll ijill o' y**-d' oSj* J»J • owJ> '***^ ^y* 
y*_>n £ikJL lj_» cLLj)' j_iSt> «o-u ijLJl oll> J| Oiji l+li <>jol >ji£ 
lSjL ^ JUj> jJ jjSUllj . sjlj-il »l*3 i ^ ■>>*> * * ‘b» 

, Ijikij y*xiJl II* j&i yl yj] li» jj -ui^ f/i jl 

i>L*i jjlj_JI J3 jj ait Ojli jj <A> j}4 ji yJ yAiwJI J*i> yilj 
yS^ f LSl J! «5>S 4#^ J ** • U^l *>*' W ^ " 6J ^ # M Wj 
^ j-~ ■; oli oLti Jii3 lioini dJil . L» 3y G$j> jyJ Uait Jsii Jit ji 
ij^u lyu oit jdilll jj-i 5jL-3l y*W> 5j+>i law Ji* pi**11 J| 

^*1^; «L^Sl yl yp yjyl OjSi) Jttj Hj y*J 'i»* . J! 0* 

LfiU^j 0^0 oy Ifdt jljj y* JJ <Syxl 

yjj dl&>!ll £>J< ll*j . yi^jt ,/d* Jj> SjW 1 ^ 

yj_S^j . juii-a lx* ji lf*S)> y* oljlflllj yJyUl Jrfj 

. lliyD JlSa*’Sl iy) "51 \£j 4 > a*iil Ju x’i . i « <j y-JU ,>»x-] V-^k V 

<jS J> Jjju ^lv.,*> yl (> jm\ yA»»dl lap &! Cl'* ^ 

SjU-Jl fdwu o' J! d> jj jl>>w ^1» dial jM*S—d> j 
. ijLJl lw jaJI jLll y-il J <r+* w jte* ^ /ji - 

djjjlxil 7-9 


k I^lla c^S jLu y is>»0l <li*i 0* »J>'j y-J! ^ I / Jl ^ jfW 

. 0)ji i-»yj Ji> ‘Ui*Jl om ydSU iiuii— oLljj oi» <d!Sj 

Tycho Brahe ^ £ 1 : ^Slyd'aJ' ^SJAl' ^151597 1576 ^UJ' o»» 
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‘J* 

1 lUJ- O l *jh 

■ 



:7-13 Jii 

j—• '—*•»»' y—Jylij yj^jj 

• JJ**H (J 0*A >Vi 


(»y'j j> iS^I) uUI 

• ihS-*J' j yiljSJl <£yxl ^ 5 LuJ| J*ilj jj| Jj'i.n'j 

UOly £j> } Johannen kepler yl»y *ULuJ ^Ul»j* Js. 
oljljJl $i (>*j 3 »i-» . 1618 - 1609 flj-cSl J)l> H^S^SJl <5 oJI 

£* T Jj» kjS^ill jjJI ,>jjl ji) I Lfi OjJIj luSjill 
; R ^vf vjSjSJ! iru i_ixij 

Tt«Ri 

. vlJUJI jl(S ju'li iLUl u%J! Jyuj 
j_Li oL-itjj ^oLu COLS’ jitfi ^Ul OjiJl ^ jjiU tijy o^ LjOpj 

r-*^ jjJl J_»jll o^' 0% - 0 o-ll* 4*SjSJl <SyJI o* Ou- o*} 
J) Lw - tfyu jOly oj_jl^ ji . lij^yw j*j j5y {! »_iSljSJl J«L 
Ch»>H L>vdlj JjjUI ^«»i i Ay) I [yp, oDj 

, L;jl>Jl 5y U*l> JLui'M 

Jlj 0# LLL>J ty JL* o' Liki* jIuLil oOlyil tit «U;« 

^ y<Sj£)l Ink'll 4l>jJl uuimJ oyJl jjj» of) i wjSjS 

; vtlSl (7-9) UjIaII Lwi*j t F g * ma c o' *±“* 1 p jy . AjU 



jl i5jliii o-*)J' o' j*J**li 0 Jyj iiji»* illiS. ^Syji ibS m p ‘*<^ 

: O^i T ijjJl 




J 1 - “A** 


: Jci*j dJUJl ^jLS jyli ii^Wl DOB ptju) 

„!««!, 1 

R ! R 

,yJ' 5yJl ^i ^ui„l ols^WI oi» JS 

; ’j^ 1 J* op O' V-* 


ijjL-a oyi; jJjj »-iS_yJl O' o 3 .)^ J*^ <jyli 

ch-*" Oi!-^ 1 ^ o' v^m »yJl ji j*m jSUill 11 b , (7-13 Jis) 
' d j>^' jk oj£ o' L r L ^i »y" o' J' 4 *vo^' 


m m 
R p 

R* 
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j.ifcfill <llS m kluj 





(Sjlb ji iSj>J \) wUI JjJJI 

I *->>j j-*ill >i >i> . x i j-l)t L_u.’l>J' ej jki jl jJy*i 
LjjJo—ySl 4_>liilli ) pi i_>.Sli J»vL_/ Lcui 1 1 ii .i ~ ( o/y' V Ll>^ ) 

pli o_-»Li Lu_j5 iyi S 3 S jl wliiS'lfy , g jiji\ sL*i ( oli-« 

. i^jjtxl) plujt *jylj ji tfjLJl ‘till'll p i** i i jiy 

j-i "kS> jLi r jj> m a 3 m, LaViLiS j£»lbik j«/ j/j* j« iiU 1 Li 1 , 

: Ujijii 0^0 o^'il y»x>J 


F-G- 


(7-11) 



oSn 1 >iJj ; l^lii lfi^i /0 jSb*i G OjibJl Ouli UJ ji j^jJL j* 
pli j-t Jji Henry Cavendish 6y-» jbS jJj . kii Oj>i)0 l+yu 

( 7-14 Jiui ) ji^jiilS j*~*j 'jlf> U ■*■ » ■»■■ » « 1798 pLe Uui jL^I 
lot* j_*jj lu> / jlliLu ^oil^ jlj*» / m jUULllI jUii£)l 

jiijOUtfJl jj-iliiJI j_» jl^jiii d(*»<* W jjij^SiJl j *^ 1 4h^>j . jSjIjSJl i> 

iyUI uijAJ jlfxJl BjjIjujj ■ *!/• m 3 A/ j# ojl*lJI Jiy* TO 

L*i j_« M 3 m j* yjljjl 03 J oL*> ji»J j*w ^A*J i»)^ll 

^•Aill jjj jS^ ( Lf*i*> 03 k* w % M * r k F jl . 4-iliil ‘'yJ 1 
jjS LLJsj . G xa>yi JJ Lfl> pJ (7-11) UjUII j lyUJ ji 

: j» G o^jL^JI o^tt) ^)l> il/ul **$1 o!* 013 JI / i>Ull oLl,fi)l 

G = 6.672 x 10- 11 N.m 2 /kg a 


7-4 j>&>y Jli* 

LLsliJl iiLi! oil S <tu*j jJjj luS 70,0 kg JS illS jtuiil* jli/ oik 
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7-15 

m Uji ills J* i jJjJl ; > 


(iyljyiSpJlj^UI j*i)1 

<>* J 5 bjy ^BISJI urfjl*Jl oy o>ji . 2.00 mm bn 

tfjfl i 


: jiku JlljiJ 
: (7—11) iljUil; ^lilUl wjl^iJl sy ^Luu 


_ (fi.67x l O' n N,m 2 /kg 2 X70.0 kg)(70.0 kg) 

(2.00 m) 2 

= 8.17x 10"®N 


OH V—I' Ojj **!*) • mg « (70 kg)(9.8 m/s 2 ) = 686 N y ^1 j* JS yjj 

: ^ U*i» ji ojjj oy*^ 1 jpU ijS 4 j jiy ^yJl ^IjUuJi wil^oJi jy 


jr , 8.17x10 8 
W 686 


1.19 x 10" 10 


kii L-yov o>^ i^yli UjV jyu ^BttaJi v ji*di jy 0 i jj ^ 
■ « eSii » ilsJ J5*J(I Jfi iklilll J^ll jj>J ^SJ UjIp 
5y v^N «J*u> oly Li*i jjj . 4*1* ^ JS wiau iioS jli lib, 

(i*. y*^Jl (jjj lyU Lillsi ^yji mg n*.. ij* 

^jS'l 4^ y-» y/JLf i> y»JI Ly_Jl <U* y,U 

. fU)l A^jl^ll Ciyli ^(AkL.0 g _yJI JjyJl *Ui jjuJJj fil ^ lii£J^ 
. <ii yjill; «i ^jSl 4aw Jfi m Lfll4 iJuS 7-15 JLiJl Ji*j 
u/y ^ ^ yijSi as >Sy o' j4^i U4* s/>/ii 6 f 
lt* <1 fjiUI ( ^jSl cl^) m K jffiuw AiLJl ji ^Liil I •>•■<»; lj£*j 

OyU fUfcU# 7-15 J_lill ^ R s ^1 >i Jl^ ^ji (7-11) UjUII 

ji m ix>j^ 4* yy jiJl »yl< yi yjj jl>J ju e#jl*Jl 



iT^* tj* J' 6y> nig »—l>JI jjv <JjUII «i» iJjlju ^ 

Gm wt,. 


: yij 
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(ijibjtUjfcNlgU j-iJI 



(17-12) 


fL>Sl ^uj»J Bi»lj g uj ji ^uu Ijkj t o^Ai>l jj m aJASI jl Jib'll 

gLi ^le 

^vL_. jj-U j^Ikj m ajJA jjj ji 6-3 ^LiJ! ji U*Ljl 

x*i jJ* i JliJl* jjplj . M iji (17-12) LIjUI (> J»>^ y*/ll 
Jloi jli • Lii'il Joi juC }LJj AjiL jl tly*) . j^Sl b* i*-*^ 1 
rls-rf jJU >T JJ jll< j_t i Lul 4 g Ljl>J' aL>s£ ji 5 yi-a ciiyCal 
Si j/Lbli ojj-fl j>£ ji Jl u*/ll jljJ JJj J! LiUj). 

( jjjJL u JI Jlif <jj ‘■Ijj-l'lll 1)L> ifcf -UjLli JJ Jii 

l_j_SjS ji gkuj j-U ijjjujl daC jiao']! (17-1) UjUll ^jjjj ikfy jSL 


: jjj Jju R ^ jjLi ui f»ij m p <llA jj£j Lie 
G/n 

''“I 5 " 


( V 7-12) 


i m K ss 6.0 x 10 24 kg jl cjjJ* Ijlj i ILL alkali G ajjJ tlj»ju»b : jjjL 
. 9.8 m/st 2 jjU (17-12) aJjLII JLolL L>jUI g Li jl cyi. R ff - 6400 km 

i joj^Loj 4 juL> ji ; L> ._a ojjiloju 



A->l J Lilt'll j i il >S J_iel i*i iS jj> ■uaIjj' CiIjL ji (LjjilL jjltial lii 
jj ^Imj jj jj£i J Ijj L£ <loy git L o jl jL>Jl Ijjt LL^ji jllj j'jrt^l 
j->'b> Lt |>—»I jlij . ‘XjX> tJjtjj Alwli cu>j j)'' L5 i jl^SJI jj 
o’oj_-o»JI LjIjJ jJ LL 25 jj v_»jL L oyAti jij LiU>}U j^jAII u» aj 
olyljy jJ UJjL jj# L jLt lii! J j1980 ^l» J^Lao jSJj i i^jJl jjj 
tLjAll jLao Jj CtlLjl JJjJt . jJl>uis jt Jil Ilk jlj i ijj» 

. Lsaui 

jjLjj jAj i iiyji oL'ii LLLi j t juaJI jj jtluAi o^tii 'Jl>j 

v_i. jti Luyb j I Vi •u.iS'l elk ^jajl>Jl ‘LUI jt jljjiwL j^jSl cijlj A^jl 
4_ulJI 4_tlS'l JL-j'iM jl j_t ^ijJLj . A LlsW j) A^eUii']lll oiixl 

i-^t jl -Llj . jjL j_tl jj Akj 'll LljL Lli j-jj jji jt vJL 1* J! 

Ciltj -1 JslI jlj-xil \-u~u ^j)l aLuoII L^Lul olllxjy AjJj oLDI yjj 


Jj jlaill U.La ^-oAj jSL 'll /.ii»< I ^JxLlI jLJI je lpL_wfS Ajv>-ii' 


. UjJmM 
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( 5jMj J <5^*JI) ^iUI J-iiJl 

>L jj 'Ll) l+jl kD j*jj I U~uL5 <,|jU jj jjb jl J»i>w 'i '•!*>-> 1.1* Lite oil) l*J Lijill in^Slj 
j, taliJL IJ-ii b l ' i M jjfill JjiJl ji iljjjl yyJJl lflil*5 k IffjL) uy li> AliL 3jj Xfy Lu> jjill jj j5l»i 
Jh^ iijj ilji Ja « J>}SF f*3 • y f»JJl ) . lj> iSj> Jj*x, ftJ 

ki^lL>y <—LliJl i >**; jjj-*Hj . JL*I <-«kj l>Jai >;£ 3j^—> ^ LmLIi l*15Jj ULftij 3^4 j*LJI <1)5 jj 

. ( EjutJf ji y-yJ?lA» 

jjj , LIjUUI oLc*>JI iJL> j_3 j *i11 II* jlj UjXAi JJ I f i,nil jiL 'll 3', . ■>. *.11 ol«i.4»,|i ji yj !L 

:L» CiUj*-5 l*-*51» jj/-^ j-* j-*) • dljLjjjkJl jLii* ‘L j J#L»I JUII oiy! 

jj Ijjl IfJ Jjl) jl jjJ k> ^ otfj*il jjlLil jl L* » £ * ; ! > * ii*i lo> Luhl jLli) Sjlil ** JiUli oL-i*Jl 
j-i ■ *jLll i> lx*, <UL u*5 Ljl^» j4 oUj-oJI sj> JL5 JL JUa jj5* . U,Lu 
*k—» ^-le jj-5^ j* ^ >—iUiSJll Ijj* l*L jijSl jjiiy Li Lit 3jM_e Ll j£ 'll] y-ii) jl jii5L jJ ilt*ll 
Hi JjJ DUMAND u jl*-* ‘LL pj-i) iDlj yyJi ii*Jj . jlijLJlS LljSJI <*iS‘l *D] *iy\ 'ijj 

jtt . olLJjLU *4/^1 j-* • Jl*l* j* ‘Hi -L-. Jlui ijilS jtt ^k^Ja^LI 

jjj jjuL L*L JiJi Lyilt 

^ j#^i yj • ^ll ‘L o-* jt> j_^l» Jiy* yjlji jilj lilil* 216 j_« DUMAND jyiL 
L»j,jjj J-L li»L jjji Louj J] J^*jj i< jSl g cj\y>yyj}\ Jtlixi UjuL ol dJj . jji-x ry. j* 

jjLL Ljjjj :1*< . jLLill ^lc yy&fi If; ijlijll ai* oi^Dl oljLJiull LiiLi iijJktj . till J^> 

■ ^>*>^i - »>»Jb j“** «> < &) yj j^ 1 

DUMAND jyjii , cjuJ^JI t( 4_iL» oL>-i>>iill ^ jujjJI ^L ^lle *ji p^_%LII Ijj Laj 

JLj ^L i_}L«i^I JJ LL^ 11)1 Jj ‘ lijjjl dijij Ij_<j y^ LUl« jLLJi j_« oLLjkJ j iL'LJl Jlxi <LIc 

jJxaj IS^vvj l*ji> jle Hi ‘yjjl 1*1* viiA 'U j L>Ji jLti <-jLU Lli LjjlI olwDl ji yj i jlxjJl L> 

\jjjil\ ^Ly'Jl 

k^UljoJI JL>- ^. LyC JS J . ILL Jj La> LlLj . jjSJl Jt ij^ oiiD ^ jw DUMAND jj 
Ll*JI oULu^'bl |*-Lj iLlJi _ LI* Okiij LLJi <l*wS'Ij u* _L ' uJl il_^**jl o**j 4*SJ-^UI aLUl 4*SJill 
jL!l i_* OmI* jj *» J^4*LI ji Lil j > Uiy j* Li*5 111 I** ^ Ixuu* UL> j^Jj ji jjjS ^JLil jlj , ID LI) ol*li« 

. pUSl JJ Lk* fkll 


4j,U!a5j*)I 7-10 

. i jDI oljLLI ji Llf*j <4lL lyljjjJI <5j*JI <11*1 jlil o) 15 Lj 
JJlij i 1—jujjlLi o^jlj oljL* ji j4*5)l Jj* Jj*i> y5lj5Ji j* l»jLj jjjS'li 
jl*il jlc iLI jL’-j I1*j i LJi) ^ 5 jllj jLu L*Jj> ^kj'll y5j5 ^ti <1)^*1; 

- cLj jD'jIl l*Sji>l ^iJI yiljSJl jO kllJj jlr 5jV* . iJj>Sl ySIjSJI l- t il )> > 


, JmaJI ilii o*J olL^jJj objjl JLii \ Deep Underwater Muon And Neutrino Detector j* JjS’i Jj/J 1 ‘ 
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lUJw () 

'li IkJat* - IU^ tJJo dv^y d^J <^b . lidut- ^ nj 

IPc *tl IU^ to *(<(£> tlltij u_t^ JU^li Iltl^u*. 
s**L 'k^t W-V »U»^ ilt 5 ^ i^ 'I; foil* c^iu <<1 1^ *d<_ 

i ^Li^kg l|j Cju1> !U^ ^W |w^Z> U t l 0 laL^ !Lxl^ *\ ^dlL> l^c^j 

. »£J uul^ •jJiiJciJ lUdS ilg ocl^ Itf^e fl$Jc*-> IUf£j&-> Ujud 
'td^ tt.l(_« \\ s (j f m u.: IU*c uLJ JLL* ujl+J La_*e IUlxu-, iLUil^, 

^ ^ t^J nr t ^ lld^ : 


A s 8 —0 = IUxi—i Utility 

iv«4iL <U4<j 4t*o IIa)^ k« | 4^iu> dc<4. ^ ; 


(51-Tj 


“u to _m to 


*0 'U-^{^ii d(<*l* i^ ltl> iU^ ,w k l^ie^o «io lUItU i >u, r.r^ 
vj fclli !tu iu »d* w lld^ If utLtL aI^, £ILJi , wi^ clii l£ lti*_(_ ^2_^c iLtuui^L 
4*^0 4 Hj | k*k> kJJ ,'d dJ(0 IL Hi dutl^ IL_(4> lkl(J! U 

>(fc4_i ld^ lkl L A (uJ* ilk iJo iii.1^ w^4> Ijj Lly^ td^_ I. «t—i _i teL^e T 

’fu. io Ui£ lUlttf (61-7) ; 


(M-T) 





ill 8I-V : 

Hit* ltfJ4> (*h, 4« itki 

ujLJ i44> (ttildl^ tj IV^^u . 


H*t* it^i K*tK_« Ji4 Ittk_I* 

Llki*> (Hi* J4> i-yj i-ji tdL^J 

'Vl«k> • i*k' "t—J 'V>—k 
UHftdi w Ur t £2_ ll vL^^_i 
«i<.d «.. t*—G k^ k2-tc ii.i—^1 
fULlttl till. 
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( ijilj j ) £jUI JrfiJl 

v j_t . T *'lxrtv iitoUJl; Joju jj5UI jljil ^tJI it^j LS 

: c,t ^wjJ p T ijjJl *JjLm ^ (7-14) ibUll j* 



. dJljJl jJLaS jyJli jiL I jj#j 


7-8JUH 

J! * * J— > 4*1 *ij ) \Sf !•> jIai Jj> ^KOj^l jljL* £,i fjayu 

. J-J.JJI ikS i>ji i 1.5 x 10" m ojla3 uuv ( L j> 


; JYjlLkI 

V j^^yfciJl <U Sj je- jaji I jju \x>jj jjjl Ij^ll U : Jljw 

j^jJa3 ^jSl jjfi OjJjll »ji)l jiji* i_5 jJI jvli jjb • 4 jI*VI 

OJjLbJI <LkaJL :jiJl oi» lujj ,jjjl O^llJl SSjjJl ^lc jj'uJl {yyj j^LS 

• lAJ 1 * j J* w 

V iiu^Jl »if> Lfjlf J-ajO yil UjUII La . Jl_p 
jlc ( m, LfjJaSj ) ,^1)1 1^ _pj; ^jjl jl*JI »y> oUS jSju ‘Ul^Vl 
1 j**— i)H ijL-Jll r «lu> . =Gm^mJr l ij^Jl _Ja ( Lj.ll»S« ) 
|jSu>j LfJLt jifi I $1 ^1 OjlIjJl 'Sj» »la>3 ayJl o jjk also I 

■yjSjll *uil»Jl <U*ll jJ y ^jill OjSjil OjUJl OjiJl jjiJI ojl# jl jlfisl luSt*i 

: jijti 

_ _ Gm.. m o m v v 2 

F =F =—— 

r K r 2 r 

V V jI*j] JuS ; Jlj* 
jjjSl jlju 6 j*J *A* k •Ujj'Sl 4j_Jl J J) ^ : <yl>VI 


T = 365.25 daya 


_ 2 ftr 

r 


. jx»vli m„ w-aj (.' LwjJjujj 

: J- ^.o'yl J! ^ 'V* iiiiWtjJaJi 




3.16 x 10» s 











.. ***#& .UMtwk 


3.16x10's 

, iuju 167,000 mi/li ^5 jLJ jIhj 
: jUj] U^kll oj> 


m = irr/G 


(2.98X10 2 m/s) 2 (1.5xl0 n m) 


6.67x10 11 N.m 2 /kg 2 


2.00 x 10 30 kg 


4^i|l_)3 £j\y » 9jL 5 JJ ijli j» uy3*lillj J^ 1 oljUl J-J 

»l*j ^IsJl jjJu LoJ lj£»t i 24 h JS S^i jiji\ Jj» j*Si piy^ 1 »i*. ‘Uijl 
jj* Ljjij jifi\ jS ^Si jfi Uuli jJi> jy liiij ali dy-H -k* jy 
Ja jS’l Jt_> ^ kii*Jy LaJ Jy»Jl yiJl ;Uii ji U£ i Jo*ll I ja jMi 
V jlji* Uj ? j-jjSl jUi ii IJ lj (1) UijU' ej* 

‘ Jiki* JVjLuii' 
? aui oi» J^jbL>vJIj o^U' U : Jl)*» 
US* OLJtf . 24 h = 86,400 h ^ plill SjJ :^Jl 

. jiii^bw i>jjS'i iitfj G ^iiyii 

? jljJt jJ#j JUj T ju 3yll« iijU i»y J* : Jljw 
. jfUl |»-iJI J oliiile U jiJl cJlill )£ Or 1 * ^ U»j ‘ f« 

: o 1 J->« Lfjy 3 jU[ jaj (7-15) iJjUil jU»i_L 14jiWliJ>Jl 

r J _ j»2 

4k 2 

g (6.67x10-^ N.n, 2 /yX5.&8xl0ng) x(864xlw 
4k 2 


: y (i ) jljit jk* U<u O 1 * 

r = 4.22 x 10 7 m = 26,200 mi 

: oyy Ojlil U JI jljij lii . jS^o 0* ^ 

„ = 2g.^ ai ’ 1 ° , 2>. 3070 m/. 

T 8.64 xlO 4 s 
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Ji-iy'a 
ft'7 «H1« 
f ■ W -ma 


(u) 

: 7-17 JU 

dliLi -t-oj y jj j 

, WiS y«ii ^ i&y ^LmI 
. jurfuJt i±^ Jc dJj 


( J* ) £iUI JwsiJI 

J-u; pb >*j t «jlill ykik » pUJ 4^WI «jJI ijjjl : jjjC 
. jJ»J uJuau LLl JjLu ijlja jti 

. v = 7910 rn/n = 17,700 mi/h < T * 5060 s - 84.3 min : 4 jI>VI 


jjjJI (Lujij JjA&ll OjjJI 7-11 

l’ Jj- 1 -' ji uj*JI 4*U JJxl pUj.S'1 jl ^ U lyj£ 

j£j y . 4 Sj*USJI ok y**iU , «UUl J 0J*y '<±L, JJ \^Lj» j tfyja 

^ <*il*JI ii Sy cl uj>)l . <*ib v U«o<u jSii ji V,i kk 

6.L* JSlIy . f~*)l Jfi (jijM JilSsll ykJI 5y y ^1 ^k ^»J| jjj , ^jj 
H 1 ^ j** 11 Uv yij* j3Jl JilisJl ykJI oy y yijl ^k jj 
**■* <s*) ■ ij* j&- ^ ^k <*J>v ojk ^i jj ^IL 

jj >■» ^ a* J* * <wjWl 5y iijl-u il*i> 3y» p**JI ^k jljll Ukjl 

JjU> J3li kj yjd di. lL> l»jk . %*» . iUUJl oyll ok ud ^iljJl 
. f-*»Jl Ik J**J l^Jk 4»k o^t ji!l oy)l jlk* yE iLi>JI y 
V bkc <*jl*Jl »J jjU yyjl Ji*J l«Jk pjUl iyll jj* iSjL, 
Jj4UJI jjjJI £_Ika^ iLiI>'i’l Luk OLJ^ ^ ^ . lil IfijLk ^oJI ^ 

. iLUJI oyll ^Li JjL JUi jyj (jljil j»|yj i.-.l l, 

. J-*-« <jk m All^ jylkJl oljjj jiy Jy iiklil ok rlky 
jyiJI ji UyiM ^LUI (JJy; (jyLi (jlk liSL 17-17 JikJL Cwll a—II ^ IjJ 
lyiJ Uyj UJj ljL> tSjUi ^»aJI 1 ly-» J^U ^yjl jk OjjJil <Ll*Ji 
jjJl l»_kJl ^ akHj W JyJLj (<Jj ) ^*>Jl ^k By)ll JBOEJl oivll 
: ojl 7 p^yJI 
T-W ji T-W-0 

1 Ty*) • jj aJJI j-* J_^ jjLi| iJUJI ok ^jj o = 0 ^jfi Ujk iliij 
. W ^>JJ jjjJl ^ ( jlyll o*lj5) rfyltll jjjij 

0^}— 1 ^ H» * 0 oiLS Lilt IjJL- JA, JLijll ljj» 

^1\ oLT li| jJ*j . ^ jkk^l ojjJl ^ jylfell (jjjjl jjLkj T- W 
ujjj! yj-S*j Iji-J JkL- <LmJI jlj jlkll iyl* k-u Ji-I JJ ji ^ki JI |5yOU 
. uj yjjlJ GjU o'ylisJl 
. JLi J! UjUo Juwnll yj5* Lak w7-17 JlilL ^il dSjll 

• ji jy> jiliil ylyi <JjJli JjjJw Jk 
^-7 = 7110 
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( ijilj jj &) ^Ljl 



: 7-18 Jii 

M* Jllli lj| 

-Ij— 4,-Ai ,>>1 J-U. .Lul yi 

jy 0—uU Wj ) • JiM 
. ( UjfcJ »i* djji ja 


jujJtfj i ma jIxiL W j_i JJl i jUb O 1 ^’ •*’/} 1 j*U 1 ^ 

. W (jj Jjl £jL-lll Juusdl jj -tyty i*LlJ V*Jl* p*>Jl Ojj o’ 

W - ma UUJI «j> J Oj^' 0$j 

L«^f jl - l^li U»jL -> t»« -->i Ljl* *-t^} ’j^! 

6 lj W - ma ji £**>) . a =g . 4*j/2li itfjM iLx* ^ •^' <1** <Sj~* 
; kiiJl xiJl o[i i yJl IjjLJI iJL J a =$ 
T = W - mo 


T = m* m/? = 0 


£*-“* J y* 


LjSi L« ijjj 1 lj> U>jL, Ja$L ja-m ^ jjjll jj*i p?J’ of 
L J_Sj Jjwdl ji ±x*j . jlf ^ L» O’ W '■V ^ 

<_Lu ^lijiJl Ju yj 0* liy O’ ‘ j->Jl i»^a_Jl "<i>* jJlj yL3* 4>L 

jjju Jjj jl ji ( 4_1>L tj—1 J£j ) (W^ “^aL li’ **¥ ^ 

j-aaII Ji 5jJjll ilaLil JuJ’ j[> <&) ■ j^’ 0* *>y> j^ 1 iy- 1 ' 

JaA* Jill JxxJI J Ail’ 0^ 0’ ’V 1 ; ’j^ iS} 1 -* 3 ijf ^ ^ ^3 

. Ojjjl LjO> Jjuail J>lj Jj^ill fL*S< £M> )JM JjJ **i"j *>« p**” 

L_i_*y U Lojljia 4 -Lfc*J jitfl JJ -Ia-ai J ^U*)' Ojyi ol ,i *^ ,, ’ : 

, T=W + mu ■ ^ytii>JI Ojj) 1 0* ^ o£t 0’ 


V if jLaill ioJw^tl J ^L>50 j/IWI OjiJ’ of ^’j^ 1 si* 0* U £**■ 
liiL- r LL3l oli lj] 4 ^j-Ak ( l O.J . Sjj^JLr Jjh 

jXa3 jJlLij ljjL» jjiu ji OL>J LiaLJl vij-iJl £4fc> yU 1 ^ IbjL 
|^_> ItjL-. itiL-i LuLoiJI iyiJt cwl^ Uli <li J*j li» OjV’ 'Ll J ' fL^'il 
J_>b ii< oi-» 4 J*yi 0 ^ i^jjLaJl JijH Uiii ji i *L*5I J 

jj»j oiia ^ jSji* 1 «i*j. ojy 1 r* )±i l ’j> ij*- ^ r 1 ^ 1 ,ia 

jl yrfjSl " 8 >* ^f 3 *^5 0^ ’j] ^ J* j’ f^ 1 f^ 1 

Ojjll p# )*i 'j* ^ o!» 0 ^ pi Ji jl y-*iJl 

JiJj . lulj U>jL LiL |U«>J Jli* Jj> ^^’3 

jU»l» Jjjia JjL JabuJ . 1^1*3] Jfj> 0 * O^J ‘ ^’y 1 j b^ 1 ^ 

Jjjjt ^4 A>lj ,4M j^b ^jljll f—<fjl -Llj j-» \'j-> liji- WUI jl jSii • 

. cuiL*Ji jji y iijsH L 
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jUiSl aLiUSjI jJi ) . J ;i* *_ll oU J „*j<n ^ , 1^1 J 

JiJL j*-« JJjll Ij__»j . ( 4lU| jSL *iu»y ll> cl^l ^ LtfLJI 
■^•^J • ^L-J C-L jiLii Jjjij oljLa oliLJl liiljLJl Jl*jj , 7-18 
oiiSl i£j_JI hhj £-. Ji yJl LyJl »l3l Jtjjill Lu «UmI jl JSiJI tj* j, 

jUll ‘U>«l jli k jijH\ ^aJ jlj, al*j| y ijlS - Jjjili jlLl Li Ity 

^llll) Jjiill jjO; Jy» SJUJI»i* jij . j#« j* *U>JI £» ^!ku 

lijlj jy£» cJli ^Sl ^xj, Jjlill ji kiu»j . J^> ILL* ( Ml* 

*"*** ji v g jUll j_l»j Ooi sl>Jl y tfL* jpj k yi/ll yy yj lijLs* 
J-* j-^* »U- j£l jl £)Ij!I J . yjl iyji 

tr* ^ £■* fjL-»ill j* ulu y>jVl »U*;i j£Jj t IL>J 

L<J5 jjjl JJLj i lj_» ILyL, L^i LLu *l>lj* x»y m U JS jli j> LjL, UU 

<Ljjl>J! |^jj J*Uil1 ; <Gjj> 4 ^>j 7-12 

^9 y >Sl Uj> LiL* p+j ^Jbi 6^)1 ^ l^M lii-ljj ojSji 
J_^mJ! Ii* y 4 -iiUL aUjUs jjJl ^UJI <*jl>Jl jyli JLwj . ^yll yb Cl*J 
jJ Cwi j-rti)i ii* ^ nij«ij. jyhs j* <^Li LjjUj sy 

rL^^I J-*"* jj l"*jjJ j-J*j plyJlj ySIjSlJ OjiljJl oljljjl X|XM 

^lyiii jx>] yj: ii*i liisj. yijVi ^L_, ^ v yuu <kiui 

M 4_:ii JjjO 4_j*Sj lilt ^ piyiyj < 5 y»o iiLult yj 

JlH'j • j J®k L* il»j * ^ djL jy*. 

<y ^ ®^l <j* ojfin y l j* <£>> jl* j^LJl jL»J< ay ^Llj Jl y ^1 
• ,iA j* L» CH>y 

Ui Uu>Jlj J»yLii ^ y-j *yjJI j\ liUl oIjaUJI yi ^ 

^>L*ll JLu^l 'U. J . 'y JI J»yx>Ji sJjjaj y <u*»l>Jl >i» 
j-* »L*J | uu»3 Lyil yu •^all« Lhli» Jj jli^ jjj£ . oliLlI 

3jL * ch ^ ^—5^ jl«yiL * o' ^Uaii oi Ciii f yji 

• cm ‘111 jl ^1 J] *lyJl j4 *yil\ La* t (iyi JJ olii 

jl *Ui|| y Jit fJiJl ^1 jLJI ljui JyL ^1 ‘yjJI 
jl Li ML] Jl_»M,j *5l M1*J . jiuiuii Ojly dluu? j jS^ L»j1 * «lyJI y 
ji u^! jJ-w ■ vi^lill ;l—L j i>i* ijL* iij; yjMl ojiyi LiyeJi LyJI 
• *f“»j^l 4^3L>Jl/ jib* V ‘j-aJl 


-272- 


i 








J 


(VJ 

: 7-l» jS*i 

' jm* £ku Jt ( i ) W )*3 it jlaUl 

Ci—f \jill Ji'jk j» JS J l•£“* Iki 
■ 4 ’/ 


i 3 x 10* m/s y*) ILj-Jl t-LiuUl y <JI y *^-#0 IkUl <L«flLJi 

Lw^ jl _JJjj Ijl*} , ii>'i JysJ y iiilill itjJl si* j-L» jjk yiiliJ Jj-j 
jlil* , oLyj’lJlj jljiil y iiali JJau *lCj— jij n £jLii iji yUr ^ ‘jkJI jl kji 
. Ouli S^i jL fj_aj! ^lc jijj Ajyjlx'l jl jjj jl>jiii jliLLi. i l jtij^J' 
Jpll iLaHall l_ij_»JI J_J Li olp_i yJ jj-ilkl OjjlJI ftki-il MS Uj **j 
jJjL Ojlju j_i ^-pij Ijl^uu jiSl Ifil^ j**ii ejkjA> jijki Lt'Jjij 

jli>! yi L# jU*JI Jt-Mj) . i-»LJl 4 jjuuJI L y iuj L^ull ejjfc kjyij . i^jUll 

lj_* yjx> ^ illj . ^lj_iU Lj-.jLfJl ^slyJI jii *mJm Oluu Lliw Ojlull 5J1 

. juaii-Jl kjkkll jC klwJJfcJl JuP Lib k ak ii L yiiLiJ . y-ail j#lll AjSliJ 1 
jjU iiLki ya3\ *iL jULL-LI kkJl UL/ij*j j$U k ylill J^aill ji jl J U 'Jut 
liu oJiu Lkij . CuuJ^xxIl kykiJI ^->L jjLc liiioJl :i» Jii kJj *ij i jfi& 
jUj , ^Lii 4 _>!j£]I Li yi ii rkL_) Jt Lib Lib JUL Uli k> ^ 
jjjL» j u iiii'i.iii L> Li k_iil> jlikii ‘Luy DjS Ikkpl jS till jijil 

Lib jl J*Ju jl UUII ojj» y L) Jo ij Jji jfii ai. jjSJl ^kw y t jaiUJ 1 
jLp Ui>La jiie jl 1J ^ D ijJJl ^ Jiki JS jS i 
^—^1 OjJoP f> Ju jJj : jiSiaijJl jvu iiL^ _»-fl3l till p Jl L JI Jx>JI ^3i)'!ll 
. 3 j5lJI j5^» jU LyS'^ *jilkilt Li Ly* k> 

j_> JJ ja-ji k 7-19 JiilL ja —li Li t <JLJ! cl» yi 4^lJij 

jiLi ^ly^l j* * kiJl >• J;lkia k>Jl 1 j—a jSJ» • jxL £>j 

Lij^li inJl ^LLi jj. V k k .. J 1 jg jjiJl jl ^jiyij . BjSJI yk-ia ^3 ^a1i j*Ji 

iLtxi'il J^lii ikliLJ j » pPjJLj . .J »*J £lj»U 4 j-?L> y Ji*u iyi-J 1 

Litj killLJ . Jj-xi-Li jt\ jUj! ji Jlf ‘Lau'il J^Li jl 'llj k jJiAj J 
. kii jijjliil jkljP'il j^Juu i_koyi jJokiJ JjL»J 
yj « (i^ua » 4 3 jL jjJV ^IjUl jl I JliJI *LsuUl jl jailki 
« ^Ijill *Lx5l <1 a5JI jy>) jl jxLiki »yi| JJj ^ spL . jImI 
jl tj^l i^^kill jjLij . kill! ojjk j» ojiillj f^ljill iliaLI jlj kiiJI ojlj US klj 
. jLii p*UL5 LisJj lw_S ijjuf ksUl jpu LIlp kii U*-*xi jp^ jl^i 
^-k*»Jl jL-li kjlj_>Ll liu fljiJl ‘LoLI jl JyJl jSu*i li* jkt 
jli iLli ylt »Uuj . U1U UiS ,ji j* v/ll^ tjjj* k* ^JL-iIl kill jt 
« (r **Lll * jl—ll II* J! jJaii Jw . j>i* Jtb U 1 jjj* 1 
y&A\ . f-L>Jl jl* 5/ill JBiai yiLvjJI jy Ifw-Li kj»U oUL ki Ji 
iLivil jlkua kxi jt jk»Lll jLii jl y» jaUiii Joj <f>j jlj ; Lllj j* 

(Ukk^'l jP jiUJI J>ll 
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(ijSb^ttpJljflUl J*i)l 


O 1 jJJ . oljL-*i ^JLe j j i. J/w i jllii JajJ» 3 j5ll Jjl>gJ 


A 

11 

/ 


: 7-20 JS-i 

. j, jfL ukl fault f ya (■ UiS 

.lit <J yl) A fO jj .‘.il .nl t ^alt 

,J\ Ui> j j« yjilj Ijjj* 

•i-*W ji ■ Jkj* 

1 4> SjU C>£ * ® j j*d»li 
JJ>—" if> «—u! jL jjiu^i J*j 
. <*jlj i*Al 1.745 



j* J>y*iJl ) Cuiw J»jk> y *uixll 

bfr-L v JI iijlL jjji . £lj*)l ji IjJ l» iJL> ^ *j* JJliy ^i*ull fljiJl 
a ? jyiil j^lJI Jj_j)I ^ u^u.Jl L^LiJl 5/ i JI 

ijxtS <ii ja ojilL/ L> iiUl-il jic iLauil tjiJ! xoj Im5l*I Ijj <01 

OJ—J y-M fljj k>r -i^Jl j£ li^ai, jib- ji jj- Lwli 
*■>—<^J* J--»y u’ 4lJj Ji*-* 3 Jjl* JJolj • SjjjSJI OoSJl j# ^jUJ< iJlj>J^! 

jl^ lili lLji-i3 Jl ix>Jh, j ^ili j, yjil^ ojjjt jie j*y ^ j* kii*0!l 

* ‘ y v-^i jl-u ji*i ji j Si iJb5 i> yjm* ^IjiJi *li*ji jli . Hkj ^tULui 

f-A-Jl Jj-»* fAJ i-lla 4-jJiy j£ f*uU tSj^LLJI £*»ll i»}»3 J! pi !>J 
<-AJ ^IjLxjLol^j . 7 20 Ji—Jlu < tin i^ftLIsJl ■ j_*U Ja_> jauiJIj 
Aw~« Ai^u S* tfjJi jL Jy j-*AJl ji JyJl lii*; jijOJ iiu-Mill ‘1^3^*)! 
4^ C)' j£*i lii- cM-aif ^ (>3^ OjjL>Jl j^il3 ,jSJj . OjLi *L>JI JJL 

‘UJI, iiA)l JiUlJl IjA 

j>i; jy>j jjji JjyJ, ^jjO> j* jli" 1919 J)* 

j-ij . Hyades ^hjjLja »— >L li^v*ll iw^Jl a>!j ^uLum k> 

«U > l^> iuj ^1 j^ij *Uui oi Jj/ll 

« .. h a u lI » 1^-sJl olajl jl <;bL«> ‘Ij^l^ d]j J* (Lu 

^*0U |J^*lli)l jlj i f^ilj 1.745 jljjLu ^jjjJaiJ LuL ji k-A>.j 

• A-^jJ 1/3600 l5)1— 1 w j-» ■'-OliJI ) . LT**" r}>3^ jl 

cuU jjjJl lollli j* Jii Ujj y-Ui a1»jl»Ji oUyvJiJi ^kwj 

Lt»li>] 1 j> l i ij i O^u jlxL>^ j jjiij jLjb ibyu>Jl 


ilA ju jli/Jl Mi j-io jij . J^jl^JI Jlii J! LLii Jl 

ji 4_JU« Li_j-i jl>1 ik> LJ c*jj>i ^Jl oLLill ^luii Li 1 a^klkJl 

j-j LjJ jiJI 'Uoill jfi y ^xlll i»j>j 4AkJ 


. iiUl J 0.2 

jlii *-*y> jLiUI ^ jJLi^Lxi JjLi ^aSl ^ 1916 f \* J 
l > . »> j lAa iiiU ili 0 U>j j(^ J^^JI li» U- . *L»iJI ‘ 1 *>JI j f- oljij LiUji 

^ J a jL w j 4__J O-jjJ ^JVjJI jj L_UjAjl pljil) IjbU (Laul I 11 m; jl ti«j li> juua 
. kijL>JI jji j*—a 4 iiM llL-u j* Jji Jju jiCj 4ja Lujj y>J •■yj> jl (jl 


oMaIL R oLJI ail 


. The British Koyal Astronomical Society ♦ 
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( Splj ji i3j*)l) pUl! 


p 2 GM 

X ~ c‘ 

u-ljJI iltf jjU M Ijlj. 3x 10 s m/n jjUj <ty jlji* c 
(Jj Li jl Ji a .111 j_£»1 taj i j->T yjL«»l; , J km Jlj^ i^jl—** R jl 
j«4«iJi »i* j* y/Jl jLlI *j*Jl jl* ^ o* A 0 ' y ^ J] J»U5j 
. ilil^Ji l$_ujjl> if-i i_ij^_JI uixLu j! oLJLI si* if* Jii mj j1*j iliUsll 
iil LfM «iuy^ jl IfM jt «jjjl J>> m-u 'll Jiil tla ,jl3 liisj 

ji y-2^ 1 Oy^i *4j«Ji yj*^ 1 j*** j** 1 *^i i> [y 

JjuJLj coui?j xJj . ils5 Jli*i *ftU Jij> j* jffi iliS jjij 
j_» JiLeuu Jj-- fj->Jl JJ-* ji jj*£ii)l Jfc* -UjJj • 'j* > 4^ H'j 

ji j_i ffjJLjj . j-a* LJ 4li« ‘Ij*- yjiS J! j»^l 4V 

4» — 1 ^jjl il‘lj li <Lm)I jli a^-iLi liLjLu I^jjaLmj i&*t "5 ( *L>'il )i* Jm 
. H yH u*l ^ID| Jl ji ■xt'i IfJo* jlil ^jL> «jU) fL**Sl*j* 

jl JljJl* . O-SjS'l vjljill j-lfi 4_uMlt .jjill JJl-L-y yiLiS jl*J »i»j 

liU^ i)£j J 1^1 £jii>j jiJl H^ifJI ivi'ill #i* J-»J wbu j* Jlw^l 

. J*ilL jjv>u ^Jj-J 1 yjiUI jl jit Uii» 
Ujj-ii j£*,| ^ JLjL j£)j ; <i*£JI Jj** 1 jjb^ ‘j-all jl jj] jy u* £j£Lu 
jjljtJl 0j_* J-i* j*Ju jl jSy UjU ij») . iyyji pl*il jit 

Oji jiilj V ji/i*il j/ii ii'itii olj^N^I ^IaxwV i\ iis4» j) 9JiA»Jl 

. 3j,u5 *>jJJ iAw^il j"'»* yy 3 ^ J! 

jJLxjJi tjljjji 

: jk ijjli j*i; ji jJuiu Jrfxdl ii» j^i 

i^jJI (_*) . ij-Uil oUl ( J ) i 4yl})l *JL*-JI HO I VjJI (y) I i^l J^> *yljjl ( i ) 

ojLJl i^iil ( £) . ( OjUJl JLa) <Jb>vdl ji) ‘iyjS/ll 4^’ ( j ) ‘ V*4il k Hi»il 

.^UkJi jj^UJ,) , o/;i 

, HhJ' if^V J! oljjil ji 0^»*JI Ji-ai Ojljjl ji liW’jjJl# Vjlji! Ji>^- 'l 
. JILil J> ji l^iHl-lj 4jljJ' tr*^ 1 olljUit oliS . 3 
. jAajJI LfJuy Jl ok>Jlj IjjlJl» <yiail o4»£JI JtljtO . 4 
(luSJI Oj^ ) UL* jit j* jjliil JHJIj ijiloll Ojb-Jl *Jl> jj yiiJI iyljJl oLuilliuj. 5 
oL>Jlj jlji» /i. Sjilj Jaf>- jit jltiil iwU liU £r> - 6 

ojbjJI ijjJl la-ijj ^jJI jJlill iyyi jjiii ji^j 5jilJ ji j '^ > ^ 1 ^ 

Aj'jjj! ojlaJl <1 >aJIj ijji^ll 
. j±\ jk fH 4v sn jSii y^ 1 »j* y 1 - 0 - - 8 
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( OjJIj J ) £UI J*i )1 

• j- 1 *' J! " (v) ‘ «>-* (') (—**• oU IjJ tt£l< f-* jkijjJl! <UWI »yjl V L>. 9 

r^ 1 £W 0» uj^ 1 M ji-fy ■ Jj>il »i* J Jj*lWI jjjJI J»* jji . Jfc-i JJ lijLa. (.») 
%U pl.AU j> J»yL ill* J j** ( 0 LI 4 Jiy ^ ji) Jj* ^ j jji ^1 6 i J^ |jU . 10 

. J^tJl 9i* jj jtyll (*■* f-**JI )±i IjU gtijll ^UJI 


G = 6.67 x 10' 11 N.m J /kg J 


1 rad = -±- rev ~ G7.3"' 


0(rad)< 


^yjf Jjh 

Ja^J I _a- 1 ^ ' 


-M 

At 


. A (o 
" A/ 


w 2 w </ 

2 f /0 = w*-w 2 
0 = co ( (+A<jf 2 


: ouljjJlj 4iiall olj>yi 

: lujUJJ f UouUJI 

: jjJuJI Juu ^IrfiJI 

: «UwU jjLwj oUj^ju 
: jjljll^LiJI 
: (0)^jlj)l i>ljVl 
(7-1) 

: ( w ) oyyi Ju^i 
(7-2) 

: (a) OjljJI iUJI 
(7-4) 

: (aOjju juf ) ijjiyi &j*JI oVjLm 

(17-5) 

(y7-5) 

(->7-5) 

(->7-5) 

(-*7-5) 

: Itflb- 


o!*L*JI *lijl J ( i>jj l k ijjed Juu Ojlj ) ^LjiJI fjj Jfc^ J» jjyi* IfiSJj . <jJaj 'll 4jjl)JI oLLiill. 1 
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( SjSIj J ) ^LJI 

jljjj aLfOl j*Sj> j -i jijjjU + SjLi’jll ^ji>i. oUL*x)l y L»j,ol»o v_x»o ^IjjjJLI jljLsui « jULaJl» ±>y. 2 
«Ul wjjUe jljjj jl*il ^ jljjaU ojLi^llj . <*U! wjlip 

: (o r ) ijji ^11 <Uil»JI 

. ip I Jl jS y i+*oi jJb c**J £j v jbill iuU itj —lj r UJJ ^J-oj ipij ^>JI 

c e = ^- = (D z r (7-9) 


: (F c ) A*j5jil 

: ijilJI 3 $^ <j»L>OI ip ^iL> jl v>* <11 m ypiJI jpi; ^SJ 

F =ma ( . =~l = mw 2 r (7-10) 

: <»i'a> 

if^Jl »L>Jl jIp 1*Mj IfiS j!Ju ji»j J* 5**- Ji" *S K *$' 

: fl*ll OajbOl jpli 

: j» r iiLu l.j I,rt<~ rn 2 . m, L»tllJ5 j& 4# il>Jl ij» 
Gw,m„ 

f.—H- < W1 ) 


jailiSlI <il*JI j* r jjSi sijy^' JjUaJI oli ^L**Sl ilU y. I 

. ji>^l! J| j«-*>Jl j>' i-»i> J! J*“ • UIj j* <#iUJI 5^- 2 


i•*) !*« i^ v i j I i..i l 


Ll>Uu r j*L-j Joi Ju#3 F Jail) <u-jJL ^L* l* . w jbiil iuli ojlj ifj-y l*jj>* Jj> <l>vf jjjJ -1 
. i-yljJl <J**ll (_*) i 4-^jljJl lcj-Jl (*-») . *j— iLil ifj-JI ( I) : r £j 4_uS ti-*S jSilj jSpI j* 

jJi.1 ijjllx'l iixJI ( _*) k UwLl' <JLv*JI ( j ) 

^LL i‘lji j^I-i iilil ^ 15 jljju^ <iL»Sl j* Upi oljltb oJ-ffSl ijLJl oljtij Jliu-J . 2 

IJUiJI 3*ljiJI j* 5‘lj*)l jl^jj jSiij Ju^ rji>\ , 4>o>-b yi ifjJl 
. ? <Sj>ou i>IjO jUa* *yJ»j jjUl ^*L jl ji- 3 

ijiiil jLa#^ yill ji jUi JjjJl Ua-ui 7-1^ J£jJl Ji*,! _ 4 

<Pj_w jUH jl^ yll Jj J| Jfi iufLJI VjUH 

Jljj Lk>jliJI iiUJl jL_if jLiJl jilij >4*wU jjvi jLi 
C,U Js- owil jjjl ijoil mjit . viy-1 ifl jl 

. y^Ul si* 

, loiuUijS'! i)L«JI Jjiil OjJJ y«jli - 5 



7 - l fl ) S 4 
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( »jib j aSjaJI) ^rUl JrfiiJI 

jj Ol^L-Sl Ll LxlC SjAfcJl i$j> l^S _L> ijljjl OiAiil Ji liyey sj\/yj O^i Ji »Jl> Ju-3.6 
V^' 1 Cl*-f * ^ V-* 1 ‘ Jli» jij jljjJl jy»* o* ll> <y_J ►yull j! jiyi\ , jljjJl 

, Ol^k-/"il Jx-j 

■ ^ #i* y*i JyS . 1.67 m/s 2 j*Lj ^iJl JLc iLy . 7 

j-** U « 5 g's » Uj js ijs Ue J'y j! y* t g = 9.8 m/s 2 i±u» k 5 g UjJ iuii <Jby iy>*i Ji. 8 
' </*** * •** ^ ■’ f’ s **-*4 l*jj3 lm>>W ljW> 0* Jj*j bale j*“ bl* V IS* 

? ll> l«y JJO <Jljipl jlS I3J jyjl 

^j'il JJlS jjjiil iijUll ojjk pj>Jj . 3.8 x 10 s m 3jL 5 ci-al Jjm J J^» ^ull jj., . 9 
* oij^ 1 L^jIjl* jUaSi JUii Ut I3< ^-aJl |»LkUl J jjiSl ySljSII JiS jL^I j£* >. 10 
ji oaJLa\ V jjyi jJ J] £>U j* L*iUx*il tU3l Sjl*w L^- Jj>& ji jS** ,yJl Luj/iJl iyUl U. 11 
jL^JI Ji' J 3A>I_J Ifjjy » ; l> Ji by* JS jij 4lL>*Jb 
• L^jij J^UI J J culls' bjui 3iISLSJ UyJI 1970 f \i ^ yJI Jj 13 yjy ^ »UlI _ 12 
is* °j-*J j—* a) 1 olxS iSj>Jl < y LJI 0*1*1 JLJl r^-»j ***} ■ /*^l Jj l^ uf * JU5I ij^OI J] ojk^li 
•’ J^ 1 j;^- 1 '! ** ^l-*" <-*l>Jl J! pfiii*- jljj Jjy y I3U . yijSl J[ OjU Jaii illlfij 4ii> 
j& ^ ®a* y oii> jj; vjs Ljj^ y ^,*^1 ^iui ,> i^is jaSi ; iu> iJis ji y^yu. 13 

jjjyi A_iiji^ji *y c*>j i^uSii <diSJi oi* sUj ^Liii ^ ^xAwtji yiajji iju^ j^ jiuipj «LuUt ^ iuu 
j-l* sj^— ^jjjl ^jJl jj^uy olu-jhjl jk L k Jill kiiju> JjS’l Jl!>ujl yiyjl jjy JJO oif 

. 10 m/s 2 JjXfc ^ cuaJI lj> jt- OslljJl ji ? <L>\aJI si» uu 


J^La 

7-4 JI 7-1 k>» fliVI 

0.67 rev (_»■) i 2.65 rad ( v ) , 32° (i) ; i>JU\ JwJ Uj^Jlj oljjjJlj ol>jjJl^ ^1 ^jjl & JS p 1 

, 1.35 rad (->) i 19o - (o) i 0.29 rev (I) OjUl i_i m LiyJjj culjjjlU Lu^ll IjljylI ^ JS U 

LiL>J' J^Ji ^ 2.8 cm l»jjj iiL* jt U*u>l j*# U^iiU Ji j85 cm UJai k_L»i cJjj JoJ_ 3 

olj^jJlj C/LsjJlj ijjJaiJl >_Luj LljjJL Ajl>yi ji y£ . tl>jJl jSu jli jUljJI jljjk Lijr-auo ^1 Ojljjl A>jl 

ju c^^ixxjl Ojljjl j>jl . rvb—Ji J jlp Ji <wli* 4.1 cm 1 ij; asLJI* 33 cm IajU ■ ■* -■■ ij t.1»..< Ji jllLll. 4 
. oUjJlj iuja21l Ji-#1 IjljjllA 4tojl>] iji yi . 3jSll 'Jy jli jellaiUI 

ciLjj JSJ oljjjJLj AjIU JSJ OjLill U^JL h liL J ^liyil k_iJuJ aj^I’JI li^Jl i i.^>l. 5 

. iiUl 0 ^! u^j i^lb JSJ ol>jjJl^ Ji iiL J jiljjJI wjSaJ ibjljjl 'iiy ,JI »_u*>L 6 

v A-utUi j-3 LjjLiiJl ci ■ «’ » Llj)IL jlxJU U ( I) . 33.3 rev/min Jjjuj c jljyy <liya~>i jjjJ . 7 

f 0.225 S JjL> UULjS’I jjjS oUjJL ijjju Ljlj jb (y) 
ijJuu A-ijlj ^Lj (y) V iyU J_S) -OjiaiJI uLa) U|jJL iall> <UL J oliUI y JuJ OjljJI iiyJl j» L ( I ) - 8 

V 18 S J^> yJWI jjjy obsj Jl^ 
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(ijib j iSyJI) uUI JuiJI 

jIjuL. k-yu L . 0.77 s J14 33.3 rcv/min U>bb Ljlj Itj* JJ j£J< > sowil JjLs . 9 

V 1/ Ujt Lib JSJ LjiiJI uLm IrfljjJl*) <A^jII LiliH jj oljjJL Lj^ll iiaJl 
Li»Ul i f -i r g jiiii L. 10.5s Jl> £,jSJI J! 33.3 rev/min Jj**- J 4 S Jl/yjil ijljJ oj-Aill 10 
V L-j* Lib JSJ L>LU' i_Lu UjjILj Lib JSJ oljjJL <k-j*il 
LfcjjSj J-oiill *£*-. J| o>£-Jt Cm ^ 32 s «jjJ li*j ( j-riUl oUi j-» ) J4 1 LIjj <34-3-11 
. ^jll lo Jl>U otjjjJl jo (v) Mfj, Lib Jfl oljJl* 44 * (f) oji . 3.75 rev/min 
fjLii l$J ijji IjJ <4* I((ji ljjh ^jII (L^* Lib JSJ LjWl ci-»i LljjJL ) L^ljil <4*11 jbL l*-12 
V 7.0 rev o- 540 rad/s L»jlJu Ll*jJ J Ly* JJ > 
oilS U r jli. >;Jl Jj J*4 9.5 rev < 4*11 o,b 0 )i . 18.5 b J^U ojUI JJ «S>i. **ljj <4* J*J.13 

? LljJl j jjji ILmII 

Lyljil L4*Ji jIjL {i) j>.i . 17.5 s o* 48 rcv/min JJ 4*^- oL>y 32 rev/min Jo*- <4# opjU . 14 
>jjl Jj J^l> <431 oO 44 jill o4jJl JO (w) I L -JM Lib JSJ Ljaii' J*w b'j})b 

7-5 f-jJ' 

Li-pi J J. J^ol; Lj_i jL 0.76 rcv/min Jj_»uj jjjjj 95 cm )5Jli Ct* 44-j ^4 j*« J4 4^. 15 

V LiUJl ^iol^MibJb 

jUuSb 2.75 m aJIjjj iyb p 44 Jib Lj«- U . 3.65 rev/min Jo*- ( u-Ul jj ) J4 Lljj jji-16 

V LibJl j 

? ijSJl 4^»ji- yll oljuJl JO L j'ijil jji- L-^' 1 J* 15-6 UjjS LU 2.3 5cm 4bi ^ 5/ jB- 17 
? 550 cm bjji <iL* tj4Jl ^bi- Ljo <4*11 4jj- j*Jl olj|JI jo U . 72 cm LL* <4> jlS lj] -18 
if 65 cm Ujji jlS IjJ LSJI <4^ ^>4 ‘4 A 1 | jIjL U . 0.376 m /« 2 U^oi <4 *j LS^- d>>£. 19 

4 _*iijJi L 4 *l> LSj> L4p oili IjJ. 43cm l*ii Juoi I4e Lil> ^ JyJ* Jo>v LUi-*ib f—» ^-20 
»iAfjt Lib JS) jloSb f-41 <4i jljiu l*i 4 0.36 rad/s 2 
Lxii- i Lytl'l j-i jLoS'L ; iljfu-'iJl k> jo ij>«J <S^> icj-i 1* (I) . 6.37 x 10 s m iijL^ '-4- - 21 

V JLJI obi’I JO jbi uJ itj~i l*_j ? jiji\ <S4 

<iL*ll { L*-bJl 4 L»jlo ^3 jtfjS'l jIjL U . b_j- 365.25 JS 5j* ^o^li J^> jij'il j^j- - 22 

, 1.5x10” 

v 20 s J^4 JuULl luSJt J J» l* . 0.71 rcv/s Jjuu- lfil_,o *liJi 35.5 cm Ujl3 <4 p <iU Jy k4 Jsl - 23 
J4 l*i i «Lii <4*JI Jt k4 JU» jlS lili . 2450 rcv/min Jo*- 7.8 cm U^Jj <4* j4 - 24 

. 5.0 s JH4 JuLU JsuoJI 

jljjj Lj— jIjuu Lj I 106 cm L-SJil o 'Lj* 4 jlS bj. 25.5 m/» UjIjL Lj-* }jJ> J 16j* J 4 ;. 25 
V Lib)' o4 ; Jf» Cubll LjbiJI Juai Lib JSJ 0^4*Jl 
j_>y SjLuJI o-L_>j <>j»jJl lj 27 m/s bjljL Lj »*- <S^>o J* ^ ® Ujbi <4^ 'oibl - 26 

. Libli j o44'j j* “k^ 1 kbJ ( j *lj)A 





(Ojilj ^ ttpJI) pUI >AJl 

L (i). 38 8 xmj cjJiy 3 6.6 m/s 4**^ oilS bj*e ^liiLL ^liJt ^ 62.5 cm 4>^4«* ^ <>ljj c*U - 27 
? j^i-^ JJ Si> 0^4*1* UjjJJ jjJI oljjJl jo£ b (*_>) ? Sybil oii J)l» <uJ«il uLJ! 

iM 21.5 m/s JJ L&j-i jlai« J-^j ji» ^Lbiil ctfjLJj jjSJI j* iSyJI 72.5 cm lyj^Ue J>b ijb- oiju . 28 
V j*jll la* J}L> 3jl*Jl oV !> JS Lpjlj ijjj ^ . 56 h »jjj j4j 
yjilt (I) 16 H J^Li jjSUl ill* JJ J-»y pUsOll* 1660 rcv/min Jjju, JIj jyy j> oLLLj. 29 ■ 
6.25 cm L*jJai <4* J*x» jyJ\ {$£ bj (v) • j*j*H Jj jyJ\ Ujlj ^iJI oljjjJI jipj jyyU jjljJl 
v Jl li» iiIm]! jic (JilL Jjjl ^A-Jl Jjt Ui t iOyi ^ 0^1* 
4 -4*J | b*jj^ 0^ > r 1 -^ . 0.15 cm j 0.65 cm L^yj li**i li^^l ji U*Ijl*J jl&iiu jLiii*« jbix*. 30 ■ 

? 4.5 rev jUUj S^uSJl jjjj bile 3j*iu»)l 

■h^ 4* Syflll 4_1 ^aJI J->jl . 23.6 s iy 17.5 m/s UjliL \ty» J[ J**li ji SjL-i ^.Lu*.. 31 ■ 

, 0.40 SjLJl il>e Job JLil . 4b*JI oi» <4*1* Uj^jj ^lll iicj 
loj*, > fU&L d»jJl Jill j«j)l J5l>j . 44 cm l»ybj uLb IL^e J* y^ 32 ■ 

♦Lwi LfJljjj Ji-ej jJbj i>.i . <i**ll Jt y .Jl j* 29.5 m «jjJ y j_j£Ji Jl 1.8 rcv/min Ujji 

. ojj 

7-7 j 7-6 jU4UI 

ijUl jIjaj Li 21.2 rn/s U,lii* *£j-y 4»5j> 37.5 m tjlsj JuaJ |J ixb ^ 1420kg If&S o^U-r 4Luj. 33 

V UjLu ijLJl hi >»1 lijilll Aaii'lll 

jj UiiJi jljJu jLl I jl . 75 cm uusl 3 j5Ij y 4> j ^4 380 g U^liu ilai jjjj. 34 
41>41l 3*i J*»J L 4 I 1 ji J-ill jlii« U * 7.7 m/s JjjIjJI jLlI 
. lf)i ji\ mL Jfi jiy ilw/ J**3 16.5 m In Ujlii* 26 m »Job Jual jU J 3j4, jiJ. 35 

? liy^l jljxi H ji> iAillj ijyijSJI ^ 5i^>j ^\^JI JjUI lull! Li 

j-i oijrf . 30 cm Ujki Juw jl jtyJ ‘LJII ol>JI ^1 p 22.7 mg LjlL£ lyLa 3^> Ji;_ 36 

Sj—lc»ji fp}\ JlSis-'i'l JjIju jliii b 33.3 rev/min ^ 3jll*il ItjJl JJ oL.«j ^54JI ,j* <iuj jl^jJI 

( li> <1 j j 4)l5u»*i'l Jb*J ^54 ) V 3j«*>Jl jl^ll V jSi) 

Spb j o -kAll lift 5jljb jJj ji*J jj 1 5.3 g 44 <4*1 yoivi ijayu 4L>yJI yj4i)l Ji>j ^ . 37 
14 —1 le«Jl jliii b c 11.3 m jljjjJt ;,}>■•} jAxill lift j*aj oLJl ol^ lili Ia> <Jb <e^-u 

C 4*1*11 Ji Cil^jilb li 

jljjJ-ll Ji-<u IjJj , j* p «L5jj ji »UI j* J*»* jl iuijill J*»Jl {y - 38 ■ 

4_wi)l ^ b . 3 jLl* hi ^ yuU ■J* jlj b>li* >)jll bile ^IjJI i> i>J ‘Ql jli 4*jlS 4jJ< 

0.72 m Jjj JjL j! ^jjjl j4u" ^11L>J1 >4-1 ^ ^ Ic^j jluil 

. ^*** Jj oi j_le jj^t ^lj*jb ylSjJl jl ( j*Mil ^ jjllll jUmJI ) 4^^ ,y w>« i>l _ 39 ■ 
v 30 111 JjJl 4*9 ile Ji .!■■■' jli lij OjjJl jl i_lxj ic yt 
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(SjJb y ) ^U! 

jjjJ jli Jl-suu 5000 rev/s UjIjJu lylj JjL»Jl jlju iillill kjJl olj jj^l jjLII 3}+>i j*aj j- 40 
m 4_iiiS Jii>J 4jjbgJI »yJ ( Ujl3 ¥ Jy>JI JSJ Ljl»Ji il**!' jlJ** U . 15 cm 

mg Ii» ojy (ijllJI jLJI j 

J ulS* 6- ajj jjjJl jj lljj. <fi«> r jJl ^ 4*1 WI oU***ll ,> *I^JI r jJl ol/ ^ '>-41 

jja jlf» ^ ^jjI *Ju* (jljj yxi ( ijullJl ^ oljjjJli ) Ley jL . liSL pjl JjJ -ik Cililj yuijj 
jjj jjj 5 jj 1200 jLl^ ji olijMh>JI iioJ yjSjll ojjUaJI Jjill oul$ Ijj 8.5 cm tj»& <^s~x> 

V JjSjll J^kil jlf* ji J^xJl <> oLyxIl J-oiu IjU ? mg p j j > I> 
j-ijJJlj b,L_Ji ^IjLLj jdu ’'14'“■vNl 3 y, m IjluJl <Jl£ ojLi Ij! «ILu Jj>L> ^le ^*xu ^ Sjl^w ua L a.J. 42 
V 31.5 m Jei uusu jl5 Ijj IfjUwwl yi> SjLJl J^xw jl u»o <u^-> jLi t 0.58 mg 

7-9 

jjj jliLlili wjl_^sii< 3y 10" 15 m jjj> ^ jjLi JLo)j 1.67 x IQ' 2 ' kg filiS yjyjJl.43 

. ^Sl J* ojy SyJl »k Ojli, 1.00 x 10 12 m L +>£j* j" isLJ* Cw'i/y' 

^-oll llii' . ji}i\ 4u ^ <J ILL y 70 kg LiljS yJlL ^k .yd I LujUJl Sy - 44 

. jtfjSl *k« ^ vJlWl ojy Syjl «k . 3.8 x 10 s km yp/sll p sj *j } 7.3 x 10 22 kg 
j»xj L*.u£ ilc byUi ^iilllll k_jjxJl iyj yiJ'H jLuj ^1p <joL^ jjJill ^liUI v_>jl>JI 5y jjli. 45 

( 6380 km jijl\ Ja J-*J) . ^1 ^L- j* 5000 km jIjS^ ^ jU 
4_ojL»Jl 4_ix£ J_>ji , >-4uu jji ijt 11.3 OjLi i_i rtij jJjSl jji 5 j4 314 4j 3J5 iJjL+ll - 46 

. Jjiill jk 

» jlWUw i^jSu jJOl j-i^y ja£ ,ki ojjLxIl iL** iijU j-ill ^ 4*jbfJI *Jb>v?. 47 

, (0.27 R e j*ill jLi v_LL i>i Ujixl<) ¥ Re ja!i\ jLi JLL ^*Ul ^ Jwo ji ^Syi OL . k-yii j 
oLj> . 6500 km «jlo4 v J*i Laic lujij 80 min Jil jx>Ij ij* Jj> jjjl jjj* . 48 ■ 

. 4Ju5 jUojf oljLJI 

1.88xlO»m s^si Ji-L jIa* y 16.8 J5 3^# jy-il J^> i y-Jtf j*-** • iiy-1' vly i>l jj jj-49 • 

. jjiili 3 Uj 5 oOLJt jjj> ^jix.1 



7 2 f JSA 


<uU JjL* 

Jwu bjyj Liii syij ^lui. JjL ilij 450 g IfiJS Oji' o^jl- 50 ■• 
0j 3 8.5 m/s jyijJI J v-Ull l &. r oil5j , 1.25 m Uyj 

j jtwJ) jljJu U (I) . LlL Liii luxll jl &h ^ 4llj5j ‘ ijill 
¥ jiiiSl ^ LuxJI LfLuw yJI 4*^J U (y) ¥ lwiJl 
£L } i jj_( ojIjj Im j k 5Uj 7-2^ JSill J1 *j - 51 n 

JJa*! jl JL>j jJj . <t-ajll '£j» 6-® m ^ JjLJI 

Ubjljuu iyljjJ ikj-y spij Cuull ^y£j L»Lc j-ljJl £ 9 4ij(j ILL* 

. 9 j>ji . 0.045 rev/s 
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7^ r jSi 


^ o~* <-*0» ^ ^ £yj 7-3 r JS-UL, <^ll3Sj^ji ojij. 52 ■■ 

Aiii J>~ l*J 0#ii . jSx, Jl£s>l ^ J*J J| SjSJI Jc oiljjlj ; £*JjJ| \£ 

. cos d = 2/3 >^u> t 0 5j£J| ^ 

,1 j* ijMuil »j* ojStf . i,yUi 3j*u-i U ***3 7 - 4 f JUIJS^ _ 53 ■■ 
* < •" ''' ^ L*_L>Uj > 30 km IfJjkj 7 km LtjLJ (Util ^3 i>^L 

*Sj* jj J*-* jjA-i iil^k_~»Sl jju> jli lujUJl jtSUJj 4 t+ajj\ J1JL 

lt^ f 3 ^' ‘ <*LJl (j-* 1 kljk-Vl jljjJ Jj-~ ;IjA* U , i*Jj« 

• J* jl l5jI-o Sji * jij'il iiiSJl ^k Jtilj ^ 



ijUi i 'aSlSi>l 'i' jlS »j}» ■ 7 5 f JiiJL o*il *d\ J>lj js\ jU ^ ^ J ^ jl^ . 54 ■■ 

• ^ ** f° j» - 6 ‘ r ^ * w ^ jlji* o' 



7-«r 


S>'j Jx ^ JI <j>-£ L*»l« u^-Jl 4> ^5 cm <JjL iu> J iZLu 140 g l*±S ijS ,> ^ Jjjuu . 55 ■■ 
, 25 J 4yl)ll j£j Luk kkJi juUl a»ji . j&i ^ 65" k>J 
viuli LUI .jj . o^l JLJI jjjlj ^-k L^fcj L+ii^ 7-6^ JiJl j M j m ob^iJI - 06 ■■ 
L. , m ^ lijj LjU o_*jk*lj oiJ^li j£J! b* M . o±*kjl> 0*Uji! j» o^L 

J! jU J* yy 'i <JJI JJ Jv-^l j m^ji^m/M IlJJ l&u UJ 

. Ji-i 
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(ijilj ji i3 ^>Jt) £*LJ1 


7-6, jSi 

Jl iU*)l o'* » 40 ni/a 2 tSjL: «-U3l J] MjL> ■W*- *4* j-* 5 ' o' (kj*^ - 57 •■ 

^Jx ojj »Lii J_5ljj jjyi u . jijSl ^ > 10 mi ^1 Ml Ujk U*iJI »k 

V SJUJI JLb j 180 lb jijH\ 

»j_» . jijH\ ^ jjJ 1600 m 9jJ3 £ltt,l jk 40 m/s 2 <M Mi ^ >j| 57 ^1 > ■*’ - M 11 

? gjliJI Jl yXjSl >i Jut ji <M 

CJ L djb JiL, ^jb j^. 1 iuj . t ^ ‘ m L*fk JS ttSj * li ) A dbjfll - 69 ■■ 

JJy\ liu* \ oiii S/Ij j ojIjJ# p ^IlllluiJJ j*JI uijKJO ii/ 1 . A <i&ll j 
Uju ji J Jb ii Jl <±ut ^jjlb,i»Jl 6 ijuS <*j Jl CjljjJl ifij* JL»jk ^Lj 0*4*" • 7 “ 7 f 

t L = 0.6 m * m - 500 g o' o°y*\ t4l)j Ju^ Uik *yl)ll 5*jJI jUi* U V B } A o* Jfjll 4>M f' 

U> vii i JIjJI oi jts\ i5l • j^jSJI OjJ >»! • 235 N jA^ 1 <*)&• 0'j 




^ , 60 m ^ijli 6L*il >5 J-#l A»>Jk ^ j* 700 N Ojjj 300 k 8 J4* l j4 c “*;- 60 

.-■ ■ .I t Ull.Ail J L-, t lc Ijls , v-iLil *15 ik <lkJl }l*l£ d>Uk>l ijljdJ iL*UJI O—Jl LUkil bjfcJI li» 

5jl*_Jl M ixj-. jLi . 3jl*Jl jjj J! iiU% 5000 N U,j 5 »jM 0^- ^ J ^ , ' J “ ul 

f mi ill; J jsUJ j/itli 03^1 j* ^ 
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ljj» iSiiu »Jjll ktji jlUJI Cvj" 

jjXj LijjXji F = ma ^ykdl *£j>i 4**S> p— aJI 
jljjjJl fjj* jlJ j}-*4 Jj» . %* d^gJl^ i p+Z 
jJ Ojlj 5J** p-*Ji JJi jImj jl 

<UjU* l+^Lt j-jJsi3 ijjljjJ' jl J-taii* 'a» jj 
fjt Ly <JjWI o 1» i F = ma JJjUjU ililw 
<t*S jj iyljJ' Vr*® ^ J* >)!' 
6r-“ «'} j-'L , J jJI L - l i L * lP* 

d dy'jjJ *-$j> Jjjdl »di o' J! 

Jy>j <**5j i Sj> olt 



ijlwljjjJI Sij>JI 4$U»j 8-1 

)Uu 8-1 J-iiJl ^ dpi <L>dli . iSj> iils jidl ji <sj j< J^d' !> 
ju us ij> jti 51 *aJI t£j> *U3< Lfl* J5 J j** > ®j*d> ^ i> 

*Sj> iilL JdU <Jj i Vj Ujj5 ie^- <1 . J£i!l y m, *j*J' Jl*» o* 

oi A ul^ J>p>* »pUl f L->S’l ISJjj ijp . ^n,®, 2 jjL: 

L^iS\> iilJs U dx£ i _ i ii'i^* 
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( ipljjaH JjXiJI *jaSi iiliJlj JAiJl) ^LUl JmmII 



: K-1 JUi 

ujLJp jljjJ »l*j| J ilk 

JjMs (j* n-») «*LJ 
Ja — * > J* 
jjL*J 5L_i. m, <i> iiOjj . KK 



: 8-2 Jii 

<iLx kiiJi 5Uui F ijiH Jj^j liijc 
• Fs u jji is <iv«Ji y*.& y 


J^> t*iS3j i oljuJl iiSL <L>tf 8-2 JSLJI 

iiU jj_lc J^illl k*>Jl ^ F jui 5jj jJjj Lai* LjS,*; ,jjjl 

<la—/l^ Jjijll J-iill JJIaJ! oi» ^ . jljJjJl ^ <L»oOI Lip Jj- HfcaJl 

: HjUIL s U ; jj xi «Uji apUl 

F UJ y Jj^JI J*JI = Fa 

S j X) oMkJI Jlw t^A> . s «jji JjJ? JapJI |> diw B Ujjj 4ylj iLkuJl 

J! J-" >j+> s jt . (1-7 SJjUll ) s^rd UjUIL B j 

: JjOxll JjLAU 

F Jjjull JtiJI = FrB 

£}jj jj Ojj** » j-» Fr jl J—lii! Dj^-cu OjUl iii l+J LiSL, 

j-Le jJjll T jljjjJl ^'yt j-* 5ioL-^j <lmSJI jju*j i 8-2 JJuUI jj « ooijJ! 
ijj 1 ; Jj j - i j-k on SftWl jl pi |>V 

; y Iffk j3)ll yljjjJl (.>j B Ujjj 

W = T0 (8-1) 

£4 jfcLiiJIj Uo*iJ LjJ] jS*i ^1 i*piJl J» ijx ji <L>}L p^ll j* 
Lll> jj Li I . W =F*X ji XJfj okijl <LSj*Jl Dl> . <px>JI <5j>Jl 
5i'—JL JjjlUJ L»k>JI oLJl (jl LiS . jljj^-jJl [y->u JjaLJ iy]i ,jji ^l^jJi 
LS . iLlj^aJ! IS jJl tO £+a> oiijjjJl iSjjJl ji F r x jU LjijJI 
. (8-1) ihlftll Luxii 

j-L® 33 JUI Jjlul JiiJl vjJaj j! 0 J 0 3jliJlj JjL*ll O^tuJ 1 Ltb 

iSiiUw iS^> i3ll> <Sj> iilL ^ < 1 >jJi 

‘ 2 ,n ° J if* *r^ i*U» (jl jSjj L^jj. KE^ ipjjjJl 

JjLvJ , KE lrtlul <_JUjj*i'I 0^1 iilL »~iL ijy Lj lilUl »i» J[ jLij Oy->) 
JjS J_S iSj> ijUi—.Vb jJIj LSj> oil? ^L> ^S'l 

. p. ^ad l O^Sll ijjUusJI 

Jli) luij dlS JS L.j_ uSj jjji Lj!; , 8-1 JSJI JJ jji mII 
»i»j i LJlm <Sj> iilt ^-»»D o^Sil SjjISJI ilSLJi JiSJl (mj 
. m., . m, UijJl JjSII & N »jji jj£ <>* ^5uJ <UjJI ji U^l Ijl). m, itSU 
: (j^ *^1 i_)Sll tn N : , , , t m 3 


. 2 4 fxiJl j jljjjJt fjf fy+ii \*>\y J 0 
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(-u«5j jxiJl) ^liJl j^i)i 




<M V i»lb = jro,i> 2 + ±m 2 nf + |m,»* +.+ j»v£ 

&j_» jit 4jl_/L1i __ jy£j t r { U1S JLL oylj y d-j>Z lii m, jilt 

<JjbuU ILL IhUI slf/LuJjj <L>LJ o^ljjl opjJI jl di*>j . v, ijiljJl 

: jjj i V x - dTj 

| m ,“! - !“A 2 

i j jl , Jj—iSl 4 LjjJl J-iSjl ^ u> J O-^-iLij £j\ji*mu yl ' i i’i i .) 1 I iW »; JilL) 

; ^ic J "*•’■ *£ v>Jl iilL Lj'ju ^Ji s±» jp .jLjLJL 

iU*)l i5j> iilL - + ^m 2 r 2 ta l +.+ im^rjjai 2 

jj] U& H . (0 j*Juj Ifjutj* Jj_iLw *JLxJl i\j>\ Ji jl <iu>J 

‘ OjwJI jJLf UjUI qJjUJI 4<bS 

4i**JI lIL = tn^r 2 +.+/n A( r 2 ) 

_pijJl ^-wjkU jJljJI “ *2-U( ii^UJl ji jj-ijiUl j# jljill 

• / 4J j4*t 

1 = ^lill jytfill f j* = mtf + m ,/ 2 +.... + m^r 2 ( 8 - 2 ) 

, kg.m 2 SI pliiill ^ / oli>j ji l* 1 !' 

jj—fl/ill ^LjJu <l L «> LI • Jol* -i*j pjf jiilL kjw 

^ie ]ais J Luu Qii 4 la > 1 11 ill ji Jji j' l n^ t j jUi £ 4 } oL>aU ^liJI 

. SjUI Jib tjjjj <UftS jit Uyl jlajju oil J j . p^>Ji j m BjUi 4^5 
: / ol'iljj Sjj'Jl oL>Li iij> olLJ U^uaJ obi j&*j j^li 
KE rot = iilL — ~ /di 2 (8-3) 

ijLS o( <Lub ij* Ji>'i . LIj«j i iii ji i f ii.i'iSj ^i.i ^ i l l L>j> oLL j_» ols 
jlj ^mu 2 Quill JjLfjJLj . iulljjjl oLLJ o»UJi ji *>o UjiS^l; 

, m 4 Will ^jljjjJI jjUil ^ I jij it) Quljj^il 4 Cj_JL oIjuuwI j 3 v LjjJi 

olx~Jv 4—l.a>«Jl Jjjull jLllL oLuJjj iiiljjoJI OlbJI j! JJ b) J 4-1 

QCj—u S_pij 4_!>LI jl ytfjD l Jjii j^Sb jiJj . Ifjic J#|ll jlj»-lJl fj* 

J3 jljJjJl pj* Jiib jl , Ty jaiu jljjj p_yy )LkJ Uyl pi Ct^, UjljL 

( T (f pj^ Lsul^j Jjj^ll JLSJI jli Lujqj ) 0 L)l}j 4i>jJl jljjj *Liil juJ 
Jjbill 4 ^jJL JiflaL . (Of 4ji»l)l Jjjj ^ oLxLJ Ljl^Jl QPj«JI jlj ; Lfif J^jl p3 
: j* Jixi wityll lj> jLc <5 UpJ1^ 
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( ^<U«5j <wlkllj JJLiJl) J*ai!l 


*4*JI Ja JjUl JiJl = KE J yAiil 

. oU> > (8-1) iJjLd! LUoiOwl £ix> 

UjUu floiX-t* o'jjJi 5 JILj JJLill oh Lftjdl ajjb jiu. 

J »JJk & ytyully , <aj -a* ^2ad : ( j7-5 ILUll) Ly^li iS^i 
: J* OjLvilj *LU\ iilkJlj JiJI <JjLu 

T =Ia (8-4) 

si** (? toll). *mj* ijiU JSJ o^laiJl u 'ia> ijjiu LjljJl <1 aJi t j* a ^u* 

fj-tj OjljJl 4 _L>uJI jxj LjM> JJ Jj_x»yi UiSji iLjLJi 

UL> F- ma UjLJI jfcU; S_u<jjjJl <bUll oi» iL**ll aj^J ^■■-.n 


jj-t tUJ »! •»•■#» • jJto U-' fL>Si J p>u:i > 

■■■’ lAfjJ’ y'jJJ jl <,uLj+£Jl Oj^ll 

• OjSJ 1 J! S*> yl J! jj»- J* 1 ** J yl^jl 

Up Oi^ It jlljjJl jitoH Uj^aiJ LUu i>j^l I ^Slill jj_aill 

. ixi^ll <U^kI'y 


J 4 ^ i>U» ijlil £ jil 
0-6 J»ii lit i 1 juW uMajd* 

j_iii *4,. 

<J jj J rJ— 6 y-A* 31 

. ijjUxH jj ijk J j* 


- 288 - 









(^ iilAJlj JiiJI) 


wot* 

j 



w 


3,004 

(') 


3004 


J 



: x*J F=nui as^WI i>j . <jJU5^ L p>J ^JljJI JLj 4jk>Jl <S^»Jl j 



L*^.u \ , iL> 4 !>► iJjjJ ojfll 93 JUI jljuL y-t UjU* <-LS]l 0j-» 

USj oloS ojtj US i^jS (—UJ j-iloJI jULII $15 US <jl tfl , a = 1 m/s 2 
1 m/s 2 Ujji iJU: niUa£)' i*}5Ul ijill ojK 
'■ ‘.j h.i k t = la LljUil ji 1 F - ma <JjLuU jJxJ' y|» ; JiiW 
1 yljjl j^aill y6 

/-I 

a 


Ujlj U** |^*>Jl yU* jjJl jljjJt [\6 jIUi Jiu 1 pjP jt Jl 

ylj^j J| ^U>J I UlSU Djj-iiJl |«_ji l l oli ^L*>Sli , 0f= 1 rad/s 2 Ujji 
lsS jjljjjJ* 5 ljJI y-U* / yi £p! £-»'*/ 1 ^ 

■ r* 

: (8-2) <JjUII y*. jjjiJl jyiil p*l j-»L Jl j^ 1 y***^ 

N 

/= mrf + m 2 r* +.+ m v rj = Jjm. r 2 


i>4 JS 0^u3 . 8-3 JSJL y4^! iftM }i * u^ 1 f*U 

. L^ilb Jjj ijjfjl JjjIj jU»I Ji> IjS/ JiS £ji v> jpU 

: 8-3 jLi : (i) *‘M 

J —ji , 2 2 a 2 

7 » = m . r t + "Va + m j r 3 +/ V4 

a (3.00 kg)(0.800 m)* + (3.00 kgX0.800 mP + (3.00 kg)<0.800 m) 2 + 

(3 kg)(0.800 m) 2 + 

= 7.68 kg.m 2 


; ( 1 ^ 1 ) (jj>JJ 4 j_JL 



: 8-4 Jii 

T oU* Ji* d>^ / ^ u 


/„ = (3.00 kgXO.500 m) 2 + (3.00X0.500 m) 2 + (3.00 kgXO.500 m) 2 
+ (3.00 kg)(0.500 m) 2 
= 3.00 kg.m 2 

y! *>« fijJLfj. (I) J-* 4^ M (v) J y liJl jH 1 f> $ 

j*ji JlSJ) iji jUil>y ^'iJi ol 2 O^ijUu yeii>*)l yiiS 

jli ( 8-2 Jii ) r 2 (U vu,U / ^ (V) y ^ ( 1 ) J j'j^ 1 

JjjjJl ^ yls uU« , jf iAji <LSJI cwlS US jljji 





( -il>*il' iitiJIj JiiJl ) J«mJI 

{ 6jL1b ji ) Jjjk) ^Ijjl jyeii\ yL> i _p5l ,J*fi JlLSj 

Jj yj& j yv Jj> jjji^ jjUJl Ij* (jl jiyij v->j ■ 8-4 JiLilL (^115 M 
j_i jioS JJu* Jl jj_Ul £l JjiDu. d)j jjivil . o£>*j j*i) j^kJI uy** 
IjlS*j . jljjjJI jj —:kb j# 6 oLu iajj <dis J£ i i^u* yt L»i" iyj -<Jl JlSJl 
• j& jjWJ jJWI jJ-d* fjf u[i 

h, m , - "Y, 2 + m,/% +.+m w ^ 

= mjt 1 + m^b l + ... +m w 6 2 = 6 2 (mi + m 2 + ..+ mw ) 

: yij . M ‘Uiill <jii>5 itLou y> Jukll iijjSlI i^yLaJl Jj£|l 9y>* 6% 

W Mlf 

LuiJj , -ULjUl OjLjj » j4_atJl w-)Ll> Ijjll 4 j»L ^ jj 

o'VLjJI jj L^Uf Jj&JIj J~J>lijJl v_(L> ^Ijl>0wI J] 5jU r(l>vi 
<k»—uJl j k I»«l pljl ,i>'I 6J_Jk Jii rjljj 8-1 JjA>JI Jlwj . <ili >11 

ijl^lsu/llli • ^—ilxvj Jj>! jjL>v# Jj> jtjjjJI du>* jj ollbJl jky 

ul>o t <_. Jjx>JL jt>i Jj> jjjj ji JU1I Jjjw 

. j5ljJ( jyai)l fjf J jju jSJ f jlxLJI j_pJl ^Sj 

pL>1l1 i>wjJ j5ljJI py : 8-1 Jjjj* 


Jai Juaj 
k ^jJuJl 

l 

j3 >JI 

^hC^II 

r 

mr 2 

ft 

v_i-oj Dylj ji 15^aoU ) <JmU ‘tiiS’ 

(rL»ii 

b 

mb 2 

1" 




bl4i 

1 m6* 

2 

~~ F - 

( 6 OjLi ) I'li.m 

4/ I 

| m6 a 

5 

) 

( 6 L»pi.pi ) limi 

6/72 

x m & 2 

2 

7 

( 6 LjJtL ) iil.ni 4 j!J jui 

L/7l2 

5" 1 ” 

1 

«-L-j 

I 

( L IfJ J; ) <ii.iii <)iyL)l 











( J <u>Sj iiWIj JiiJI) o*^' 


. / ^JljJl y .j-aijl pj-jj JJ >I <jU Uj Jy jl LuSfj 8 1 JjjL>Jl Jj 
0±** jjj> jj **J' ibS o^i J-»U y / O' £#** Ji 

jayi I jli Jilbj . {^215 fej J JjW 7 

: ^ Ui iu> oil ■ / = mtf» jjUl Jj vJIv illiSj * m(blJ 2^ 

/ = mfe 2 (8-5) 

jJj} ^—>^U ^JJJjJl Jed JLm ^4-s! (-*>>0 yu JJ> y k 

r ■ > r l Ij^J ^jljJl j^aiJI fjfi «Jot J«Lju i-i" y* f-k* ii^ 

k - b o' 8-1 JjJlaJI o-* j*-“" ■ i-iSJi ^ ^lili pw 

6 Djji Jjy «i p-*>vU *jfl\ Jifll 0* ^ 0^ ^ ‘ 

J* iaii 5^1 Ji JaiUt J-ui 0 ^ * = >/2/6 6 ijSJI Jj jSJj . j^*)l 0 -* 
0 ! iS-8 J_SLiJl jt US* >? JliSj , jH 1 0* J* & j* 1 

\ oyiu ^ i>!l Ij^J / jli |u 0*3 • A 3 0.800in 
/ = m *2 = ( 12.0 kg)(0.800 m ) 2 = 7.68 kg.m 2 
LckjyHl ^jill jLju ^ 8-1 JjjujJI 4y*i} li* • iijLJl oJ)l ^ 

, k ^MJo]l Jo3 v_4^J 

: J 9 ULJI ji ILL)I olk»}Ul (^axxlj j^AJt 

J^_ai]| ^Jju USJI »ju> JJUjj 1 jjljj jjlj j^-ai <1 m *±S Jill ju^Jl . 1 

kiu> . I =mk 2 UjUH* ^IjJl >jt ji U^Uj 0^3 7 jJ'jJI 
^jjl j»->JI j-lf) J-5ui Ji xuju yj . p-^JJ J>> >-*-*' k 

, <Jj> / 

KE rot — ■—/w^ ojljjj *i0» <J <Sj> - 2 

<-ixf ^-»*Ji ii> y-i...+ 6 ..< o'j;^' j> Ji T jbj J fj* yy- ^ 

. T=/a: iyij 

,T0 ^ 0 UjJ Ljl) ojjjj J^> U o'jj p£ ik-l^ Jjjji' JfciJl- 4 
Jjiyi j^xaJI ijjJii 

J£ J\yu yj jjl*« J>> f Uf!>U jJliJl Jj-ill fjji 8-1 Jj-^ 1 ji 
^'jJl yL*>J l^i- wl ^ JU>j , pL*Sl »jj> 

OjfejJi oL» . U 2 SJI ySj*j jUI j'j* ji J^> »j> 

: 0 '^ Oj-4 Ji ^ UjSiJ Jj-j i Jjljll jH 1 ^ ^ 

: ^ a&S jS_^ jUl j^>Jl 0 ^ Jy f/ 

l n ?l t +Md‘ l (8-5) 
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( Sfi'A* jJI ‘UaSj JiiJI ) ^llll JumJI 


M . p*>JI '&$ jSjij jUI ji>Jl Jj» ^IjJl J^l ^ I c kiu> 

• 6-u **LJI rf i ^ 


a 


1 

c.m. 


0. 



cm. 

-L- 


8-1 j>*0y JH> 

J* &yfi, ^ Jj> R 6^J jjU ( I ) yljjl jyitt p fr* 

L <Jtl> ' - i i n » <—«_uA2J (y) k (18~5 J_iui ) Ol> ^le IUL yy j.ykll 
J—5" 5Ii5 ji ^ayi I . (y8-5 jli) <J_jL Ji o'J^« a>1 jh ^ Jj» 

. M I> 

: ^iku J^'jjLil 

^ A - * Ji* 4 '' 1 1> d = /? Ujji <iLu jjuj i8—5 JiUl 0 j^»JI (1) 

• JhA“ CPl ■ I,. ~ ‘^ 2 J J-^ 8-1 Jjx>Jl >4. j JJi 

l o =l c +Md'i = MR 2 +MR 2 =MR 2 


H-5 Jiu J ^ 1 J ^ > ^ 1 ** ^ JA * (A £** ^ J^ 1 j' 1 V®~5 JS-JI ^ (y) 

.R»^J-ijMASiaj>(i) fliii-t » okj , l'-i.ML 2 jjyJ8-l JjjL^JIJIPH.jIly .UflljSj* 

. . ,. ... ., ... fe . 

U^i. Jil ^|j]l jjrfi* r jft jUL • \f* W 1 jH 1 Vj* 


to 


12 4 3 


jyxj J«_> M OiiSj R tja L j^x, a ta u ^IjJl j^-oill ^ 

: Ol>VI . 4«l> jit <L*i, JMJ) ^Bjill Jj: ^jyf. 


8-1JUU 

0 1 • Ap' 4 ^ 

. r = 6.37 x 10 u m . m = 5.98x10* kg ; j } . 

: JVjdtt/l 

V KE Ml v L*J yjM oLyJl ^ L. : JIU* 

• ^rot “ ^ lu,i ■ G*r>) J.H 1 

?i AD jJIMI j>,<ill Lji L : Jl>- 
i = " MR 2 : ji a>j 8-1 Jjju*Jl JJ : ^l>yi 

? c>»jbU Ltl)ll *£^-Jl jLkjj j$jj Ju5 . 
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( Sail jjjJI SiUJIj JiiJI) s>*liH 


24 h JS 1 rev jjJ jaji\ J pid : 

V ola>j Jl twill *i* Jjv*j jj_jj-a)i jj J* : Jl^-i 
. tylDl 4^J»*JI ljLo) l^ljjJlf to jP ji o>^ k ^k> 

; J-3jJ o_'ai)l oU>yi J] OjljJl tCj-Jl oIjl>j : AiiiiLUlj JjJl 
ffl* (1.00 rev/dayXl.OO day/24.0 hXl.OO h/3600 sX2x rad/rev) 

= 7.27 xlQ’ 5 rad/s 

ijjSia <iilia , ( otiSil u&Ull J>Ij jipU ^LyU^iAJi ^oILaiJI) 

: ^S ^ 

l = -| (5.98 x 10 2 < k*>(6.37 x 10« m) 2 = 9.71 x 10 37 kg.m 2 

; iajljjoJl lilkll i IjjSlj 
KR rul = | (9.71 x 10 37 kg/m 2 )(7.27 x lO* 6 -rad/a ) J 
« 2.56 x IQ 2 * J 

. JtaJl jA OulaJl JxiJt j' IL4J jt iiJ 


S-2JH* 

. 25 cm lf_J |i_|jjjJl jJai ijuajj 30 kg L$_lii5i 40 cm Ln^Li i_ i »i Luu *l>s 
diLj . 1.8 N Ltjtjta luwlu iyjj UbjLi^ ilxA-'l iil> jl- Jwi< Ja» jijia-J 
. ( 5UL* 8 2 J_2u2Jl jJaul ) . LftjSyj jL« J>» 4;*^ tb»*ll 

<I*aJI oifJ yjljJI a1>%aJ 1 A>y 

: CT iolrt,U JV-LuJ 

oyjl dbhaJI </ j#w l$jJI U : Jljw 
4JUjj . ^JljJI j3_-e0Jl J* jijll uljjJl fjt ji* : <#1*{N 

. 8-4 UjIuU (Li 
V jijjjJI p* oL>J iail5 oLJmIi Ja : JI^j 
jt 40 cm juu ^1p i*-Lli i^Jl yj . i»i* m a>y pd 4 jL>)II 

: jjj , jyJi 

T »(1.8 NX0.40 m) * 0.72 N.m 

0 IfJ ^(jJl jy«a»JI pf jUoj 0 $*i J** *4*^ i> cd* : 

: li^Ul |iljL>a_/i b Jilu luiw IjjIm p»»U ad |»Ij U 
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( *m&) iilU'j j*i)i) J<«JI 



. / =/«A 2 

? u bad ibUll j> U : Jl}* 

a-! ; ( 8 - 4 ) 


' / uL> :2u£Lu)ljjJ*)l 


/ = (30 kg) (0.25 mP = 1.9 kg.m 2 
a - 0.72 N.m/( 1.9 kg.m 2 ) = 0.38 / s 2 


: iA 


i <_ 0 fcS)l JL-i Liljjil jl ^>iJ ou>Jl ii+- olx>yi 
racl/a 2 o!i>yi jl ffii O' 0-* 

■ (*«-*> 


8-3 

ju . 25 cm jjL* r U^Li JuOj 80 kg IfiUS *4^ 8-6 J$-J' J4i 
0-» *3-^11 j-> JlJJI o ***> • j^ 1 olw-,*iU jW <L(J' 

: 8-G Ji4 fj^LH 0^>" L* ( I ) • jli-Jl ‘j^ 1 ’- L ' 8 -° N 

^ tjfi iw J> W & . u M ? 2.0 rev/s U ,1* - JJ 0^' > Oj^l <M f,Li -Jl 

^ r xis. oc (O oijjd r > ^ l,; " ^ u ... 

#>l o» w ■ J*ji o* jjM »>J» ik-l* JjLil JiAll 'j* <J ^* 11 ^ J 111 oLjl 
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(iiUJIj J^' 


Y Ojljll iijJl ^ Jiiujlj i>j)l i>H j* ^ : 

j* iljUii ji* t tytf >^uli Ijj '. 

o) = (o 0 + at (o5-7 JJjUil) 

iJl>JI oi* ^ co fl =0 >iu> 

? « wUJ <*stf ilUl oLjIaII J* . Jlj- 
■ oM* r> j 31 ^ r> ^ yjl411 r 1 ^ 1 ^ : 

ll»,U« ^ijll UjmJ> jti JuaJj VjI**# a^*i O 1 *^ 1 0^* 

J| Ulillt C ilUl ^ J Sli*. l^*> J>) » iM V* J* Jd-l! 

IffciW L»jj jlfi^l jli*% <il J! 

Y if ^ Jusij M -aliS <flljy jajft jJlill iy&\ ^ u*i U ; Jlj- 

: iftUl J»\ ytf/U jiljJI f> u' J*> 8-1 ^W 11 <> : 

I=±MR‘ 

2 

; p ^IjJI jj^iJI 

7=i(80kj?)(0.25m)* = 2.5 k^.m 2 

: y» j^x*ll J>» f/ 

t - jyji X oiljll ^Ijj = (8.0 NX0.25 111) = 2.0 N.m 

: ^jSs iyljli aJ^aJi jli . ^ 

BS I S JMJ5L = o.80rad/82 

i 2.5kg.m‘ ,! 

y> oykll itJ-JI JJ <L>oJI ^LJ |»j^l O^ 1 I# H 10*‘ 

>=ffi ,i»2« ra w |6 , 

a 0.80 rad/s 2 


(-) 


cj->jl JVJUuil 


«* iLpJI UjjJ Jl I iiUI j* U » ^ L. ’ J'j* 
. Y 0 i^l})l b-lj^l i*j U » a jOaII ol>)ll 
Y / y/i e tyjfl o* y^JI L : Jtj- 
: Jfi 4ftbJl 0^3 (AJb » 0) 0j£-H 0* W : 
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( jJjJ' 4 )j>JI ‘Uxij OUjJIj JjLUI ) jjlill L U>i , l 



(♦) 

:8-7 

> 3 kg 4—iliSj . yM t 

1 i VI Jku l_iy AftAfrJI iS ylj ^UkJ 

• {/ ^ J ^ y* 


0 = |otf 2 (y.7-5 iU*]!) 

; ji x±j &Ul DjIaII jj iLLJl 4 jjjaJ| ^illy yi^yuJU 12LiiLU)lj Jx)l 
6= ±(0.80 rad/s 2 )(16 s)'-* = 99 rad 


( -> ) cjjJt ^yil'U* JV JuUjI 

V J* U ; Jlj»i 

C^-dl f)r JjJjil Ja-H - jljjll ^'y X Ayjjll <l>lj)ll : 

W-TO (8-UIjUII) 

! ^yif J-axi <LUl LjjaJ! yJl j»ljxi_ilj 1 
W = (2.0 N.m)(99 rad) = 200 N.m * 200 J 

J-t jJLl ! eLu*bl -iLk JJiJj ; Lot* ijya u i_i3^iI Ijjk y oU>jll IkiiJ jJ 

£<jj) a^iJl JUj . JJLiJl jljuu J-lw H 4 j(j N.m yb jljjJI fje ol.i»j J 

. ^->^1 j-li L*AjL*i yL»L»i> yljjjjl *'/■ yLx) yUjkaJU <a3I^» 
OaSJI J_ky Jy ( LjJaj 'll LuS ) i_yljll "o.!j)'l y jljjjJl »jfi y^i 
! olj»j)l jxijj |J jjj ^i> i J«JU JaJI i>0LJl 
<L><aU iSyJl OIL i^«i i to ji JUd ^IjxjuyL ; jJj+i 
200 J • 5jL>VI 


8-4 jli- 

Ub^fcj 40 kg lyJOS Jfi JjiL J*> JyL ^ 3 kg yJli jk 
(I) i->y . i8—7 JSLlJU yyjuo y US 0.600 m IfJ ^[jjjJl Jai ui~a)» 0.750 tn 
. Jaj 10 S Jjl y yJUUI t jki ... ^J| ijLil (y) % aLxaIJ L«l\JI dxiJl 

( l) JVjLLu/I 

V a yA«ju OUy : J\yt 

•jrj <JL>viJl ^k jiiil yljJjJI f‘y jiLflu j*A" yl(8-4) T^y ■ 

( y8-7 Jii ) <Jl>Jl ajjk J ak xll . IfJ jj-ail* 

. 'CUaJI J^> uiylil JwaJI jj Ju2jl y* yjj yljJjJl f'y jiL? yl 
? LfJ jvaiJl ^y jlji* U ) Ltuy lay Cx«J [ Jl^-/ 
Jis sJ.rtij 4lliS iitjjui ^IjJI jyaii I ^y LilS y£u ; OL>VI 


-296- 










( ‘UiSj OlLJIj JiiJI } yjtjJI J_aiJ! 


l*Mk 2 

V a ,>ujuI IpIjikU y&*il ibUll jM U : Jljj 
Oj>Jb 4 a>1>JI Sj^aII j} Jyjjj jyli : <oh^ll 


(i->) f. JVjlLJ 

f juUI Ju S : JIj»i 

I I >i dJ+1 t T Ojji xSu ■I-lLc wjlill J-alll JouaJI yy ji aX| ! 4jl>'l'l 
( _>8 7 J_Sui ) j>Jl ^..< > ,1,1 i—Jiill 

• ni 5 “ T JjLj i-J'iJl ijJjll *yJl jiL> J 
? wJliJI <Sj> J* j*LJ ^ill <JjUII ^ l» : JIjm» 
• ~ m S~ T=ma : Ol>Vl 

vJUjl <S>> <1 *pj i <Jb>*Jl <Sj>J iyjljll <1 *aJI oh o'iU <jJ ±>y Jj» Jljw 

Vji-'J! 

rQ liL> oLa ^Jl Ll^j 6 Ojlj 4>ljJ a1>jJ! jljj ju* yj : 5j^I 

. a = or : jj] 

1' jjlUl yv'iJl jju iy^l! ^LtJ «Jui : J^»i 

: J] jliljUil Jj >jj ra jljilly a j* jiy willy 4yl>)l' 

mg-T=m(ro.) j Tr-(Mk 2 )a 

' jl X>0j 4 JwJI j-sI>y jyiJjUil *J r j V^’ <JjWl yj-Ay) 

a = — r y r .i mgr-(Mk 2 +mr 2 )n 

Mk 2 +mr 2 


: i^iL a jL>J j£lj j JjJI 


(3.Q0kg)(9.8m/s-K0.7G0m) 

(40.0 kg)(0.600 m) 2 +(3.00 kg)(0.750 m) 2 


-1.37 rml/* 2 


a = ra oWl ^ a iU*ll jb«J lj&» 
a = (0.750 m)(1.37rad/8i)= 1.03 m/s* 

; ^ (U fl = 0 du> ) ^«jlL yllill Lj l »Lj j jlll oLJl Liy jjJI <bUll jlj 

y = 2°^ = 2 1103 m/sJ)(1 °'° 8)2 = 51 ' 5 m 
jjl_u j-LlLi . ^_ll±u^l > i>ll AjujuJU JJLl JJ AyWlf <wi)u OLlI oi» 

oLtfu ( iJ y_»j i jjlill pjfi Jyi^ 1 li* |*ljL»sju-< <jSiV iy-Jl 
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( kiljjjJl OlfeJIj JiiJ! ) ^*UJ| Jrfifl 

°j* £-•.> jUw J* Jj*iJl ^ULjkJl jk »jftj . <I>aU ^Jjill ^ 

, ol^l 


8-5JU* 

. 80.0 cm l»jj uU sJUJl Ly« j_w 8-4 Jliil iU*lJ 4 ^ 3)1 kjjl 

, ^ yfljL oLUl oli^U ^jioJ 


:,j4lai»JVja«l 

r Ji>li ij* j» juii ^lSi ijuii y l : Ji|- 

&+*• oyk S-aiM <jji ,ii yl^j dl&^ll v Lc J . ol>yi 

. lifli PE KE ^IL 
? (IWI <Sj> yiiu <1>JJ iyljjl «j_Jl Iil)U L : Jlj»> 
. r IUJ iiSJI KE j, *> i/m 2 4^Ji Jl oU» ol*yi 

¥ 0j> olLJI *IL o^li LfJvu yll iljWI L : Jlj* 

: <i»j v KE« = 0 k ^jSJl & iS_^>Jf ij* r UkJf jl i^u> ; oUVI 

^■mi; 2 +^/a) 2 +m£ A/t — 0 

AA = -80.0 cm ii> 
¥ w ) v & J* : Jl^ 

r tj .Li ci-<w jy>j ^_U j _. j'ij—ll ,jj.U isu> Lii« ^ ; OL>VI 

Jjj-aH 6 SjfeLUl l^jljJl M yjkiJI oL-Jl ^ LftUII jjS3 

■ v = ro) jl dJ j ^ £Al>j , M = r A0 

¥ (0 l~JL LfJb. r jVJl iJjUil jjljAlt Jlj* 

.l=Mk 2 |(mr 2 +/)u 2 =m^M : <jL>VI 

• oji«li fjli ^^ili ^ o)2 jj yjL C^i> iljUli «i» J> <ji*, iiiLUJlj Jxli 

a) 2 =2 mg—- 
mr 2 4 Mk 2 

2(3.00 kgX9.8 m/B 2 K0.800 m) 


(3.00 kg)(0.750 m) 2 +(40.0 kg)(0.600 m) 2 
« = 1.71 rad/s 


KE ci Ji_>5b i KE <Sy>JI tiU» ^ J,U 1/2 & J d^> 
( mr 2 )l(Mk 2 ) jjLu ik>J ji* ^iyi JdljjJl Jl iJliSJ’JI 
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(iiiljjl d ^yJI LsSj iilWIj jxiJI) *li)l >ill 



J-bj iJmI (gj>vil) JU1 jU-V' 

j>-l m> l+l »i» JjW 
LJii J-lu»i ««1i is ^ »u5j. 'j+ 


. ^ui juii j *m i+jijjJi is^Ji aiiy f iuJ ysii ke *-*» : 

. KE rot = 0.894(KeJ = 21.0J > KE rot = 23.5J ; 


45yi.il 4Jl£wVI 4*ljjjJI 45yJI 8-3 


JS fjl* Jiyll lj* J fij >I uj* 8-8 

l UmII py olyi jJu J tH jd*^ ^ CH 

Jy jyjJ 4 J*aJI yi US i » tm UjUL i*j-u lliii Jy-i » <U*JI }Sy 

4J L» j>sA\ i_L*Jl jli <*Uj. (o Ujljiu ««u <JuSJI jSy jUi ;>^ 1 

iS j> iilLj iJU&l iSy iiU 

UjS* iJy+—Jl u t U*aU LJSII i-SyJI oUs > i> 

jS dJjj I LJM iltf jSy jlil j^JI j» j+M jy« J)> Clbj 4 * 1 LJ^ l "' 4:Ul 

ilUJl »o* y , bjU f-*ll *Jy j* dill jy*H y li* 


to ♦>* ^ Lli J^_» Lyljo LSyj l+llittl iSj> Jyou *jl£ll iSyJl oil 

. •JLtll UWl Alii ^ ...... 


_uljjJl *SyJl olisj iliSIl jSy LHiSiHl ISyJl aib gy*« jjLi ilsSJI j$jv 


: dJjiSJl j$j*{ jUl jyJI 


KE « = | M "L t 2 , .“ 2 


J l> jiljJl jyaiil ( ,pl r i y>Jl iilS itj* U c m i y>Jl UjSM^u> 
ilsSJljSjifjUl 



: K-K JUi 

i_s> iUt+l jA iu*i Jjjj & 
. UjIjjJ is> iiUij UHiiJ 


J KEy, ^ui J1L1I J> j KE jfi %uuJl »j> f*L3 JoS jil r^y- 

. cjyi y-ij y ke io4 


8-6Jl^ 

Jyju-a oi >- cySJI 6* J* m r u >^ ^ V ^ 
y fUUt J[ l+Jw>j xit 3^Sl! Jj_>H jb . ( 8-9 JSi ) h **&,! J1L» 
( <L+i JlSi>“llU oUJI Jly jij y-Ui 0 1 ) 


a 


? ipb* Jiy> li* J* 3^- J 411 W 11 ^ ^ 
. ijiylSUll olUl »U+ u : oL>V! 
y iailfiJlj FE ,> JS lui U : Jtyw 

















■ 8-9 Jii 

j £l_J ■ jitt jr Uijp 

UlL) JL J U4* ^U, J3US 
4_iHj ajUui iiu> 


J^>*ill *Ua5j oUJIj JiiJI) ^>Li)l Jm )| 

PF ; = 0 j 1% = mgh ji jU 6 y^S JiUI >B y-iib ; JU>yi 
? Ajlloij'il KE Cui u : Jl)— 
KE 0 = O . KE, « |w ( j b +2^ e © 2 : oL>Vl 

H ( uj L ; Jl)- 
• / e = g’ n,r * jl J-jj 8-1 JjJufcJl ; <L> 1>}|1 

V w j f cm . Cm -tUsjl ijl J-» ; Jl)- 
. { 7- 7 UjUII ) u cm - ro) ; jVjil jj li <>j>U» a^SJl oilS tills 

. J aj&}\ lit ji>0y ^1 lj| Lkos-o 'i !jj> 

V oUJi {jy\i & l*Jf j-«j ^jji SJjbji u • Jl)- 
J! Jj-^ll U* i^4JI 1+JilL o}i PE IfJS'S/l! ^1^1 otDl J ; ol>VI 
^t.m. /r * “ flAiO-lo . PE, = KE, ^ JJiy » KE IrfJS fliJl 



Ijjj . AjJl ^ j ut . j> j r Sj£)l jJai JLfti yi Jau>'il ! AjIsIhJI^ JjJI 

. £*laJL Ia«»-> jjS* {>} dJj o.li itL-« mk 2 ie^iug ^ / £ 

Jl <*UJt, l-o** Ji#Ul ibUil J>* k jfy . jjjl>J| J£ ^ j-oij m JjjS 

• J* J-»- 


2g/» 

"i4 




j,jjb JU i ^ . ^ISJI j>JI J^jSl ^uaJI plill j jJa; 

jLiHVl xUI JJ^ ,iUl i 1 k Jyil j_»Jl ^ f^AX« lj*j 4 jjjJI 
4 ijliuty luijjJl OiiSjjJI Cm o*~i jj <JL,Si PE J Juu 0->J 
^L£i»l H j^jjl <JL> ji L. Jii 3JU5JI ^5jl i^l^JJt <PjJ| ^IjL, o^i, 
JiUI tSji—ll Ji_i jl 4itiJy;i J, t J* ijfli £j>sz |J lj| c\ JJj 

^1 ic^Jl yjL. S-^5 ^ y »jj> , oj^ ~2gk ii'Ul IJj- 
h SjJ fU3jl c>* Jj^uJI ji j>Jl -uLui! 4irLJl JiUI ^ l^ jlp Kl--«■ 


8-7J04 

JjS’I ‘ r jEiJI U-i jju) m JiSJl l$J <Jxu« ^L*>l LuJ jl yiyiil 
ir^LII ilk Ol Jj Ijj . dJlillj o* (jjillllj sfi JS-i 
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( ^tfjldj*3)l ‘Uoij iilUlj JiiJI) jalaJl w LuJl 

ai& ^li i fUJI j* li <pUUj! Ji i*i jy j* jj5t~Jl o* lityl jj-V j 
? fUUI J! %\ J** pL*Sl 

H JVoLai 

Y « fliijl JJ J-tfH! ’* L* • 

JL<i JJ <g£j> iljji oLlI j-ia Jai^ jl jwl' iWoJl pL**S'l »j* j* J£ ■ 

• J! 1(jl J**! <-*>»' > . * jjJI p***N jp *d*) • J^ 1 £** 

Y Uli>j oUj-v £pW J! pL*^l J- 8 *- liU : 
ijjj IfjLi J-S jjxj ji’j-JI 0 «oj JlJl jic <MiJI pL*ty Uoi# ; i?L>Vl 
u~J «Jl*JI alj> yj . 2nr l*jOi iiLu illS )S^j »L3i iUS 

jIjlJuj p*> JJ Utf jSjl yittl Xj> u‘i ljy> J* ^ ^1 PE gjjli 4ili 

• <J j 31 ^ 1 jH 1 p> 

Y jiljJl j^fliJl p'jt ^ii ji* 3 <*WI <JjUJ> j* L : 

. Ufctj jaUl jUil J' £> ; l : ol*)|l 

pL*U jifc| . pU>5U jJljJl jyeiil pjji ^will |> tljii3U*)lj J*ll 

; j| ^JU U y& jAu jjJl ii'wU' <Uj <JjIm 

2 _ 2gh .2 gh 
fm 1+/,/mr 2 1 *JV 

N liij l ( ^iljjl jyai Jl pjAJ oIaJI iljUIl ^ jaadl JjIaII p N sli^> 

■ Sjflif . jjUJ i jjU 

tail 

v cm (hoop) = 2ghH\ + 1) ■ gh 

v (m (disk)« ‘Ighlil + 2 5 = = 1 - 33 ^ 

i/ £m (sphere) = Ighld + |-) = -y gh - \ AS gh 

i oiljjJ KE Jjl uiy— (5^1) /. ,J p-*^ 1 jl 6y lj* i> 
JJ J_^ ijjjl >> jjl p—C»JI la* . jj^l j* <1 yUai'Sl KE OjSi p$ 

., Jill fli 


jjljJI Jj>jJl 4 jj5 H-4 

y i^iljjjJlj 4_)i»*Jl jftljUl j^ j^fl ji> UljXfcj jill j^l o4aLiJI ‘jJ ji 
Jj_*a)l Lui'Luujj^ . jJa>Jl Jj-»oJl l -ufl jjJjJ J>>>l J*Ai ji 


-301- 











r 



fy) 


: 8-10 J&J; 
1 j— 11 JJ* (») ^ J »jiJl 
uua 

jJl>J VSj 4*j*jjl <t 

• j—JJ»-* i-lii-t Jt. 
»>* J ifi i-ttU* OH* ^ US 

•M 


EM 1 j—“ j^ J > U4 Irflji 

Ai^j /ft) Ajjljl 4ijL 4**S Jli5 i^lji 
yJ J—HI jA jekJ\ jiXti yiJ (s 
O—^i »- ljli tyji-ll 4^j 

Jjx. 

U 1^—# J JJjJI JJ*- Jj 4*lL, 


( ^>>*1 ^>j ttiM lj JAiJl) 0*l5JI >UI 

Li^P O' l*- -**J • O'j^l j* ^«-H! /'jJl p~»J» ji AiaiLxrf . Jjljjl i ^IjjJl 
m Jlii/fl jJlili j^wJI jliu J^l> ^Uvll Jj>j)| L4 
j-V 1 ' jJljJl j^ill L* o'jjjJl ill*. ^ oUjfeUll olSpfll O' . V ^lisfll 
: O'iUJL jl»*» L Jjl^l Jj*uJI 4 LlL £,i luxu J UutS^ C (0 Ojljll VjJ\) 1 

L = jjljjl d^aJI 1*4 - ho (8-6) 

OijjJi ^j_js Ji* i ol*«3Ji #Lkji J III. *i^>i y u<K 

I*LJl Vj lL: OljjJ «t*il ji L.J lL *Laj ^ t tyljJl ie^jlj OjljJI i>lj^lj 
*-*0^ JLi* j&j . c^li jtiiu j^xj Jj> IaLJI ojli fi jljjj sLxJl ji ji 
oL>JVI j4ij o‘l ^J o'jjjJI ol*3l J-»y O 1 -^**^ j V-L* p\ 

( I 8-10 ) ^j> f*?JI jJJj jjJI jy>JI 1»ILLI J* oiw 

<_i_L LU Ijl^ v_/8—10 jiiJb ilUufy oljjJl #l*rt o^yi li^Jl 

^ ^ M 1 •jj- r-^ 1 u'jl>-» »i^i y j>xji j^> jji ^L>i 
oLtJl p ab-O^I li* a£i ji jl« Jill jJj i jljjJI Ja o^LjjUl 

Ji-4i jjjjjjj <,*4 ,bfj| JIiJLj * o^ljjl IpjJi 

i*LJl VJ CU o'j^J *1^1 c>4p JJ «UI Vj Ue ^Ijj »L>jl ^ ,1^1 
UijUl oi_» . d-iL 4L jlxD o' u^i L. I i flfl'Jll »1>J^ ^ISli j j>* J| 
J-JI ^IjjoJl jyn i*U3L-rl jA* ILI^jJI olfxOil oUUJl J-»y 

• jj^ll 


J>^l "<*S *IL 0>iUi jvS 0> JI 4^ *u# Oylj <iJj»SJI i**5 gs 
: jiL L4 jjljJI Jj>JJI <U4 «IL jjil } lii^ ^kiJl 



(w) (I) 
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( OjIjjjJ 1 JjmJI IuSj olkllj JiiJI ) j«li)l J<aa1I 





: 8-11 JW 
jJi—L ja V-il 4ji 

<_LL ic j» urt^i <L*j 

• o^J 

0 


pj L* ol_>Jllij jiouLii jj cJuU fL>'l(l j* plki ji t&S Jto 

: ^jl> jljj jib flMl ji p->Jl jLs yji 

IT = 0 afii UjJtf Iw= corwtant 

p_> p ~.*.l l jJi f. j_3jj pj I jj ji-au ^ J^l •u*i c>uj oL>jl jl ii> s i 

V iJjb iSj> Jl jljjJ ji Jj*ll 'b • o'y* ubj J 

ji dl&u. 'j-b jjL-w V jljjj jib^-oJI Jf 

LJ)i* <Sj> jj jjjj bU* jl kuy fljjo-b dby lb j* jbau 

_ JLul jj_>%» Jj_> bxft jjJ-J Ljb I !)b» . ( }li* bll ) 'bj- 

, lj_> Sjjjj Jjj il**Jl jicLL: pJL jj*JI #l*ll jAJX i&H ^ jty* 

LuJii JdJ <_*lUl LS^>JI jji ^UsuJl lb Jl* jb jl;jJ ^ bLu Libj 

«b ji j-* fdjJbj , 4jjX> *jil £yj L £_I <b)Ui* jOy IfiS bl> 

j*_Ji j- jLi i J-Ijji Ji\ lb ji **£ ji *, b^s J£i jiijfcH 

, Ifb buy dUauu ji dtj.1* ^5 Ji J3j i OljrfltlJI »b jk 

J \layA> dJj jbij t LuJkSl bU ji jllrfjrfi ijf* JjljJI <mS tli* 

fpj Jl* i <*J>ljJI (ijiJI |>bj J*lb Jd> j* J*ljjl 6jj-ai fjf Jt&i fllw (ji 

jbjjjLM oldjij **!}<« *£j> jj JUI ji ijus! jd>JI J* yblj jl jj*bl) ji/u 

J] wujii OjjuJ jJ LfMjj* jby iMJl jl , »J—> Jj I»^» A; pjiu ^-5 l^iil 
. iyl* ii>5Jl *U* j* fijlb Jirf jjlbl jjusiJI fjfi jji c j^lJUJI ji jljjd ^ 

1(1) jlbll jji A*^jl> jljjj {)'/■ vji jj->J *JjA> Jf*i ’b jS Ijlbj 

fjj, IjLj i-b . Jlllij . Ill Jjill jljjjJl Jja* OJbj v 1 ^ ‘ bull J£u jl 

. iSJjb yuulij ji <0jljjl itfjJI Jil ji Ju'i jlllll jjbUl 


8-8J^ 


j^jl . 8-11 JSuUU juji* j-» L£ jiji\ Jj^> #jb ji jjj< C-jj 1 l^lu J*b 

Uu) ) ^/il j-* HjL-i* ji Llsii Ojji xb ^bJI ity* Jjlxi* j*y *u-*lll 
. ( £jSl Umu ) tJjSl j* »jL* ji lUu juyi jbj I ( L><bbJl 


: jibb JVJUu/I 

? jjiJaijJI j^uU jb jbc^l lyju i^Ul li^ll U Jlj«u 
J^>JI 1_**J »ljLi liibi jij t itjib* lujljJI J/^l OulS lij i 
jliiyjji jlb_yJI jilt* . jjuUJl jJU jb . jwj^l jdbj-il fl j*j t Jjl}ll 
• juljfellll ji» ' »»i »> ll jibjbb 

? <bjix» Jjljjl ^ kb!5 IjJ l* fltu ; Jl)w 





( kiljjjJl d^uJI iuSj iilkllj JiiJl ) J^iJI 



Lf-k al jfcj'UJl Jjill jjjJ Uik 

. JLJil W ^jl ji Jjjjj <ljk 

f wij J*uiib CliSkU J* 


O 1 ;^ J\+ £b tilj ^1 gbli Ijl Itf ^*J| ^ : ^1>VI 

, jljjJl fjP V L>J AiJAi ^jjl^ ljj*j . Jfcuu 

• Ii* J** jlkJ uuS : 

'jjj u ±/)L k-> i»UU ^k yu >/fl lujl> jy jJj; • ol*Vl 

O^J! (>* J j—(V^ 1 jk* jk l]j^ !^>*. Cj5>l 

Jj_>Jt -Ljjf Ij^* 4 i lj_L> iSjL* Ik Jj> i^jl>JI oy jo gjUJl 

. iuli j^JI Ik JJ luJL ^k/lll 

? j^ljJl J^lll <**5 *U/ jj l^k jjJl <JjU 1I L : Jlj* 

tfk j a + * > 1 \ Ch>/ o j P o«U—Jl jlJiJi flj&kL ; i;l>^l 

7 p w p =7 u a) u ji L p =L a vUS ^ -J>Ul 
■ j^-kJlj rjS’l jiki; ok ^kjSl ^IHJ ^laJl J^SII fjt jljJu l* . Jlj* 

; yji c o3jSl (> yi-ajJlj -jVl jjikJu ja^ r f k /' 0 ^IS Ijl : 4 jI>V1 

h~ mr l ) /*mr 2 

a a J p p 


. ^jSl ^U)l Uli m klu» 

v k£ LkiJIj jak^Jl k>u ii^UJl ^ l» ; Jl*w 

j^Jai^l Ills' juk 4_,ijLiJl iiL-Jl ^k ojyi iJkJI kjJI J ki*> ■ oWI! 

; ji* 

*',%“* J (/ « =r a ,l, a 

: J-^ lij 1 } 11 <**$ »l*< OjL ilSLULitJlj JjJl 



-t«(r/r)UJL 


P./r 



' CMl 


. yjj^l ■jf ij*j ^ txjLs j*ji\ ^IsJI iUj- jb Upj 


8-9JUU 

jl^xll LLIi jiik ^ 3.5 cm ^IjJl uU LlS 8 12 JSLUI Jk, 

^Jlall j^aall jy£j DWl )j_» i L»lj_pk* Jjiku >..ix>j LS&»I *ll 

8-12 Jik, j ,7=8.0xl0‘ 4 kj(.m 2 (^[SJI ) U^I)ku*J 

ki—! i-jft j—SI a) 1 ^ ILU Ijui . j 

? (jJlslI yj ^ »U iJ^Li 4 ^rpm Jxam cijli Jjjj u-ISJI kiwis Ijlj , ji^xJI liliirfl ^k ^iS!l 
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(jjj) yiwij j*i)i) j-«Ji 

»UI y* 300 g Ji *£y*j Uatf ijj'jjJ 1 J ljij 

| JVJCwiI 

? jjljJI *m$ J* : JI)* 
US^. 'i dJiy i jijjjJI j y* iJfcJ Ji j-iill J>Ji *111 Ji.^j 

. jJIjJI |»U»i)i Ji jlj^J Ji* O' 
? Jfyll Ijjt J jiiz .i L-bUJI j* L : Jljw 

JJj jAt tUu . 4 JAI 1 wU}J 4. x t » p'JUi! jiljjJl jJlill jyaii\ jbji ; 

. i*tf L JJsu jl> jljtJl J-i** J*i 6' 
f «LU ^IjJI jwsiH fjfi U ; J')* 
jij JI ji 1 '■■<■; . '—JL*. Jl>Jl J» L*S 4 \j!M jl^jJ! JjJU jj£< U. 1 J • 

^LSU j-JmJi Juaj jjl—u ' J . f» l o*j JStai LU jio,j ‘111 jl 
jjSi *LU ji'jJl jyaiil fjJ ijllfJl <*14)1 jl* <J*j 

I w = 1(0.30 kgX0.035 m)‘ = 1.8 x 10 4 kg.m* 

* (ijljJl 4**S ‘Uj La* ■»* J«a>* jd\ iJjUll j* U : J')* 

*#«*-(*•W 

: Jt <IjU1I j» J*)i 



(2.0 rpm)(8.0xl0 4 kg,in 2 ) 

’ (8.0x10“* +1.8xl0' 4 )kg m 2 

= 2.0rpm| ; | = 1.6 rpm 

i-S^xll iilL J iuu| . LfJU*| oifcjlsjLJl «Ul *£j> oils ji jijiil • 
ii&Jl oifJ iiij> liU . cJlj*ill IfUJ j* <5UI J 19 J£ *iV 

? jjyill 


jjljj! J j >jJI jjf jljiu yJ\ : 4j#J> ju 8-5 

ji jSi *j ji< ji /-e i Jy^ jj v 'jeA-s jjk ti* J* J! 

. •UV jJ< (j*iL*) I J*y> JLSil J**- Ji 0>U), flfl ^ U 
4«-Ju j-ky Jj 1 oiyJJL ji ollj)l> J! ,>j> J *UI jS*e 
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(dyjJI S**Sj olUlj jiiJl) &#liliJ 4 UI 

>-»i JJ LL>j oi WjiL olL)* JJ tUl pJL* de yS3>. o!>i J| JJj m 
oljj (> tfLSj* Jj il]| fa |j| Li L^jj iQl ji Vs 

^ irt-rtl ijj oji Jillj . Jfc *U M oji yli Cw^joumJI 

1 j-l JI 'j-» '» USj . 1 ^» J*l£ 

1*J*m (j-UI cUAJl fa Jj! jhiw j>lya j| ^ ^ Lit^SJi 0 i ^ 

• J>, j !>r)ji j 1 ujlP^! 

** jJJ! jfa li* . yijJlj JjUljA* fa £i\ s i> JU* fas J|j ^ 
*L>iJl oLU; Jj . Litf oL*£II ^LJ l^iy jj ^j| 
jdi^Li j^L* La^L tyllj iiLil ^ ^ *_Ui jjUl Jijb Li-^i 
^ UJJi ^ ■ fa Wl y«^ £h » y^iLuijI t Ll^HU JJ 

o-*Jj y*-^}k>JJl L*Jlj UjJij JbJJi ^1 jjjjji 

L»J J| J^yi ^ JJA> fa a^fa J fa fa l} gyj| j\ fa, 

JJfa mJ'-4 jA* jifisll J ^i v yJ|l IL ^ fUil ^ 

‘ 5jL,J ir- Li r* J >*j W! i> f*jM • jjijJi siutf 

olilbj Lplfjw ^o' C4^ wjJ^i <is$ jli i ijjJJ LAI I LJjSi oUi-^,'1 LAS 
• J-*^' J! &t U-*}llj yA*t IjJ fait Jj JuLtJ JAU fa j [pSy. 

yi jyS5 yJLjUJl fa faj&fat fat fa J fa 

‘UijjiJl iLi> ol^U 0>Al ol ; *JJi jju>] j^iJi # a c*Jl5j ; Vfas oL«5' y 

fafa\ o^jij JJ^L y-£L* jLiaS’l yl^LjAl yjjl 1905 j 1900 r U ^ 

( »J«a!l Ji ) Lclui^ll olkll ( ) yaUuij ( di^L ) djjujl (1 •■*> J* Jf 

i>iyi,dJiisu,ob«i»ui6*«c.irf. J i. f j>* J j f ^ijuiik,ij, 
^Uyi LiliJt ^Ui jltili fa ^»^fa »ylOi t fa } JJj3 
<-iWl vjL>dl ^5 Ll1 fafal ^lLi_i l,S ; L>LJI ^L*Vl > k> jJI 
‘UjrfiJl iIsjLm JJ SjLi^Jl jfa U»J , L^lill Ik-I^ *^a)I 

L| lj_»j I Ch 3/U»JI y^L# 0-. jjwA (> liuj 3ycL Ciilj L^witSIl 

. yjj’-Jl JAUl ^ liA: yiiL 

‘ J* OlLII ^ Jl,^ ||Jl*JuJ| wuililll OuU 

: Ij> ifa> o^lDI (A LJj . iti)0 CyU t h 
h - 6.60 x lO' 34 J.« 

I^jL Ifait ua ( L»j >4 ) objIjSJI L_U oL^ J W ILjl* fa • 

'i Lxdl jl A** ^ V li* o}» d)j ^ u*4l LlL‘j dtt u A olAJ fa 

.jfiatSHfi+tfjtojLJfi ifafaljSfrfljlfaSifa 
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( wJ_puJl <LoSj iilJJIj JAill ) jiljJI Jjill 

. L jjljJl oIjl>j OilUl lj* oIjk>j J Jfc>^[ 

1 J.s = 1 (N.m)s = 1 (kg.m/tf).m.B = 1 (kg.m a )/s 


; L JjljJl Jj>JI L** jljil LU US JlaJ h lui Ijl U JjAll ^ 
yi £****’ J-* ‘ j-W l#. f—**J L J /2/ iii ^ 

J-» lii V V-L^l «i-fj L lifiLo# jjU jJljJl ^>JI jjljll Jpull 
t{Jj... * 31 2 1 i -n^,u«>Bjk 


KJ£ 


rot = 


' ijiSi ^j. > JJ lul^jJi 

<«*)* „2fti 
2 / " 2 / 


Hjlj V/-> ^ jljuii Uf!J> yljU oulf iji 

-UwJI cuL^ IjJ U mUj /t J /2/ L£« KE >Jj hll tf*. 
L^iii 1*5 lji*> ji l^ji ji um£; iSjjJI i^l 

j_LjJI ,jj_i jjJJl ^Li iL^^aJL j£*ii yi ^jjkj i i^VSJl 

• KEwt /|2/2 ^ /-J' ywj 4 <*)lj Uj- jL»\£ A / / lu^illj 

Ii 2 I2I ^ ll> I^S jilill ^ W |»L*^-Su u-JL 
• J-*-* 11 W & »>*" J"** 11 y (> <il » >*JI ^ &>Ui* ljj« 

jjaJ 50 g IfiiiS 5jk-u ( _ r ic KE lul LuljjjJl iSy»JI iiLLJ iLLJl iLUl jjukui 
jlj Lji: 5x 10^’J jjL^ tf^l lilt ^5 jl jjvl. fij, J»> 

1 w^ 1 4>j i> ‘ oM< obU . 1.6 x 10' 31 rad/n jjU ojlj h r 

Ijl L . oj! • *&* ji j» ll»j ; CLi IjL> oljAu 
jLui.1 Luk ^>c yji J Uijill A Uii £,Ji CiS iSjljll J^aJl lu5 J_jL jl< 

iijljjl J^-Xill dUj fJl*! j_|j jJuJl »Uu» ^Ij jW-ai ^jp illlj ^L>i 
LwUj ojjii* jJljJl »jj 5lp J>> tUii ^jySSJ'JI 

■ ^2 ) N.j Jl* ijjJl 

J^jJI <ai£ (3-uki; |»li ^4 Jji J*yt \L jSjvA jil^l ylS 

^->Lu4l ; *^Jjl ^Luil Jm; dljj 1011 J yrt-jjjyS'l 5jj ^ 

UjV JjljJl d^JI yl Jky jiyil jjj , ^•jJL.Sl o ; j ik-l^ 

: h/2n coSbU o^l>w7 oUpLoj j tLu ji 

(<jj_p5U^U ) L mr i d)=n ’^~ 


^I *djW k^ 1 y J^ 1 r^i* 4ii J^Jlj vi>ll y*/Jl lj* s^Jl i, 

oL*iv>^ j-J jj*ill *J4SJ 4 *mSuJI OyjiJI t j l |~,tii ;j jjj 

j u^ >a i '-iy 1< ’j*j ■ kjWl ollij^JI ytfLjuui ji jjjll 

LuS ijSii jS\ Li^U Li^- 1925 f U i+i ^ . y* ^lill >i|i 
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(tyjjJ J 4 UI 5^Sj ilLWIj juJl) j^i 

Ujj^pu j] djjy jLjjJ^I Li; LjJj: 

i^ 1 • ~(A/2*) Ujiaii * <J)*j ,i. tjy*, j^> Lii^j <-*) 

. j^tltu Jl*n J Uj^j Jup oljj JJL +Ju j£*i 

j ^ ^ lj # C<r^)l uj*Jl i> iftUll jjoJI 6‘ iSjJ li» > 
d^LJl jL Oj^Ul c^Sill ^ 1 tuy l^ki 3^i!l oj* jjj , *1^1 
*-V0 • 'ij l 3 jl 4*$J ^ljjj)l <51UI lu5ui [jyi lj> j^juall J^JJ 
'will JjL Jj-i: ^ 4>1>J coJ jJJI fJJI Uoili^ »l^l ^4 ^ai !jj» 
i5jjH Oj-ij (ijill liu-Jl Jt 

^JjuJI tJlju&i 

: J* Ijjli j>& yi ^ J^l Ga cufjl jjj $\ 

1 Jjfj-ll ^>jf SjfcJ ( J ) * f-y^Jl j-bj J-*Jj jJttll jyei)\ r > (W) k S^ljjjjl 31L (i) J^yO. 1 

. dj>oJI ( .A) 

• W*F,x ■ f) = mw t KE^s i«w* * F=mo . olftnUj^Wl ^bS-2 
^ yL>j il^Jl jU j>x. J*> i 8-1 Jjx>JL ilLdtf t ikuJl ^iljJl ; wmJI ^ jb>y|. 3 

■ A* Jj*- 1 j'j* J>> 4-1 jJlill 
. IgiljjJI *4*11 olj <S>*Jb ttbull ^U-Jl Jiljll Jr -hi 0^11 . 4 

. iWi Jiiui j *>> ait y oi ; jji f/ iu* ^ J^iii Jtt* •* uuii f umj . 5 
cjy 1 y-i; ^ 3s^ yai is^i ou> ji^i. s 

• ait llL y*M!ol ^ill JILll J> - 7 

. au-Ji JJLII 4.I4U.I) Jjijll iu* iiL jy\i J*; vL^. 8 



__ jA>Io 

: ^yLjjd 1 oul^Dlj 4iutl oli>yi 

: (L) jjljJl JijjuJi <uis' 

L = ld) kg.m 2 /« ,i N,s (8-6) iljUll 

: ^jwLI ^jLwj oti^jju 

:(/) jjloJI jy0ii\ (y. 

I = m,r, 2 + + .... + m / n kg.m 2 ( 8-2 <JjWI ) 

. 8-1 Jjx»JI <441 ^U*Sl yiw^J obL>JI ai* Jl* ytu 
: JLaJ 


- JOB- 


1 


















( iyljjjJI A**5j iJUJlj JiiJI) jillll J*i)l 

: Oj^aII j»>fcxll fjjJjJl jts uu«3 <U*ta jjljJt jy&&\ Lltf jf*j 

UMh 2 (WdjUl) 

: <LjjtjjJl if j>Jl ill> j> jiljJI jjjM jyli 

T s/a ( 8-4 ibLJl ) 

: 

. rad/6 2 oL*yU SjjiU c jj5u ji *-j>j jjjjj jjJlil **JljjjJl ijj^Jl ^jlWL/I .up -1 

: jy*JI Ojfc 

: jjLu <JaJi jSjs jfi d L»jj3 oLu jax; 0 jj>j J y- ( k y»l> ) »i!Ll*i* ^lili jyad\ 

r t *I c +Md 2 

: ijiljjjJI if j>)\ a#Uj 

. SiiUJ’j / U Jj> jjljJi ajv-ai jjt) 111 Oj IjJl <i tj-i *_u*v 1 iijjJl olL ^Lo 

KE r „ - i/to 2 ( 8-3 HM \) 

r.,1 j V 

' li^Lu tiijJi jjjj ^3 iJU&lj ifj> ij*" p»*J iiU) 

KEtot 

: j* j».u r»1*5 t_L»i ^ rf>jj i)l> ji u tin ibSJi jS^J ie_ r Jlj ft) LjljJl ic^JI j* ifcUl 

ti (m = rw 

: jj'jJI tilJ*jJI <UiS ilL 

J_L Ioi kjj-iJI J-»l_> jl jiu f jj» ^*jl> jljjJ fj* jl* <jk yy. pJ U iolJ L ^ J^ 

. ji ft) ji I jJi j|j JL» LH 

: Li\> 

. Joi ui^ti j*£ Jl \S*)t 1" pUjJl *l3S £jjy jl 3jiljJI 4*11)1 <li5Jl j**il U] / j ^1 ^xk»- 1 

^iL u.a.'v jj aJjuiI 

. ^iljjjJI Lfi5 ]> oils t-iuuu y*f Jjju ji j5 uj| SjilJl jl UXj-tf y Oj^O j&J - 1 

<Lu» jic jLiJj J*lkll j* UaIxp] ji »lils_»L ^»- j* jUJUu oUljJl oy^c j< jliUi. 2 
jjj-i jl j_£u tiu^u jJJLi ja^L ( jjLvJj) jljjj J jliUJl c«5j , ^taJlj JiiJI j*iu UL> 
p lx>lj Uf^iPj»> Jljiu jli OJ jji-Jl Jj 'Iji J-" j,!‘‘l>» H Jl W-^ yljjJ ij tjy** ^ W** 
j_* jjin b iU*Jlj 0 *-M flsui* jej( iltA Js a jiJj C OWI Job Juuj ibill LT^ ^-1 - 3 

^jlill j^-aiJl pjjJ j i; jjli . jU»j olj h^jU 5jU- ibktP jii c iUtJl Ui { **ii) J»<j# oli <yj «l> 

. Lfiljjj jjlxt Jj> <i)^Ul o5U*U 
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( Oiljjjll Vj 5 j UlUlj Jiiil ) ^fUJI >*JI 

■s**' >*** M ^ j-f* jh yfjj jy* (i) Jy* S«lill yuuu JSlj culj jiiil J ;r j f y, Jl4 i. 4 

. ^ Jfi JJj«£ 

!x* j^k: 4-ijUilj iaypl d/ill yiiL . LJL ^js <Lii oU» JLii-b oUaJI ^ a., ^ai. 5 
■ (v) t ijl*- (i) ji ^lyfll 

fj* U (y) v ij'J ^ ^ jji j^yji j*> J ill (i). Jhi JIM J ^|j 8-7 Jiiil J! ^1.6 

. J**JI J ill Ji iU*U ^lillj^i 

j^ 1 JyO Lii* ( I ) Sjljill iiAkll ±XKi IjL . JliUI fyjj Jjj ojy jiik ul» Ji i£L JL 3 yi> ‘ Sj A> . 7 
Ll*J Loit JJjll yiSli V iiUI vjUp oljjj tLkJl J iiUJI Ji jy>j Li (y) V 3SJI yO jja alii J 
• tfyJl & UU: J»yj Lij . jljill <LlS j lyj Lij ; j^yJl J iji*j| 

jJi Ijfll >i J-i jjj, J. ? Ul ijfll f i OwsJI ijfll * J 1 L jyu J* Jj J! > ^ L*i. 8 

^ • i **« o^J j> J! V-iJlf -iili j/ ? k/JI jIjL 
^ ^ ^ Jj-* 5 As>v yj 1 l**ji ji y** J-li J £*jbll ,> >' Jjjiu ji ji vjJUi 3 j 5 /ul - 9 

ryI . iSyJl Ja> L>UU Ji 

^ • j-'j J* 3a>i J *»jy ol j ytfkk «>U» *li#«4Li* 4 *i^i» ^*L)^ J 64**-^' ii fi -10 

L ir-ij jy* Jy ^La-* o^ 1 J! »/iWi 0^ o^M jW»)< ^.^,11 jfi\ 

• |J ^ J^ 1 olSj>J! J »j* Ji. sJUjJl £\ Jl^ ? dJj ^ ouJI 

• u ( J J jl* «lili ^ U , eUj ul^Lm ji y-*-)! oi» J 11 

JjL« 

8-1 ^iJl 

jL» ik^\jf Jjl-Il J-&AII jIjJu L 9 cm U>i uL«J iW ol> Jy. JuL i*i. Jt 6 N UjljJL. 3y okL. 1 

V 36 “ UjljJu iU*Ji ^si Uotf tyJI 

,ij -M 1 j lj ** L* 0.060 N.m j>U iU*)! J} >^ } aJL^JI ^ J J&»i\ ^IjJI f jp j|jL . 2 

■ gji jJJ 3 L*ol* jljjoJl ^ ,> jljill 

JI I> >jl-S ^ J = 0.4kg.m^ l^J J\'J\ jj*ill Jij* ^ «Uf f j^UI Jill! j!jL U - 3 

? 150 r«v/min u.1^^3 

U-jili oiljjJI L^J Sj> \* r otf o^SJI jl 1,5 kg.m2 L^J ^IjJl ^ J|^ ^ oij,. 4 

<■ <1>aJI i_iiv Sjii J^U Jl5u>'il( jy <Jlu i^iJl Jiiil jljii U . 36 rev/mm 
jiii. U ( I ) , 46 rev/min Jj^*. Uj> J 0.0015 kg.m* l+J ^IjJl j^i ^ JI \Jy£ Jb . 5 

jlxij U (y) Y JljJy*ill j_c jUl < *U jjo <UaJI J5y ^£1 lUlis*^ j j <ljuu J^ ^jji JaJI 

• 25 S J*> yjUl Jj '< 4 JI JS 3 ^ Jl£l>>fl ^y jijil oljyJl r>s k,yu 
Y 2.4 rail/s 2 U J iylj iUf 0.25 kg.m 2 L#J ^‘IjJl ^1 fJ t iLy ,’kt) ^1 ^ Ji L . 6 

• <J U . 20 kg.m 2 jJljJI Uj^jS pjc ILL* Ji 15 N.m jljj ^ LL. 7 

■cl>Jl kiu!_£ Ijj . iiUl yjlip jjy sUJl J 18 N.m »jji ylj^j fjrf 24kg.ni 2 Jlill L»j^aj ^jc, il»o: oy^j.8 
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( LjijjJi Jj^jJI <Lui‘j iylUlj v buJI) J*iJl 


y ui . IuLj iL>J 6 rev/min Jja^ UUI y;lfc o'jj J •j^ Lt j j :)* 

? UU> aJjmII J&y Ji jlil j*^jl 

oJ U . 0.5 rad/n 2 IajJ Ljlj ILkp L^uui’i 16 cm U^ki JljJ iil» jie 4 N Ujji iy okL. 9 

V iUoJJ ^lill f'S 

J y*j J^> LjJIjO Ciiuit yjL>oJI jj 4 ih* ii Oj^wLl ^ir 0.2 N.m SjjJ jljjJ fj* l®*” 1 OA>j 

♦ ylill f yuili. 0.45 rad/* 2 U,J ?yl} <L*y UjS^* Mjk jl* 6>y* 

175 kg.m 2 120 kg pklu jil jaji LLi Jlik^l yy* ji <»Ijj J fit -11 

iyjl jtjL Li IxjUj 5jL 03l> Ji> Jjilt Jx*. xij jai Jl Ii* SjIjJ . ojSj* jU ^Ij ;*** Jj> 
L*jbii Lylj <U^-< J! OjSLJl Ch 4*>1—« ' * ' * i a*L> jl® J#*ll fji , r i *i yll 

* 3 5 JiU 30 rev/min 

f jj_>iyi <^H!l y jjjyl <Jju»(jjJl Ji^il ; ljiu U (1)5 rcv/s »ji Jo** 0.3 hp o ; i ^iJI Jyf j* -12 
? -Ujjl sifj Jxu Ujii J' lj* ijjJI jljJ-J* r/» J lj ^ 1* (vO 
0.8 kg.m 2 jjljji U^-#i *1** j^mII ti* Jx>wj t 0.2 W »jJuUI 0,ji jyy> j-j/l' V* 1 jy^' ^ J- 2 * * ^ 1 

24 rev/min JJ j£Ji j* aUJI J**jC <3/1* Jii 
UjJ oLu J*>JI Jui UjJ* . l+i'jj > Wj. 0.1 kg.m 2 jSlill Uj^i iUi iiL> JyL >. 14 ■ 
V ILmII ixlfiJi ^1)11 jl-iij li ijljjj <u^ Jl o* 25 N UjJ 5^ 0.8 m 

j^i yJ ,b c*j>j 180 rev/min ojjJ Jj-<uj / = 0.08kg.m 2 ^lill Uj yai 10cm UJj <J>> jjj?-15 

JLij jJrf Jl J^l J-i U^mJI UjjjJ jlW oljJl ^ 1.0 N bjljL l*at> 5^ IwIm 

. JjjJI tlfj iyh ijill j*ib 

V 45 rev/min Jjax 0.012 kg.m 1 jiljJI »jyi ^ i5U» U-16 



3.0kg 

7 

8-2 ^i)t 

r 

1 

J 

<• 0.5 kg LfSlsJ culS 0] 10 ULil j 4iL>j jfUl dj^-UI U - 17 


CA 

y UtS JJ <>.-JJO diSJl 8-1^ J-iLJI ji Ow»yl -18 

^ Av 

fyt x>ji. 0.5 m 4-u JJ jykj (3 kg) LfJx»J ^1 jLUl ol ill 

1 

c 

Jy> (y) * >/-; rn 6^ ^>-> (I) fUwU jilill ^ 



AA'JsiJI iulii-l Ji y* 



8-2^ Ji-Jb oIjiH (> J£ aU - 19 

.4 


.-■lj ^11 jj}_j J_u5y)l oLuiJ ‘ULii Cwli lj[ . M 

I 

t J 

^LWl ^lill jt-JJ! f'y ^ i m JJ <j-JI <ixp 

1 

1 

; BD' jjjjl J^> (-) l M‘ jj>Jl Jy> (1) 

- T () mm 

1 

| 

* J 

. L>Lall iiy—*♦ J* 0 j^xJI J y (->) 

1 

A‘ 


. ijjii Jji oljSJl C)l 

a-2 f jii 
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( ^ Ulbllj Jiill) ^UJI J*i)| 



Cm ks^ L * Uv. c*i> o-. ft-fy JSLUI* c«-*ll ^ttuJl c,£* - 20 
m, ^pliljJI Jj—LJi dsS oils Ijji ll“<l i Ihj. 

^Jliil |»j_e ( MjJjUl Jfi b j a u^ib UujJj m g 


■ \£y-» p >L* ,og J»> «LLU 

8-tyJSA r 



8 - 4 |* jii 


J**y Af dl* OjllJi a*l ifoj J* o*± il35Jl j**, J*i> kr ^. 21 . 
A*** J* J** V j^l J*ji. m c,UUUL cLltS -ui> 

. jjLJI ju-u Ji jjyfj C’ 

UUi^. jOm Jj* jJljJI \» jy j 4^.22 t 

jp, ji* ^ J 4 J| ^ y jt j,j ^ {j JjL , ^ 

jH' u-ii y'jJ 1 jH 1 r> ^ • 1.8 kg ^ 40 cm 



JJ Utf ^ (V) ‘ j>W (I) ^loJl r > c^ - 23 

^ L KP-~* J* 6 *)** ;>*« J>> U>S JloJj M 

. (#- 5 f Jiill p\ ) tfUJi j* Uiyi o U*i)g 



LS L iJaSJI ^ooio* J? U>i M l^jlsSijSoilo.24 . 
^ ^ Jj» Sjfll ^IjJl j^l p y ** . M r JSJL 

. 0 jjJkJi <]jio ^ 1 »jLaIi 


8-G p Jii 


J* JJ*- 1 V £*»j ^'>-i v*-^ jSlill jJ-mJI f> Cw* - 25 ■ 
• | • (8“?f Jiill j-kil) *J^> Jt 6*)**) ( 0 <LaJI ) o>[^ 

R-7 p Jii . 0 j* Ll'6 1*1 p 

JfJl Cw <U&>I Jj>y \p) . 0.6 m jjJJ Juuj 2.4kg <iii£ Util, C*y UJj*| »£, J>j*_ 26 
120 N 3 c«^L>Jl Xhi 150 N ojii! 3 I o*j t i£JI IJjLm Jf>JI j oJJl & ^ 

^yji! o 4 * ji^i v^ 1 j* 

>JiJ i+ljjJ ispi olJp jlxL L, 6.5 kg AofcSj 35 cm :>i J+i lL» £,J 3jl*-JI i4o jUol <£*-27 

V 3 rcv/s Jjjlu Lfjljjj ilo <Lm.'I 
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( <u\j}j}\ JjAdJl 13'JeJli jiijl ) 0-»li)l J«aill 


juju L$_J 4 kg L^jJjLSj 0.5 m b Jj ■ i ^ il\*m iul^L_/l <LkaJ (4 III I oljjjJL ) LjijJI jIja* Li - 28 

<Jji)l jj) ,jLtL*w ^aw-xll jl "^l 9 " Jj* 45 ***** dku* *5jxJi iilb 

Y bill i_» n ‘j 

Ujljii it** cj-ljjJI dyS Lijrf 4.0kg 60cm b^JJ cj-ljj <1 *aJ ^I^JI lijxJl olL jUL !_•. 29 
k = 50 cm <1x4 ^jull jki JL*j ji yjjiil Y 4 m/s 

<-ix*l! »ii *jUu ^ p!>Ul jljjjJI f'ji l*J U (i) . 30 cm l*J ^jill 45 kg tjiltf iiuu <4* - 30 

p ,>311 dJi Jl> 4 *aJI 1*44 ^1 oLH y U (y) f 25 s J*> 0.5 rcv/s JI jj5Jl <> 

U . 2 rev/s LajIjJu <ylj d_*a Uj^xi Jj> 20 cm bj#s JusJj 1.8 kg L^lUd <L iwu <ji«kJ jjjj. 31 
H5 s( i^jj J}1> l+ildi ^}UI jljJI fjfi jIjL 

^jlUl j_ijJI U (i) . 32 cm ij lii uuwj 52kg <iL»i cu..n jaj ol> J* 2.2 N l*jl jJL» o—Lm 3o o^i. 32 
(v) V j-v* oly-»* jIa ; jx* Jy. -uljjj jJLa 210 rev/min J[ jjSLJl j* *jLii ^ 

Y (>3ll <i» J)U j«JLll bjjjj ^Jl oljjJI ii» L 

dLa CmiL* 3y> j£\3 oxJ jjiLJI j_i jljjjJI ^ 1.6 m UJsi ^jumj 100 kg Lfiiii Ja> <*Uj oxj . 33 

, 3 8 Ojji J*\ jjj* Jjw l*dj> lilt «X>ji . 60 N bjloii 1 *jI> 

!l b ,y*j ^lc jikii ( JauJ ) jljij j^x* jit 6.0 kg 5.0 cm bjlii i.i.<» <ii_*i cl^k»il oaij. 34 

jl jjyj 3 S OjJ Jjj JH> 3.6 N Ujji <j^Li oyj LajIjj)' cljlw')'l ol> 3jL> J^iL J*> 

olfi ^5 iJl^kwiU ( LjUJl ^ 'i'bjjJl;) L» ( i ) 1 £j£JI ^ lil^yL-^l 

^ bij j Lf£j> 13b 4 jjJ U (o) V j*jJI 11 a 

ULu 'WJ Jj>^ HiSJi J«4i ki> L^jib- Jy- Jyl» yji ^bj J j)*-* j *4^* 8-0 cm iL»wi - 35 ■ 

3 m L*jjj iiL-i^ JJull Ja —*a >. u»j UjLj ^Ltull i_i-*ji5l ( ;.yLJl j *) Jilll y.*>j i*j . 60 g aIIIj jjJI 

y Jiilil tlul LubJl j— Jl jIjL Li v <L>%a 1I jwail 1 f'y U . 5 s JLL> 

aJIjJsl—"L ll Ol> J* wiyii Ja^> i J-Jifjl bj^>v» £4 jakL ylj^j ji 24 cm bjai sj-^ iil^awi. 36 ■ 
Lkjji iiL-a diSil ojuk o- k uA i^jl.). x » |»LtuJl CjLu j^LJl ^ diJl oit y.j>j Jjy , 100 g dih JiJ <j jlu 
. ULdJI ilili U'l ji Jwllj jJlill j^-aill jjtjl . 1.5 s Jyb 180 cm 
L*Swi UjvaJI »1» . 100 cm UjJai Uxp ol> Jj> dyl» kbJ j>Jl dJJI ji dJM 80 g bjlji. did_ 37 ■ 
jdU oXi yjUl j* <1>aJi o^jLJ . 7 = 0.1 kg.m 2 L^J jJliJl f)*) ^ ubj J IP* j* 

jJ UiiJl UjIc ( LuUJl ji oljjJla) ULxaJI obj-* ^ t J * i ^ 1 

? ikdJi ab ^ ULxaU dl^jJI lijdl oU> jljiu U (y) Y 1.0 m Uji iiL* ciLu 
LJi ■•''i *° Ljuuu ili>J j 21.0 rcv/min jjd Jjju^ jjjj / = 900 kg.m 2 ^iljJl b^j-ai ^ sJijk-i 4** . 38 ■ 
bi J! j! jljjjJi jJ'Jii »ldi ^lti J] 6.0 kg bjij_Li '4d gj J| dJj jjb 4x4 j d>L> 

. JjJjuJI tliil <LyIj^jJl iS^aJl iilk ^ jJu jl J*a| ? Sjwlu 4 >aJI j^iw Jal dill ala J~aj ^Uijl 
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(<u)l j»jJI JiiJI) ^LSJI JjmJi 



U**Jl jjj Uj— jL (i). ojSLJI o-»8-fy JiiJL, tell fltull , 39 ■ 
(r = 8.0 cm UJ* J-Lj / - 0.008 kg.m* ^Jljjl L,jL> ^) 3£&>M|I 
pj^Ul 0-»jJl 1* (y) V 2.4 m UjJ <jL* oLL jj 250 g ll^Jl UjJx 

r Siui m <mji jjjLwu 



Si-iUl Jfi vJUII if j&\. c,£J I ,> 8-9 r jlilL o-ll r lUljj>-40. 

I = 0.008 kg.m* l£\Si>W\ <M ,^\ & ji, ^ISui 'i 
100 Ujjj oLj av yjJl <tiJl le-< j!jL L (1). 8,0 cm U^U 
oil, l, (_>) <■ liLlI tji dil HaJi u^llo jjJi o*}!l U (y) V cm 
V UwkUI db y <i**U 

8-3 ^-iJI 


dj— jlxi* L* ( I) , yj£JI j> JiL* ^ JL»I Jj j’ijll ojJj £>»Judl ^ 6 cm s^Li d-L jp ij^ _ 41 ■ 
jj oljjJL ) « —i jL (y) v iyljJi Hail j* 50 cm Ujji <*Jj <iLu yLiLJ ILL JJ <J^s« oic LLLII 

1' UxfcUl »lib y jjlaJI ( i^HJI 

jj (y) 5 cm cJ pjjjill Jti 6 cm UjLi JuL ( jaj ) <]*p <Jl> j (i j *LLJI ULil J> j£. 42 ■ 

, b cm fijLi ^JL a ) |J v iu <JL> 

J[ Cu^j 45 cm /8 Lfrjji jjj j 0,6 cm U^Ls iiLJl ^4 <jL cul5 Ulu. 43 ■ 

¥ ^ ^p ji Jy <*M ( J-* id-1 1 6p* jy ji J! . jlci JJ dt rv>.dl j oijy JiL jy-j ^13 

. dl&»'il Jjly >! 

J-**' J* jy>JB ,/5^11 J& ^ (►jVJl JWJI jlji* U . 80kg IjJltfj 30cm L>i k_LL ll*— si. 44 ■ 
( 1+1^J o^-l!l o* SjSUl 0^ 0 ^/*^) ¥ 40rad/s LJjii i^lj <U^ 

^-Llyl 1 «jL»o fjii-— J#-> j-i ujJt 1 6kg lyJjSj 12 cm UjLi JLal si - 45 ■ 

V 3/3 iJiJl iS>JI oU» jIjL L . 1.6 m/s LjIjL ^k> 
yj_laJI ^ILjl L , 12 m/s 1 »jIjL itj-u s^lili JJ J^»y J1L« L* j* 0 4 ^1®—* Ijj . 46 ■ 

. J*Ajj jjJ If ytfjUl jl ytfjlil fUll o^ JlUl kjy"»*ll 

24" LjJ ( L-a j JJL jk JL-I J[ 0.6 m Ljai Juvj 2.2 kg Lfili ii+M 3^5 olj^. 47 ■ 

jJmJI d r ill j^jo LfcfJ di>j jajj Ijbj JUji jLj'il d j£ 3.2 III jl>u— d jj iLLi o* j^^ll ,u 
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* 


(^yljjdl JjujJI ) jjLJI J^uJI 


LkUJl ^L-uh^l oJlS Ij] . iWli ^ y^ £U3jUl \y*> i>j JJW iSji-ll jk JiJ JJ y 5jSJl5 
? Ij*»i J-cu Ljjij ? fill I JJ *llji J-oj Ly>i» k jjjil jjju r^jjj 
tSyku i*i j_« < h>H l I = 0.05 kg.m 2 kjjij <L»Lu* iulj ^j£ olj jy»» iu««u i^S oijj. 48 •■ 
y jLJi uuii Ly/li k jH^JI jjjj j.jxj3j fL*>ty #1* J$ oll$ IjJ . eye* j*j\ j-s 3 m ^Xij> JjU 

v jjui «5jUi $ jj J^yi 

8-4 

Jjla«; 4-jJjXo <-Sj> Jj-Xy 2.4 kg <l]jSj 50 cm >JL& duu ouu ^yjjl Jj>jJI y*S jljju j^p . 49 

, oiye* ^k ijjyP j^x* Jj» 6 rev/s 

49 yui Li <pj«JI jIjuL jdLu jjjJj j-LkkJI i.ini'ik UliJi jAj lyJ 1*» r>i jy> HJl> iiLLJl <jLjl j^i. 50 



«# 

8-10 f Jii 


jj jj-MuL 1.2 kg l » d ' »» J_S <liS jjJjS 8—10^ JUI Jl^ - 51 
jy>*> J»_» i_uJi)i lljk jjjuj k 1.0 m djls kJ L t> y i- ai 
J->IjJI Jf J_ ij>Z m I u ..■ * 4_JL IpuxJi oVf> 10 rev/s Jay 

IjJ (y) , ji-fl'il jlf-xll jJljJl fjS Jl>jI ( 1 ) . jljjjJl alxi 

Li . ,ykl jj 30 cm ijjj jju ^k Lyu Ji ■*■•>■' -i y> iL>j jljyJi «iiij> 

? dJjOxII ipj-Jl ^ 


juj j—ij j_j-x* J*_> 2 rev/s Jo-y lj> Lljjj Cull jjjjj ; ey ^k yiii caL \5jj y Sl^«l yi2. 52 ■ 
l>jp wyl u J y Laj-*> J| Lykkj juyU-J* lyy jjj J ui sljll Ci£-ul iljil J~o- J^> Liyij Lji_y 
^LiliSJl tousj j-k* lyyPljj Jj_L oljJll Oulj iljjy . l.Skg.m 2 ( (jxiliS/lj Siylj Cull ) iu^xJJ ^IjJl jw»5Jl 
? 4-Juill jljjJ cllpjl tfjjl jliL. L ( I ) . 2.4 kg.Ill 2 JJ iejjJbJJ ^IjJl jy»i!l f'jt Jl 'ji Lxu> jf jjjljju 
, r jl\ V cLaJI 0 JJk y plbuJI *Sj> UU» yi*M Ja (y) 

jj* ^ij jyx. Jy> lj_> Lljij jjjJ 0.1 kg iJl£j 12 cm UjU ^ j lly Jl^y J lliy^i. 53 ■ 
4 cm L*oi oL*j jlajW U*il y ,>>yUl 18 g LfjiiSi_y> olsi- . 45 rev/min Ujjj icjy UjS j*j 
? ja iU tjyufJf Ojiyi kjJl jlki L . jaJUI jSJi 

UUlji |j!5 Lik 3 rcv/s LajIjIL ^yj 'kj-'V Wj* 4 cwli jjl>JI jJp jiaJ^I a>I y - 54 ■ 

. iiUi y 15 jijitj jliljJl lj»jj«3j j»yp w «alu} Lfjplji cjiyi cwU x>uu , t-jLxJi JJ Liii j’Jjjui 

. lyiij> <iU> y jikikll Oyll 4ylll (y) . LJ^gkJl yiljjjJI lyiij>J IJyJJpJl <PyJI ( 1 ) Jb>jl 

yli j-3 i >yy L 0 4jy> J<> cijt d-J lu^yjl oj-^j cSj> ‘Ljij k y fl ilij* JalaJl il>3« - 55 ■ 

, ijjJsu 5j^-su <jy» ^iaIu JJ Jji Lm jl^LwL ^iliJl i_ilL Ji>Jl ^ ^llill jljjP ‘Liij . *iyU 

Jai ) Jyxll J*_L j^L Lik itjH L k CjL kJlLJ Jjl>^ 'll) ylilj d_vXy ji^jdl jl yjj*> 

L 6 j» IjiiS \M I yiui jLi kJLk V jl ijiiyiii V Lq /3 (->) k L 0 12 (y) k 3 L 0 14 (I) ( iy \Jl 
jy *-4 Jj_» j«ju 6.0 m 9jJaj yufli* 150 kg <jli^ ^Jul» j* LLi JLLS'I ^^L y Jj>JI cljj j^SoJ - 56 • 
L_k>jl>Jl lilxll Ualj 80 kg J>j jli Lok 15 rev/min jayii jljjj "<fy ollSj . tjSyt jL ^lj 
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( iilUlj Jiill) J-flAJi 

J* ji^SJl jUi U (O) V jSjll »t*J 3 m U ;J i iiU >j)l Lai* ^jSlI jjJi Jy. Ly ^sL (i) . <! 

¥ flfcili *Sj> oU» 

^ 12 rev/min Jja* jjj 56 ilLil J>JI oljj 6 i o-^L 57 ■ 

ijlxll ^_U jL*i 80 kg Ultf yA-xi j*_L> Ijlj. \^Zt Ji jl J*>j 
V J^iJI <j!jjJ SjujaJI i^yjl jljju L i uajIaJI 
^j!i *** (h d JM jy ^ 1 (f ) uljJ j>*v Lji 8-11 ^ jSLtJI JS^. 58 ■■ 

. <J jyfo JjSl J* / 2 J\ ill 9 ,j-ai fji y Ij yf. ytfjj l»Lr! £ty Ujljfc 
1>LJI ^^iJl Ljj* iJLJll ^ (y) . ^jlisll iu lu^Jl jIjL* a>ji (I) 
L<ai<: ilLlI jj£ (_*■) , A), aLxtl jJi ^ Mj LkjljJu i^Lyl *syu I5j*m 

<• plkill *Sj> oU») ^ja* IjU ( j ) jyS'Lw j ^SJj (0* = ^ iijfl 

. ^LWJ vilfJI iijx'l ^IL ^ LuJl jukjl 

4jiU>j JjLw 

Jjjb O-jO yju lyi JJj , ly^j, yfi y*i_Ul *fc£ 5^ 1.5 J\y> jf. ±y ^Sll y^j - 59 ■■ 
**** oljUl J_S l^i Ojtyji Uy *4 yt ij^ i^lS ^ yki l luj^ l^kj iijL jjj 

10 " 5 J 1 ^ J! ^ >*)' ^ Ji< <JL>JI aL jij . JaZ3 oOjjJ^jj Oj£j oLy^lj ol 5 jj 5 SJ)l jUJ^ 

U (I ) . lyji; L«j 25 JJ ijj L»j^x< J_j> jjj; L-uui li^jukcl Ijl . ^aJJJ ^L»'}|l jkiJl uLuu Lii 

^bj J l ^ 4*U» 5f-5 A>j! (y) ? jLy'jll U* Jl* I 4 J Viu> lj| Uj^ J^> ii>lj LyljjjJ f j^JI 

. 4aL»Sl t3&j> olL JJ p^ilJ luLfJi 
^jJU jL-j ^ jj^ 25 g ; 8-12^ J1UI ji juJl yJUli. 60 ■■ 

oLsi ^ J^l >uj) yj kl> JJ* J>i J Lyy yk } *jl Ixalt 

fciuLS^r = 72 cm oyljJI JbS uLl Liiiej, LUj i^ljJI £y ^ ^ 

Ij, 1 (y) ¥ F Ojill jljju L (i). 30 rev/min yJliU y,!)JI o Jl 
SjL^a^Jf LjljJl UyJl jljo* Li > 12 cm Ljji oL- Ji-i Jj LiJl 
jjj J_a; y . ni‘J F 0*ji ik».l y ^ jij^UI JiJI j|jL L (_>) ? yllil) 

OjilJl jlii L-ai JJ <yjJ0 li> JiW 'J^l (ji ¥ 60 cm JJ o^ljl 
IjjU Liu 9 jL^I jlj 

^3l> J>> JL Ly LjlA Ojlj J 3 A 4 jljjj jJLRtJj W 4 JbJ ^1^1 ^.61 ■■ 
‘j-^l J+-“' ,L L jm V-^ • cA»>ll LLj'il Jj. fjJ>y m ^1 Ojij hyy LL> 

oKJ! iSj^Jl oU> i> hyil\ iyj! o^i, L^l ji »Ui ^* 3(1 jm< Il£ll otj^kSJl ,> ^aJ^I 
^ISlliJl ipJI oUp j J*aJ . MKM + 2m) (ijLs Lll+Jl Ipy, J] iltfjl 
Li-Jl jj LlL Jwj,i)l j>! j,I 5 »iy>y . J^> oyL o*ty °lj i*ixL ii*-** _ 62 ■■ 

ilif ji Cult Ijjj . jK^jl by »Uli Jii; JwplJl ^155 ; Jj^Su-Jl j_» OjA . ( 8-13^ J&i) 



8-12 f JSL 



8-ihjii 
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(JLiljjjJI USj iiWlj JAAJI) J-siJI 


(_>) t k^iJI jj j_ill (y) k iiljk-SU LyljJI LLmJI (() juvjl i 20 cm UjU J^u> 0,6 kg cljk-Sl 
. \+*J>y jj 2.5 m Ujji oLu Ja^iw JuJ ojljjl 

jj ciiS ySj* <£y jljii j*yCJ Olkll jjL . 63 ■■ 

si* jl ojai . 2.5 m Ujji iiLu cJ«L ji ln^L^S'l j^Sj ji jaj 62 <lLjl 

(->) *j^Jl cL>] w ULu CkjjjJl 

j-J* OjU liljjj R »Jai Juajj M Lfiu ill! jL>ji. 64 ■■ 
. (*8—14^ Jii) 0^ L»jji cylj <#j—u <ii£Jl Jj> <ailfu>i 'i SjUj 
Iaj y- 0 ^ 1 W —-tej » U*a>i dL>o C^jjJ jUjiJI Jj*; 

C cJaiuJl Jj_> jljjjJI jj ^Li>jiJI Ly >JJil OyJj . C y^^Ull 4 Jmu ut 
. iWjj ay w . ( y8-14f Jli) ay Ujjj 
U^-W JJ> <JjS CtJj ij—iii Cui jip JI^Sll. ij m i LuIjl»! yljul^kJ . 65 ■■ 
c Ju.H l y^iu yUljkJil otj^. 10 cm L»jLi 1 kg 

£» 3Q C L»joi JJL* >5y~* jji > J! j^-J 1 1> jjJj 

JjSl <jiyBu—<Vl jjJi oLJl U . 3 m ( yJ/il j-f) A-fUijI 

? £lill Jj lS^^I "<1uJ jiUl L^uJsi J ( luoll ) 

oL» f&LJ j-_»Jll Jy> ( j-JLi) jlj—> Ifiljjj iliji <yU yij'AJ JJ*:. 66 ii 

ur - ^* o* ufii ^ yj*l vfi Ujop J! J-®“ jlji# yl oLj^ iUjLtll 



B-13 r JSi 




(v) 

14-8 r Jii 
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Ben Rabah 


^Ul t jill 


ibjIjJtll j <u£ulWl Jfll jjeJl 
uLi lu jJi jjUU 



kluull J[ Li«U» *i jl' i'iS'*_ i tjlll vj-oj LULo* ijillj <1 j 5JI lljjt j 1 

• ;> J * i *N ol jj) 1 dr \j- J' j/i O' J^j • j 

^ yy -*y y^ dr* o^ Si* 401 j* ; y 

J^I jUb J*s ^l ^Ijiijl ^3 J ju>UI £*d jte ^ilSJIj ji* pUi i^jill J) , oi jyi* (-> J* JiL 
lyjl) OJUU Ullkll oib^iJl ofWl L-Iji U ^ SjSill >ji ^ ^3 iilttJI oljWI i^l i>jjj 
^i oh dnj. ^wi jjjui ^jbj i<_^ ^ win iujjij <khj **y ^ ( l -Pi ^ ui j 
jeJuJIj jjL JJ oUll jjlj_»JI vljll 1 +> yl-i; yJl iL^jUl jft Jiu jdl^JI J* i^jlll 

. iiw j j ^ 1 y b 1 ^ 1 *+)* j s ^ 1 

£-ljJI jj*)l Judii* ji> l£y&ll iwljj J-aii* JJji* ji j*-u wUU LjlyJI ^lyjlj 5jb>J! iJjJ olt« 
SJliJl olx»j ^ UjiUO U l+J ijlj»JI oLui' ^ olj>j Jj oWI j* lijl UjLsib ojl^Ji JJ >jSJ> 

« L-JbJl olftSjl»a'ili* ^ u*y ^j*5L, U fej k (,Ji\ lii J cJB»5 jl\ olj^l ^ l^'j i*W 
jj jjujij jjbi ji iji^ji ^j*3 lyi^j a-«3 jjji»vjij>j< is*.c«jJi dyiy o!* ^ • A* ^ jbJI ^ i)l y 
. oij^lj LjijiJi afll y-L*il ^ * »jij> 
oljii jjJJi jJl UjaJI • oljlji-i’il 3 ! . oLLiJI J» vJjill /iy»J> 0 * »j^ ^ 

SjV-fi , ojjl 4 j_^L« < 1 1 .,» u^]»^ bjoJ k JjiiJli 1 iS^*Jl DdiJLj (l^oljJJ yji )uU 

. ob-ii »jyj> j}fi jljJl J&i* j oljljik'il Jlijbl LduS L*j j 4 *" j* Ol* ^ 

, olfll Jjr 'iJ-aW 
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oli ajI—II oljj o» ojft) olji Ch ^ J-S 
^ <Jj£* lf-il oljjJI jS -iUJj Ll,lJ **d> 

J gJljJij ( oU^j oU^-> 

l* jySjJi SjLil ji 4-* ^ ^ li^ 1 
. jj'jj jyji ^ yJ' j-* *1^' oU >^ 
fU i^h 6. J* jj« c«i ji* yii J*. W ^ ijU ^ ** s > 1 " u “ , W)I l " l>iI1 “ 
;< W ^ JJMl* jJ U>l( JjU= Jj-j. UJI >*» J;» —J» * V «-»^ 

jiyi yLjjiw^j iijjllj iiSSW 



wUloVU 9 -l 


JiljJlj : V *• •j** ^ 6 -» Uj> £H f ^ 1 0 ^ 

^lS'i jy Ji cAj » jQI ^ si * ‘ ol j wlj 

. ijLJJ UjSH olL*J> jl ol,3Jl ON A ^ 
oijiJ £-h u 'j-»j • Q-** *>* 4^' to® ol ^ u51 ^ 

.Ltfl *jl ^ ^ J WI ( J'> 

Liui ^ LSyJI y <0^1 •« • P ^ ^ to* p oLjUI 

-321- 






: 9-1 Ji*i 

, iloti J » U)l j j 



: l)-2 JU 

fL*U\ j_L, »j>4 j—« 

. (NaCl) 


( ijUJLf yfllyjl ) ^UJI 

jySj jjJU! 3j—» jli JJljJl J Ul . <J ^ti* ji 5)U» ol# jWJ 

<1aJJ ^Ul p-x>Jl jm ji Lf^j "j ^yUl lL* >ja$ 

ji JLii Ia$—I j * Ij^aJ JjLJI jf ( jliL»JI ) iuLsJl ijUl 

jjLII ^iljj OjiJl jM jjiJI ojjJ jij JjU^uill <JLU j*L Jil^Jlj 

A-*l^xll |^ii i v r i^-JI llfjj uSJ-i <*" j* i jU/il ,y-L> ^UbJ ji 
jO*> |»jli3 \jJ\ iiuL>- Lf i J, t Jrfj fcUiuttJ <jyli jte 

^4^ u|* j ji* ->^1 4jj 5UJI i^Jl ojjk jS 1 \‘j>iij , L^Jii 
CJ>; yl#-uill Lfiuj JUlj jjjl tlj*jfl J&i j_>b xispy 5jf£ Jjljjl »jilll 

. Ifle jyjl ^j'U 



Jm-JIj ijlll 5 jIj> i>jJ 4 jl<JU SjU Ifi i>jj jjJl 3JL>Jl uiyij 

<liUI JJ 4 1 L 1 I 1 UL>Ji 4jJl» jJuj jj bu*> UJ vjjjL Jilt tllli L^j IkxxJi 
. (9-1 J&i) 5jlj>l) cjLomI jup ( ^liJl) ojLJl JJ 
'r iKA i jj* U»f-J Jj^ lift J l> 

i jIa/^I 4 i Sj i * 4 _lu IfJ ; 511*3 . jjUl o^b- jf 

a<l^>JI a>S’ JiLllI 9-2 JUl Jlwj > i^jUl p~»4 wijtf 

4_Jljj j*£ AiUftJl <> _7»I ty Lioi Jllkj . ^UJJl tJj y>) Vj^Jl 

.J JlaI^JI old* JjJl 1 MU - bill I uuijxjl Ijlfl jxw 'i iUl»^> 
L^-lS^ ji-fy) Ijljv Ij^. ijxj ^xu wiLkw 'Jli J& ^ 

i j* f>iJl •!» iiiil jfji ,> a* j)j*i 

J-Ji • OJJuXl 0.'L> jlj I.rtrl 4 l ><I LfJ jdJ U Oil^iJl ^Ij Jkllyijl 

If Jj jbj3 ijl JJfu <jyj Jiyi oi* Jli jjiwu 
(jf/ jLiii’jll jj jaytdl lj_* Jli JJkLljj wLb^J^U If ilili lift jlj ijjj JUj 
OjUjl jf)L>JI Ji^jJI jjjL 1*1 I> . 4 JLJI l^jLaJI JaC Uui Sjlil o“il> 

■ J ^l i>» jdi j jji iliLJlj 
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( ojUJJ ) vjUJI J-oiM 


i _ C £ jl Jlyi £lfcjll LjL-Uj 

. lilt <jUI i ) jti\ ~Lt jl 


i.ljliSJl9-l Jja* 


(ltg/ m :<) iiiiaji 

mUI 

fj U 0‘C 3 1 atm Ju*) aljUJI 

(^j >>>< 

1.29 >ly 

1.20 <M*C) .I3. 

0.179 rjfU 

1.98 j^l ja 

ji.)jiljJI 
(Ji^ 

I.OOxKP 

(4*0 .U 

0.998 x 10i 

•U 

1.025 x 10 3 

W‘i* 

07ft x 103 

jlw! V«S 

13.6 x 10» 

(OX) >5j 

0.860xl0» 


(20"C Ji*) 

-1^1 

2 70x 103 

f ^ui 

1.8x101 

(ILU) fit 

8.7 x 103 

/J ^ 

889x 103 


2.0x103 

(■HP) 

19.9x103 

VM 

2.7x10* 


0.92 x 10* 

(0*0 jU 

7 86x103 

JiO> 

11.3x101 

O0**l 

22x103 

fW 


♦HI yili 9-2 Jjj* 

am 

aJUJI 

ijlyjl if jl 

(tf/cm 5 ) 


(OX) 

0.917 

a. 

0 

0.9998 

yu 

(1 

1.000 

JJL 

3.98 

0.9997 

yu 

10 

0.9971 

J1L, 

. 25 

0.9584 


100 



jt jjjl jj^Jlj iiljUl 9-2 

' JUJli uIja3 v iidi&ll 5 jL*U pj^OLu L Ij^lS 
djUI iliS 

ttlttll -- 

sjlll fJK> 

o&fy V L •jj * • (jj) P'jMfll 1 J") 

• jjSjciUS jlim 

P=f M 

Ljlj>i oliill j-SJj i ulaSu jit J5J oUI^> jl#£JI <ili£D SI 5u>y 
. jijjii ji uy ousj ijiuiii fjii 9-i * v*^* / > . ■* £ - 

_ ill sjU Jii: olillSJI ujj Ifi>jJ ijliji Jijll 

. 4 C C j 0”C on *Ul y* • *> jj*^ 1 • jl ^ 1 si# 

oljj Lf_d jj-£ < fin-* jj i-fijt II 2 0 oL«)> ^ySj gLII ji 
J-*l o-i£j JJ ^ jUji iftU j ( j* • yb-J 1 4*^0 c,L *-‘* < 
iiUS j ySj lifJ« i pk-Jl irfljj oL-ofJI ^ olliJl u-IjJI oUljiJI o* 

ijy>y r jkJl <**4j O^i lP* 5 ■***} • b* 1 V**" 9 ^ 

LJjJI oUljiJl jmu buu Jl Il-DV 4^; • 0#C ** 

Ijlj. y^Hl Xt iillill l^JL; 4>UI j 10 U,jS h\ij J] Ij*j » iflWi 
cJLJI OllsJt yf-fcii 'jy* 4 5 C fr* ijl^l ‘^ , J J *“ w *ty ^ 

JjXkJl Ij* . Jljll i)U J l»£ olli)iJl oLlI k*y* jjbj jj 
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< BjUll i-SailUl ^IpJI ) *wUI J*UI 

. jla^oII iUi J>> 4il iiUi) y^jl jyjf 9-2 
j-** 3 ‘ i> i*LjJl lyylii »UI otfly- lu»L>Ji ojjk 

^ j-» y-Jj j\+% ol^l ^k- Ji .Li)) J jjSii gffll {ji 

j JlilJl y**JiJ Laj*3 JUP jj ^liJJ r^Mj 

i^ 6 ' J! l WJ £*-■#) ^k- o* JjLJl *Ul Jbu^ jl .u*iJl 

• & ^ j £*0* ‘jS^* J* JS CK-ii *Ul fjL * I-Jisll » Ilk 


a Hjij ( jiA ) lH—jS -AjjS 
• y* *<jk^ ( J* ) vk»» 

j#Si ,>«aj)l Ato J ^j 
lA^jS jit Ijjp jli i i'.all 
uL^jS t> >si a* £. Qjyi ^ j jUj 
. uLa) 




:9-3 jLi 

F £__* Ijj Ja yjJj AL a jJJl l ujliiij 
Ji 2 —• t« rfJ® dfcijll )j* ill* yl 

•4* 


i <J j-*} < ola5JL lioj Itl^Jjl Aj-oL> (SG) j*yJI 

; 4 W C jk »UI oliSj ojUI oUS 


SG -- 


Ph,o 


(9-2) 


1 ^ix»jD jXjji ^yi i ^. jjaj v ^pyji ojyi o* 

yy/J 1 2.70 j 11.3 (ijLu i 9-1 J).*»JJ ikb 


9-1 j>&>y Jll> 

i>y (I) 2.00 cm I ja JS Jk (p = 18,680 kg/m'*) ja yni* 
? <L£J! <J ( /j, = 920 kg/m^) ^IDl ja y*k ^ Jjt L (y) i Cli5 

: j>l xxi i p - mlV i oU£ll Ju^w t> (•) : jiiu» JVjuwI 
m.„ =p n V u = (18.680 kg/m ;, )(8.00 x lO^ m* = 0.149 kg 

: i»Uill Jjj*j ja k i ij, (y) 
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( OjUD -UijjLSall J**JI 


3U}U*M 

uU< 



(AL <>Ui 


■ JM* Jl 4^ 

, lai <iL*J J jjAs ipN 

, » ■» >! ! 1 j U’ fc lj ji ji*i iji J fu 

I Af ~ I 

• JA ^ ‘^ ( 0^) 


>4 l»v Lj_* jjii! iLb CASjfijl <4 jlw 
Ciij US . V<A^jS jijUll > JUu t jf^l 

. lJ^AJ^U l^iy | j| 


«\ 0.149 kg 

P, ~ 920 kg/m 1 


-162 x 10" 


■ 5.45 m ...mill *U jy» ji ja) jjUI Ij^J j imli Jl jJaJI i*lj 


Ojjil o^Ubw i jyli 9-3 

jj_Ui A .i.rfil i ^JjjtLl i j. L^ill ji Jl JUll . pL*>S’l j* ^uA VUu 
ojwJI Jj vis 4>Lu iji jeib o>3 kA Ju j jl »-c>JI JJ a l^ Ujua) 4 AJjjIl 
4jjJs 9-3 JUL jjjjll JjxJjll jl ^Uu jjj -Ail . iji)I illjj ole ^LjS'I *Jm> JJ 
IjlA 4_hIjJu F 4JLJI jjjji j *—»b £jl>5 A L Jjju/ JUajUl ji Olj Lq Jl 
oicUo lj| j,w j* JLtLxu iLHkiw*i!i jl ( 1703.1635 ) Jj* '•-'jijj x *'} JjUl 
Li vtf \L v F j' ijl 1 Ija s_ujA UlLlw^l ji Sj 'il JjCw . jjWjj vLLil ij*)l 
: Jj* jjilib j^l vJj*j JAtlS 3jj~a ^S oik vljLijll Jj* *«sj jjj 

£-0 L»k> oi—iliw OjAaJI j\jh jli Jjil !jj^ jb Oj&u ji jj* f-i> JuUj Ljo£ 

. OjAll 9 ul< 

*Ljj_jil JCKJ iJjAJ L JjUu CjjAi j#S jljiw JjjujJl ( iJILtlJ ) jfjuUl Jot jSJj 
ji k>}G—. JJj ij^Ltj , F j AL jA-j jjJ#)I A~«UjJl Ii* j* OjaL tils 
iLLill 0 jcJ I illjj jji ^LoSl Jjl» J] jj*j jl Jjju jj I 
» 7 i.^i>i.ll ji LiJ 0 > 1 « ol»-x» Oi“*^ 9-3 J5ul)b j*jll JjaJ^II Jljui-I Jifij 

1j.i 1 ^ l^ui ^A_oi Iii.rtiill 4 III ll ill UlLlj^l jl jj pijJllj I Jj* jjlls pjj 











ra 


h b H 

A 



:9-5 JiL 

Ljl L t.rtH jiff)j juh otf+i 
JL_aWi j FI A j* %}' ji&* yj*i* 
ALIi 0 j* 


(uUD AjAjjIIjJI ) ^/U)l J^uJI 


ij-SJj ; jjJli jjJlm Lw ^UiiuL j|i djjjjJI 

uu jaLU djLii 9-4 jiiii iiu ^ u* yj iiiLuJii 

i Jsii <j>jil <iLuil Ji j*tuj dy> jjJli . fjU! Ija »> <** if*j j* 

-iji -i~ jxjuj ^ i*i i>m jljj-iLi) iJILa«i'l!j 3y]l j] infill C^Ull j) i jtjMt 

, L$jj )y J> OjLH 

ji »11 b./» ^a>uL_w Ajjll wju?j ji w^a 

Oj^J ojpL**; |jj-u*5JI ^La Juj 1 J ^4—l** 

( 4_U»H ) OjLiil oy)l yy Lyjdl OJA 9—5 JSJtf <1^11 ( AiJIji ) illki—'ill 

oyii uj^HaJI J*kiu-ji L 0 <iy» o*iiJ A Liill i>L-il Cjj** F 


: JldlS F & ^Ull jl^l J* . A L dli) 


JWI 


b-Lil 


.£ 

A 


(9-3) 


. (N/m*) ji* J53 j* SI ^UuJI y jI+V)I' olj>j 
: Jt LS 9-5 JSAJI j yjJtil JbOil Jyuj 
<)lki^l .. 

J ^ l= , to ,l h m r * ( M ) 

jyjl 

JiJxLo p-> jl j*jl k A L 'Sja t A LILq v-Jt i JUij'il l jjt jJj 

0-* Lulii xJ j£> L Q Ji AL u-iy , jJi\ djk *♦ L>jL yJLL ;lji* 
jJLujy Lv L^aaI jl J-Lj 'il jub _jaj t UlLi-»')ll J* p-L>JI Jy> je3l3 
. Ifjlj s—« j-AaJ I ojL 

Ij_J ±y . olj>J Ifj Ci-uJ Cui ijli jji JWi^ll (J J l^lwj 

i- .'*. i i li L>LJI ^1 fi ljj»j i Jl*i;1ll (y lilyi illi* 0^ '4 a j 

kii Ijl . xJi JUiil liiJ—VjJ Uib i^JUII i)L>Jl oja y Li Ji^lJ 
4 ju«Ji y» Llwi o^5L- i <_L_»«iU ILL . JUL'il jli <J^LJ jl^« oLs^il >-< >^ 11 
. JjUIj JjU« ^ >BM uif 

L»ciil ojii] ^UL jtfjj-'ill J >^4 . 4)>J» O^i-* wL*l lAiS^ $\ 

: Oj^oJI jIp d y> LLS <ukj . o^lii) JLL'illj 

jlf>)'l = ( c*IS) { JU1I) (9-5) 


I >1 bAill illiiL-il ^ uUj>J 0 jA5 JjI^i Ji d^A jiiw 3jj-a)l oif^j 
‘LaJIj iJUsi-il o*lll> ji JajJ j l ' JJ ^!L> j^UJ! I)> |jl d^A Jjj 

j-fkL dub jyU ujj t^L» Uxiy otfjfijJl j* 

. Ljj oU^AiJl j* ^1 aaLLI ^3 LjL 

I 4-LIaJ Jill o^AiJI £yj ojlil i*uL Je (9-5) aJjLH j ^ ^ 
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( wLU Joa)I 


J 4 U 1 = 


( 9 - 6 ) 


J^uU liL 1 jj| . will Ijjji JjLuj Jj^u ft 
j^l 

jUttll 

<J+K J-* i-ijjil JjLm oljufcj jl* ; oljL>j Lf) i^*S JUilUl jl viljp-j 
jj-A)I jlf>*il <-*#“*2 Uju£ Ij&S jfit <Jj[)ll J*Ua (|)I Ja>^' jlffr^ll oIa»j 
c ^lyi 1 Jl_I»_j. SjUI ^Lww JoIxo jl> <uUj Lii LuL> 

JJai-o? i jJJI U^LJl JxjoliJ ^Ia ll»_j . iljjll jo gjjli oat 

&J—» yfti 1 jSl t AiLJ . j^Jall j_i J^_»l 4JL1 jt JLj 6 ^-ili jl jl will 

, ’lUxLJ Ujisij oiUUll 


, 9-5 JSlULj US t a>lj jou ^ 4Jux» <1 >Lu ^ Ujj** jJJll olf>)ll 
jl ( ^I ) juS jl^>[ j^SU jl jSjo f jjJl Ijjij J^kll jlf>)llj 

^jjl Ojjll JjLai ..I j j , J->lj 0-u j3 ( |«—L>jl j i -.-i i il uu i ) lafUu jlf>J 

; y k ^ Jolxw joiiyi joJA ^ JjUl J jO-Jl joaoII J+i 

Y -£iT < 9 - 7 » 


. ixojjijJI Ajjil ja l pJI : 9 3 Jjj> 


iUI iojlio 

<10*N/m*> 

Ojjll a> 

(WNIm* 

J 0 U 0 j^iJI Jolw jolxo 

ioxxxll (10»N/mJ) (lft»N/m*) 

(10* N/m') 

Mill 

0.14 

0.13 

70 

23 

70 

r** 1 ' 

0.45 

0.35 

60 

36 

90 



0.16 

140 

42 

110 




37 

23 

55 


0.32 

0.17 

100 

70 

90 

(JiL) 

0 02 


8 

6 

16 

(jil04) y^L, 

0.05 


5 

0.5 

1.4 

jy 

0.03 


3 

0.001 

0.004 

ilkl 

0.40 

0.24 

160 

30 

200 

wJ^> 

0.41 


20 

120 

350 

JU>>M 



1.0 



wM yj» 



28 



l^j 



22 



*li 



lxl0 u 



*y 
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9-6 JiA 

■ WU A** > UjiJu ,J ^ U* AL 
: MfiUJb 4j Jik, ^kj 
m\l(MJL n ) rn tF/Al / tan <f, ' 

m)<t> 



: 9-7 JiA 

♦4i J|(lj uii. V n yLrf/l IjAi, 
u>- A/* L-» ji kkl ^ 

V' 0-^ • AVjll^ ol^ 
. k«k i wi SjU oaja »uj 


(wUU SfSoilSJI u-l^iJI) **U)l J-aiJI 
JjAjJi L^i k>'j' . jijji j ,iuuJ y JjL^uU UlJ! ^iJi 9-3 Jo*Jl 

ijUI J* ■ kUl J W -»L5 % • ^ o> fJ > 6 f*i 

li| 5-lb Jii^ J- >| J, t t*J> jj ^ J SjUI oji fc>i 
jjJi j-JI j4_>j L|jL J/j ail i gis dJiS. >u >ii j^i u 

. Jjlll J-li L_U~U 

( <UaaJI iijjil) j^iJl JjIju 

’j-* > 9-6 Ovtfjll <-LjUl; ijUl oL 4 j«^j LiJjLk Uit ytfiiJ 

j^*LJ L*oi;, A 4l>Luj t L-ioSd! vjjUII jlj# ol>j| J B^LII i*JLj <JLJ| 
CwfjlvU jjjLiL ^L>JI > J lLJij j>Jl ylfj-yi ijill ok 

iJUJl ij* ^ ^1 jI*>VI J*j g«Jb ^ U liuoj . >*l ^ Uj*i 
yis^ Bjjjkll Ch v AL /L 0 LkJU j^ill JUii’Jll LA k f/A <jL 
d*w p i Q J>kJli . JSJI ^ j^l 0j-» <L>I ajoJJI ol^l 3U!j_. 

3> J*L« y 9-6 JSLAII ^ , Jo. kCDLl > lllL bill 

jlXi* Jd*i3 AL Li . >JI <i)\j jJ} <\> Ujluk iylj, ^IjJI JkJl ik 4 ^lo> 
j-» Jy ji . jloil 1^** jj L-ilb JkJl tk ^1,L^ jj*j i>|ji 

J*Ui |»IaJi Ji^l . \LIL 0 = tain/) to-#,! ^kiJ! JUitfl 9-6 JSJI 

^ ' S ; <Um 1I 4i^| jl jl»0 

s=ML s ll± M 

AL/L 0 tan 0 8 > 

^Lj/iJl 6^! ‘ ( Jii ji ol>jj £Af ) ^kJl ^|j Lke; 

ol*Sj k tan </) • 0 

(, f7A 
s -~ 

J -0 . Jiyi jkJ S JA/uU <AuiJi ^uuLlI 9-3 Jjjl>JI y ".. j ik 

LoUil ^^ill j^Li o>j (A LILq) wiLA; L^jS* 

( LaxxJI iijjll ) JoIjl) 

£i*> j-l# J*-*kl* ^ wl>l o»>» u*> U£* Cjli J ojjijJ 

lI)L> Ijx£ AV v-*^ 1 ^ >3)1 u^u- AJjup . (9-7 J£_S) Ai 1 jlji«j 

Ft A jl+k^il j>jj i -AV / V <jl^ JlkAJl vJ_^w i)L»Jl ok S"'''' 

^ j>^I 4)l> y LSj . AP JkJ! y SA^I ^ 
JUii'illj j!f>)’l ,>w CuJl iwjoJl 4Jj>l JjLu 

ky A P y> Ujk QL A7 <JL)I >ii?l oJ>ji • 
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( sjUJJ ySoiiijil ) AwljJl J«mI1 


>J! Jjbu = 


A P 

AV/V rt 


(9-9) 


4oa>>JI 

j* ^1 ‘ LLiAftU 5 jUII J-Uu k Ojlil LtU-ajl 

Oj^sJl jU>busu , )l( y Ijjiu ibl/w yu£ jjUj . < . ;« >> «ll Oj^il JjU* yjlii 


Jil^jl otLiJul ^Ji JJii* . l n ». A ll yjiii £>U>j jA olj>J yl 

yl^xll ajJjLLsuI ^ jm Su Lwe 


: 9-1JU. 

i> dL Jje j* Jjjj 40 kg tjd£ 5/ o* «S j jl« u 

10 jjLu jJlii jl*y«)!l jLS ijj JJI <>L« y U (i). 15 m Jjt yL«Jl 
? dUi j SjSJi i*#-s ^Ji 4)ikJji jiji. u (y) ? ,-sn ji^! > lii 351W j 

i ^lihU JVjuuI 

f yL«ll j~»5 jlf>j jiuj uli^ : 

ji Juy 9-3 Ju-x)l Jj tyt *JL . L*a5 L.»1L u> 5jIJ! j_~i jly>] . 4*1>VI 
. 0.48 x 10* N/m 2 ; yLJl xi u/i* 
V ilLJl j£ ^jll bi&i IjW ; 

iL» jjLt $ 390 N » 40 kg »j*H iltf : Ol»Vl 

, yU_JI ^Lu o-Lu ^lt iiyL 5jiJl 

V A AlUl *Lu "oL ^ f jM *iM\ ^U:JI>- 
£-(0.10X0.48 xHPN/m*) I 

. UUlrf OjjftLI iilll 10 4yjl jjy 0.10 J,Uilj t F = 390 N iiu» 
<• ^1 li* JJI UlkU o'U L : JI)-» 
rj^i JjUu lijJu jly*’)! 1 yUji-'i'l 


: (yLJJ 7 = 200x 109 N/m2) 


A L FJA 
L~ Y 


: jA *Lil! O-Lu ( I ) iiASlU'jJjJl 


390 N 


’ 0.48 x 10" N/m : 


■ = 8.1 x lO^m 2 
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( SjUII <U3uyl3ull ) ^LUI J^u)l 

(ujiz 1.6 nm dUi Jd ui-»; ji uk, A = nR* &UJI 

; p JjUl ^_J| ^ii|| (k _,j 

AL _ 0.48x10* N/m 2 
L 0 “ 200x10* N/m 2 


= 2.4 x 10' 4 

M = (2.4 x 10' 4 )(15 m) =. 3.6 mm 


: OiJ 


? ^ Ul J 0020 jbJu, f ^l o* *1L ^1 jl^l ; iiu U : j^ 

1.4 x 10 7 N/m 2 ; oUVI 


i3Di 



£jl^li jiiww*)l 9*4 

lyL ^ ‘ 0^- £lUl li* i *Uj ji WL 9-8 Jiill Jisg 

<m> i Fj_ y JJ A i>Li! jlfi ijijll ojiJl ji Jj Axuu 

j-UJxjLaJI-L-^ Jjjy , .uyi jU* jlp soil ji t# LUl J^jjl U^jJy 

: iiWy A o-LJi 

- F, 

lw-jJI k«yj ■ F = — (9-10) 


;9-8 Ji4 

jjl—u A yk. lajuall liyijl. 


• F a /A 



: 9-9 Jii 

. laud l l 


l*J t*—LAJiiJ *^-Jl 5^2Jl ji £j£> j[ ^ lui JmJJI ji £») 

la_iJI J-**; juj . F, 3j_SJ« jj sjLp jlLJl JJjJl Ji»j Lii jj oL>Jl 
jj) . N/m 2 Jl i oli>j jA l» «. n ,ll SI olji>yi ji iSy jl 

£*J . &Ul fJUl J l^ij l*s iiUiJl jl^J Slui > -ill, iuUI Jfixj 

ji i$l • (P») Jli-lj sjU j*U> JmJ> 3jl>^S N/iii 2 &a>*II jli JJj 
1 N/m 2 = 1 Pa 

Jj_>i i-Ajbjji 0*5 ^1 ^ jiSl Iwj i lu^li J^>i ol±*) J*lL (J^wj lj» 
^Li*i olj_>yi ^ a -uJj Lwij olj_>yi ojj j*j LiiJlj yiUlj 

. yb&l lju* JX* J>ljL*JI 

lijj ■ £>U ^i J->lj 9-9 JiiJl; r-»y I jim 

^j- 3 ^ 4^-- y-LAll jLi.y-LSJl ^ £)W yyt ^Jl ajiJI jk F 

i jCiLil j^ a_>jU1I ocjUI « o^Ul Jj!*u 

(jrfLj5Jl ol_*i A 0/15 G]j . F w *UJ ^LSUl l>ljj j5i^ <^1 1» 

J^—ftjJl 1 jA*j Ijl» iyM y-LSill i>L*4 . FI A <1»L« j^*- ^juJI jli 
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: 9-1(1 Jii 

j_^ iy^C. j_fc jJuJJl 

J*P = pnh 


( djLU AjSLubLJl ) £j\j}\ J«mJI 
Lt sj—» \ ^lil J>b *i»ii iil j* ^ jP~° **4 

, ,*jlll J»lj U 4jujw aJeiAj Xl£ Lui-uJI jt jifi t XM ) 

»jjk« t J->b |J«-«Jl| IxjjjkH j_P <<l^-II jlluJI j« IjJP j^ll jiilill 

jl L,jW Ii_» . i>Lw»JMJ 4JLUJI _^j- 6 jll*>J' 

oljuu jl LljLoII > i> -w V J u_pv jj Ajljil OJA JJ1 <^A. V >Jl <jJ»U-aj*ll' 

lift j53j i JsU-su^J 4 JUI 5 ^ ^lljl Jil_j-Jl jutu li*£« , p*»JI y 
. oljUJl iJl> J» 

jlc Lib vUI <k*l^ jyJI ujSj t j£L jfcjl* - 1 

, ^JaL-jS'l ni» « sL>JI » j£ jLil’l k_ij»LU ,/LUJ CjjMJI 

vLil jiuJl <L_Jw ijljil lijill jjSj jl klJliJl jiy» jjiUJ UJ» 
ljj» . wkJI vlll a^ljll jjS)l illil 9l*J^I ji JjLuj jbiil jj ^jLu 
JJw ji j-i* *51 £illl jS jjlji! y ijtii 16j* ji Jy>) 

I_oliJl jjill ju LI ci>J Oj Ijj LSL 

. Iji-s» kf iA> j<ui ji Jt >y}ll ijjiil JL> j£ ji wi** 1 jSUI JiUl j.'l 
‘> ji jl* jSjll liyUl j*L» jl* Lit • jJBJI $)i> ujil» i> !i * 

lj_»j • jjjlll IXJt _vjJU O_»o yL-oj jl yUkwi >ltil jit I yui JjLi^ )l vlil ji 
. j$L ^ilil jb jajiil gt ^ijl«ij 

»jLj -I' . /l JjJi J»P ^iti ituu tyi jjrf ^5Ul jj^ ji ^iUl i«-^l - 3 
Wh 4)1* p Cil55 

*Uj j p (&\S£ lili Jl st tfill 9-10 JiAJlrf oUi-Vl P = pgh ji ^ 
. tJsuJI CX»j A 8jji ji£ ^ ji ‘ Mill iii ^li' jjj . Jii)* 

jj^Jl - Mg = pV^ 

fli 4 >Lmi pltwb ^ jj^l lii . ^Ul ly* Utf ji ijVt M = pV 

; jj£* ^IZJI Jui 1 m-sJI jit <uLcj k A j^mJI 

f oj^ p Vg 
A ‘ A ’ A 

t h 14 -itojl} A IfjJaU i>Lo* lulli iililu fkX> JjLj V ^lll ^k> j£J) 
ji jlmKj jiUI UjUII i_i*SJl «ifj V j-e ,><^Jb k jjj. V=A/i ji ji 
. y» ^Ul Ijjk jj^ l*yi uli Jj—< O>0 A OjOt j*i jit Jw«aJl 

/>=S^.p** (9-11) 
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: 9-11 JU 

y-JjVl i **y*> j JI- olJ 3 * 
y_l JLJ fL-J *lj <iIjkwJ 

. jii yip ^jVl ij* 


( OjUU ytfl$»JI ) «-iljJI J^ouUI 

#* ***** ^ (J-* lit Jrf ]m-oJi Sjl^ u jy o*- lj] . 4 

ai-» vJj-*3j . jljjll fjulu ^ILlI kij Ji jjfi jlfy iwjjl jjj iUju^U Jjli 

. JI&-U Ijum ^ U40JI 

i>+* >-» l-*i £jJ*< *l_Pj ji pi* pi] lj] ; )U*i 

Jli-L La* ; JL#1 J! />„ J*jl UJI J^b Ca> 0 jJLJl gJtJl 
ji J^iJI jjj Li£- . jljJil lj_* jlj)^ ^LiL ILb Ji jic JuLaII J Jt. 

: *i}Ul Lf Ja*_i ^lll j /i j*p ^1# ^l£Ji .Ll-sJi 

P-P a +pgh 

Ltf OjLc wi] j J*ii Iwli »Uj J>b LJLoII jjlii] iuuall ^Ll* ^ jiOUi L*Jj> 
*— ^ ^ (T*j J P a JauL-sJl ia*j 

&-! J^ill lj-* . F a LmIIj «Uj]l j kUJl Cn jjiJI giiyi J ? 
<J j*y tJj-j ■ l»iAJI ^Liu P u iUyI Jilj J&jl JsuuiJl 

: <$ P G >A 

Pq^P-P „ (9-12) 

: y P 1 p** ^ J h J* Jy^ j[i 4*i»j 

p„ =/>-?, = w /i 

ijiJjyJjfJl y-lill) £_jljy)l JwJ 4 jJauJl y^LVl J12L.L iju* lj* 

. <JjJL UI 4 S 1 jiiu Li* J)Um I Jaiyj' 

• w* J* j3ll ^ p*> ai£ jiL ^ Jm*aII ^_jLl . 5 

f m J ua« p>y lit J0>i |J Li's! 3 SjUU UJ> LajjIj <*,£ 0 j* 
o-* '<•*¥*» j-i jft-II ^Ul ji-i yji dli Jfi . P 0 =pgh «SVjJI jliiil 
. ( 9-11 Jii ) jjUl jJl, j l^r O' o>iJl ^01 

olLikJl JI JlHi’ill UiS^ (^Jl jili>J| »j* ^ UijjJ ji jju 


9-2 JLi) 


f 1 UjIjl »y oyi ijj, b* 9-12 jiAiu ^»y 11 ji#*ji 

j-iOll j-1p F. 2 »pyil 5yjl jljju L*i (At <i>L-uj) J^Sl ^L£II ^1* 
? £• jly^U <U;50lj ( A 2 4 a>Lm) ) 


ij-» oji Jis-i# ijy iLkj .^=a 4, jU f 1 , »yai yb & ^iai j»uii 
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( OjUD jrfljiJI ) vjLJI JL-JLflJI 



^Lill iJx kJLall t . A 2 4j-JI Ifj i JiUl Jeuu £**» j yy Ja*~aJ! 

; Infill iJjUll iLUd JZ*j lifJj * P = Fj /Aj 

F F 
1 1 _ 1 1 

A 2 A, 

: Jt F. { JJ L-JL UjUII oi* 
F 2 =F^ (9-13) 


9-12JC 

- (i) • 11 E 1 ^ W* 

j_ij y*ii uxa yi. i}y i >* 

J-li* (v) • *-A>' J» J*s 
^ ytjijjJj*—^ ji 

>i-Mijj—* 

j—jil« y-^.j - jj_< 4-^' ^ O' 

^ KM ^ w & & in Utt. M Ufc * cJW at -i 

• 'jf •>*#» JJ* . U^ilt SkwjM Jji 

CH JL»y ^ jlf%JI j> oyJl 4 asLm ji li*> j»l O' ff" i> 

. iilLJl «UL I jjJ £jLj uMj <i* . Jji*" J*dJI j4^J* J 

: JiiJ! ul^aJ Ijyi sjy (4JL£i>'!ll iiy ) Wm = W uul 6y 

W wl *ty, j W in = F,A, 


II ojj dUi ^ie lUy. oLUfli L+Jjii jtUJi 6btiUl h t i A, 

: ^ Jiill jjluii 

w (t| F,/F 2 Aj_ ^ 

W , = A, IL r A, A, 


(9-14) 
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( sjUJJ joIjaJI) £-li)l j*iJl 



‘LiLliJI J** L* jfy (9-13) UjUI'j jJ»a; j^jyjl j- L-jjl ji J's> 

* Ji-** ^ j-* ji jl dJj Jju v ( OfcUJwlSUI ji ) tUiwiU 

lili , ^>^ll JJ J_&* ji ±j)l j^LSill ju*.i o^j,, ^JUI j_. j'U 
jj ^IjJI ^»JI ^ V 2 =A. l h. l jUj 1 ^gsil J ^oJi y, V x =A,/tj 

: j&i ji fbJ iJjU-uhUI jlj 2 i^USJl 


ii i. 

A "A, 


y 


: jl a*; 9-14 UjUII J J»j-Jl Ijji JLoLiLi 


ojU ) fUli j ( JUJ jjl>) uo» JJ3 
. U J>*» Jfciyfc Vj#i ji( 

^4<.»LJ l >yi5sj840*^l>!j 

J>Jl j __4 ji lijjll iyi jjSj ji 

1-Jp _%jL—n UALU-3 j jSai f Ul Jyfi 

J-aUl' (tkJ 


• 

. 

b 


'V » 

L. 


»u N 

s 

1 J 

B _ A 

--- 


v ,, . J 

j 


♦ All 


: 9-13 Jl^ 
f ui jv cyjn finis j^ ju 
■ t® A m »3 j>BA 


: 9-2JH- 

9 13 JSAIL- LS U J^JI Jli ^ v^ii cv^llj illl ^ 
V o^l iilJS Ifcj L . j£- ill* ^i JSAII ^ jNUI jlS lij 

YjSwl 

? jrfiiUl jljjlJ^jil, : JI)- 
J_Ul D Jaiill ) tQlj 0^1 j# JJill ^LJI jt u-LJl iLiili . i^UVl 
J* cx^ll Jy ^yJI jo)| ji Jmj jjjj j^L j^liUI jlS Ijjj . ( 9-13 
• J! Sj5)il jyill ^«LlI Ji-i JJ J-liJI ^tuJl 

^k-Ji x^i jl^jLui jJ.^1 ^-U U*a*i jJiUl jLui jl Ijji juu Ja : JI)- 

f JrfUII 

‘ J 1 o** j-* ji-S^-i jJlLJl ji klu>j , JjjyVI jjljj J*j jlj^l : <U>llll 
, jlyL-A jJxi—JI jl lllj jj ^uu i P - F IA jl ■ *' j *■ j 
? JyiJIUJJI jJbL : Jl)- 

j^_£ij jJSUl % Ji yyP a jli fi jj« i jl»^L L^jS’l JJ, %S 
i,5jL-j »-» Dull J jlji'lll ij— jli Ij5*j i lyua plhjJI Jfi P a jJLi <la>- 
. D jie ^Liill ki -5 J^jui 
V cy}U Oyjj D ±i£ K» All iiuj U ; Jl)— 

• K,\ - Pm\BK ■ ji tr’W j«-» 

f «LU o-jj D jJU iaviJI 4^j j Jl)- 
A j D jj£ JjLi< till ioxa jli A tfjLu ^JLi Ji D ji iiu> ; <Ll>)ll 
• e ~ P\c j(/'bill La— Jyju ji 
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4jj^> jLu/ 4juI> libpLt i j^Uju 


B y-l**»! j jlS iii . iilll iLvi j yJlkS a^JLSLM J j^\ ,j oijw 

5l*> L»L ^i * JiSl . ji i^jji Lljj ^liii yjl5 ^SL ^1)1 jrtjli 
4JI J—aiJl J-llj 0-^J * LL* . u-<j^ <*jl* «/ ^ Lwpj, 

^ jjiilj 1 u»i*Jl oljjill J>i Ujj pAe p*l I o)*Urtl <aJJI y^lt ^ 
.«j--* ,/LDI 4-uJl jjiiJ!.^ v )lkJl ^ uj 12 •Ljiill ^ 

i>i jiiyi J* o>j»l Jj oLsLjJl j U o> J] ijjlb oiS 
j^-*v fL*j * » MJLi ili-lll jj iLiyAj iiLilj. Ijjl>j ji5i ^ ^ 

L-o^Jij il^l ^u*J *1^1 jjL ji 
L* C*-* u-» 0^ . j/U <*«!*> i Ijli ^jji ‘i 

j-k J*- - ' J! (liwJI ji ^jpJI J L>L> »jj-ou 

* jl "J * ^ 'j>j ‘ oVjUIL d*j . JjL» jji*i 

^ £.Uu LL£ ^j^JI jIac! vJi^ Jl*JI ojyi J } . fO « i>i*;» ji I 

^w£Jj i 4iu_-JI o'ijLJl ,j_j JAt J» ^ oLaSt^l Jj*« ^uij jiUc jiyj+tjS J* 

. NASA ^UiJlj jljJJJ Oijill iipJI yL*J gjUII jIjxJ JU yi J*aI $\ JJ cJjl. liij . Su>lj Sj&ll 

• u «.yi klu> ; 4j4jS>JI <*jj^ yL ImUo tljjjxll (jit jJji .iDiS . jjjjSl oiJ JaUjj LjI> jrjLJt tIftj 

lUill Jj-i > li»l) jib* ^jjlj i <ij ui oL jjjl J^ill ^JUJ _ ^yj! v yk] liu jjlil 5^» 

jLS 50 j 20 /* y\Jii fUljl Ji gj jil\ UWi j^JI oliJj ^jj^L ^LUl *I^JI <> JU* jl ^Lu Lj 
■'—M* j ^ \Sy fji ^ J! iju , Lijli UiliS’ ^jS’i ^iuu UjJaJi si*. \ju 

^-jjj jji Lijjji tj # fa Lu*i*!l i-jiOJl Sjliil J «LJI J] «ULJl Xi Uj^j . Lib <J1> »LJI ^ ^oUi 
ylxJl *11 j j^yi oSHl £, <^Uol« j^l ij*l£J| »i* IjiJJji 

^ ol >*- 5jjS ^ JUI |*j£ i^Ltu oil owls . O-J LJ jjjjSl yii Jli^j 

k>^' . >»Jl ji jjjj'y <i*S ^IjiJ <4Jjl>JI lukill Sjliil Jjjl iwjli Ukij Ji C«ill *l*UJl ji 

j } j 3 H\ ol ljA>j li] ; VwIaiJI SjUJl Jji Cj ISjL 15)75 r U Jlj> > *ljil «ULJ| vty 
jyd J ^ jjj^ 1 u! ‘ u^l j3> li* ! *UI jjjS5'i J Jii y ^\ ji' 

iujl»jl tulaUl SjliJI jji U^aj olcliJjl Js 

jii |J ji-ji+ll >~j Oj»Jl jAljkll ,l»kj jAiil^l jj^. jiU 4> Uillu. IjA) jjjjSl yOJ j\i 
yl U^JI J jjjjuiJl oiLuj , <i» v^j 4^)1 »l*> JJl^ ^aJ 4Jl£Jj i y<u>, y fa? J Qlp. IjAj II* 

. «Jl> ^11*0)1 <>!u ■Uaic iplu>l tlSLii ^i j* yjjj^l yuu 

5jU iH *-*?■} • °3 j* ^ j* isj> y ujjj^i 

ApwiJl jji IliSi 0, ji Jj>jl J^UJl J ll> SJUJI oUlijj'i'l Ifi £,±>J jil, . Q.J JuyAI jp.-iS'l 


National Aeronautics ans Space Adminstruliuu * 
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«_i jjjjili ji» _*V*ii oijj ^woju A.asii juii£j i ^ jjy Uyljll j-S J! & I»j V 0* 

jy t^aJl Jfllfcj oi jj jjjj'il <***• . jjjj^l tS/liyt dJi* j)£uJ oli^jt 

J i>yj , ^ii< *llij ;1«6 "Ai pJj ^ v .it iill jy ^ Lilil jSl jtiJI I jut y C^au* ji 
LiLu -t i t i . x i 4»_, .u ’J I jj_» oLy-u jli lifJj i jjjyill f-jyj on jiij jljjl jO'yi 

>H .■>j j_i J-i > j.i i..iH Jjj> tiL>L ijldl uuj <jl j jLL^Il oL> J* jo *ylJl jj Jx> r*Awj 

±j Laj j.»> i ...i«i^I jy ja pL> J) IjjMi <JS jSl wk -1 byyja jjjjSl (A ^ 0|i • jkJl jlky Lwl 

luifJ OjLufL dLu jl ju'i jjjjSl LU? j-) JL>p ji*j jl J jj{ wOiyi ja . lfv*> <oJi olLlSJl »Um jju 

4j ^£jJJ I y]p *^ 

liUj ? <*Jaili Bjlill y IjUj ? till : U5 jjjjil y*5 fy*)* J <Ji~.“lll cJtf 

CFCs) olfSJll jyiilu ^LUI Ji i yuio jj^S’l. JjSi JljJl je yu>i U jkj-j • ^ jij^ j 

; oLv^UI oljllj J}ly-«S pjlsLy jl LiLII i*ib oL5y CFCs ji ^Siyij . yj*ll J (;Lu>^J 
. Jiy ui^SJl jiljj iulLaS LiUdl oLImJI J Lfu Jja*JI ^jlvLu L5 > Ljl^Slj jLliS'l IcLi-o ^>Sl 4-Uyj 
LJUi oUtoj’il J-jtf j^wi ’J l ‘^ill jSJj . 4iL»^ iLli CFCs oL^^j 
. ijQjSl oljj)> ;> Jiy> l^5L. »j»lj!l ; yill ijji * ojjj^ J 115 j^l Ci' ^ j^ 1 ol jj 

jU j_i>j J_>jj lut . L_l> '■' *Luil>Jl * 11 lull ijliil lull ji!» . jtjjSl jll j^i^wJI JLuJi ^ CFCs IjIaj 
yLo jj+B Lk> , i. LL BjAlb Ui»>^ <^11*11 jUS'Jll oLL L.ljj ^ NASA *Llc £i ol^lJ oLe aiJ > jj^Jl 
Lu^L»Jl <Lwt>iiJi ijiiil ji tlUJl ji jJ ) . LjL>Ji *>> L i l l jjLJl jo L1L oLliJjl jit till J5 uuli yl>w jl 
LjL^JI LliiJi ijiill jji iji. jijLp fiiijl jjIyJI £»jS i L5j . ( j-k-lij j^)jy ^ y 0^1 
£_Lji U5j . j>jl y *ikL ly\ tjjtj i y-eJl o>J 0_J« ^k*-u Jl J-oj jl jSLj tlllJI ^ lit <. rti>L jjli 

- ■ >■-■ . > i».dli tjjt jj^Li t>Jl j* hLjLuJl jniv u/.fil Lilt jjjL AltkJl 3jjt jl i NASA j* j y jL^ 

Jj d>>% LLxi EK-2 jljJj jj wil_>yt Bjulb JLji ojji NASA jl <>jjJ J^ajL 5^1 cu!5 V iLjiLli o*** >> 
! JlL 5j y?y silijiull »->.*«■< ells” > J*aJL» . t iiLII &jUiI jy lliut ja jjlul L^jlx^ Hij*l 
tlliJl Liii jjSil! ^SJI yix«JI lit jl t jty$\ ji ujjftl ‘Ui>^ di/fJ* o*«> y>— O^L L j£)j 

vLa* 5 y>-JI ojut Juju dJj Juu , IfJyfc j-» »I^Jl <M$y d)ju ii^lt >. djjulll je+> jalv ^jj 1?JI 
Jj djji-dl ji> ol j_Li ki ■>“ j-l'il Ljly) jjjjSl y£ Ldu Jilui JJ i^yUl j'jil Jy»uj Udj idL*^ 
ojliJlf J^^UI JJUI . yjjji slyj st»ji>J l*JL» ill> ji _j>Jl *5;L LL>jydJI oLi^l Jjji Jji oLiiJjl 
Juii j) jyS i j+i J^Ujj I yijjfl I Hji* ii-; « gMl » ‘1^-11 I j* jk ^>UI y iiji LjyiJl LjWI 
LfLUl ^jjuylju'ill yxJl Ifj CwjSi3 ^1 Aikill ji jjji ji LLo 

ji jjlLl^il LilSj i_fLoll Jltj3 oLjSJJl ^lo ; oi> ii diill ji ^ ^ 6^ yi J> jj 

oltJ'Sl li* Ji u-WI JjSl 3_jk>Jl Ji*j jiUl J> jli lii . L^lij ^i LjI>JI jjjjSll LJj tii; J>i j» lyjLu 
3ji_f5 i-iUti Ji*jj L-iai-l yt ul«j J*»j jCd?! ^yj jl pJif 1 *jdl <jI i ijL^fl J jikd JLt* >)! 
’jjyu <i » ii> JjO JJ'* > i« n il » tLfjdJI jjjli J j. iLv*“ vijJl jl j^l j^*i j'b ■ j - ** -1 J 

. Ldk 
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( SjLU LS*(i*lt ^I^J!) £-1311 >i!l 




<*> 


9-14 Ji*! 

y* ft 43 -* W*l jiJ* 3 ■** 

j*j* •»*-'*• 

. j j^i i»*d) yi^ 1 Mb 


j-< ijua* ^Ijjl Jliftj . J^l i-^)l (r 1 -^ 

. jXJ^I jJU "oj4>Sl«j* ^i j* ji#Jjll j^jW 1 C^j ‘ i ‘- Aii - 11 

^l^(l)^l^^l4^ l Jl^jW l ltoJtfijj. f |HiJLo 
L^Sl rj l£> »I*JI U-> ji A*>; • J"j*l 6* J &j+ **) 

I^jUj UJLi-b ll>U j^JjJt jy*» # V^ 1 J> lj ‘ i >< JiJb ^ ^ 
i o&-l4 JliJl ^ US i iypSl j* fl^JI pjd LJu UUi-l Uii j^l 
c ,.n.,„ L^Sl fr* *l*Jl J-S ji Uj . <->) *>JI y us lf*UL US fi 
L**; La* j» jUJi w ji /is) ■ i*-» M>u jfSjii jU- ^ i^ 1 
JljJ LUJ OjS*- V j. J J>> fJ lit,. gUI £* jUll cU}> f jU3 

L^Sl J-fcU -4 LLUI ^ UiJI j[i liS»j • ( 0*- ^ 

j^SjJI tills p u*> k «A JjLy L^Vl j h jUjJI ^ *&,( J! Jrf» J>i 
. p u U! j* Jl; u L^Vl -4 Lull 6y~* J* 0> ^ ■ 

^ iirftil J->L> JxJLiJl ji 9-4 f—ilW 5 OjLJ' ^ 4J3 > "»^ 

. jjl . 1*>,U LmJI ^ fylu A LUJI 

L^l £jl> A jU JUoJI = J* ,j ^ ^ -UUaJI 

Pa - pgh (^ 14 ) 

LljUlU -uUjl jj Jj** J*> JJ*JI j 1 ^ *> vi/ 

^UiiJ k*i IU}L *_L>y j! j>Jl gki-u JiU jl j yt- Jy» (9-!5) 

. (9-15) LjUII j JJUl lit LUS 
; y ( \jyuu f lij1 LWI) ^UiJl UaU >Ull jfijll J> 



. _ 1,01325xlO 5 Pa 

(13.6xlO J k(j/m s )(9.80m/s 2 ) 

= 0.760 m = 760 mm 

tijijjjUl kUJJl ji jiUI ^ J ' SM * * & ^ • 29 ‘ 9 “ ^ 

'lijj 670 min ji 30 in 

jjSi, kusJi ^U) jUiLs j*j^ JU* ji J! Lull oi* ^ »r o' ^ ^ 
UuLbUJ J^I ^U>UJI ^ jU^jUJi ^ J! >>y ^ 
Uc^j^ll j fjUi-a v j4J» J) - iS>*f u ' • (1647-1608) 
: JUJIS j^x*yi j-"U j* J5 LJj . ( L>*)' Z 1 ^ 1 fU ) 
1 torr = 1 inmHf? = (1/760) atm 


LL. LiJ“ 1 > ♦'i* 2 ' A 1 bar = 10 r> Pa (U-ilU) 

J l J4I j* l4#lt j >kJ lua 

■ U>,ii k*Jl jj ol^iujl ^(Lj 1 l«yU ii-flJI lijUi u^! J^ 1 

, oljU J1U SjU <^j>JI oUiUli JyyJ' 
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<v> 


J-jjh tW 


( ijUU 4j1u 15LJI ) wlill J_at'l 

J£J J ^jll jl |> L^iy y£\ \ 4 jfij OjUill ol^jjLII ^u33 

liji-u J_jiLd L*l> Sjfj-lj jjijJI jy*e yil* &»j gj&> hyj* jii * 0-15 

jjLu ^L-J ^_lc 4 tfcoll oljl.*jlJI ji ,jj>i ^lyl dJiS <JUa . ^ISJb jxijJI 

yjJ dJj £«J . iLjiljJl oLLiJl J» liib J^ij 4jiLij)l lilyjjjUl jiJj t 
Jj i_*l>JI yjJ jj tjSJj v (V13U ) JiSl Ji 76 cm j^Sj ji «-*»>* ^ 

. S5j JSI <jSJj I yusi jlfao <J<JuuL —1 

(f>-15 JJLi) yi—tylll \h\ oljUll Lywj ^LLI 1^15 j>l jlf> JL» 
Jii Ji Sjyji j* LLl j^iu y*ylll j£Jj ; jy° J lj-* 

ri—’ (jy—« yjJy Uju£j . LJU joi^l • L JiLu Iju}> »‘jl« U JyJI 
CJ> J*i li*3 4 JSJI ,>( 1 ) oiU y US 1 li»lj LyiSl j6ji J jfijll 
oyu—i P, & i P 2 JS lj| Ll jlijU* jiJyAll jy P 2 J P, OijUJl J^J, 
jidi <> (w») jtfi j* us 

JjuuiJl jyj L u J m i. j i oi y. »i l i L oL_.lL. 4 h jt-i jjill jU lj£*j 

1 jywdl jjSi LtMfij . JiUl y jfijl i>l£ UU. 'ij^ilu jy)L P 2 - P, 
JjjiJ iLLj . 2 £jill J J-Lill i vu> JjJj* Ji4i JyJ Ji l>yL> 

. CJL jj£o h jli P, j. Jii P 2 jjSj LjIp i (y)9-15 JUJ^ ^ ? L5 h 
y_* Jjl .uyi iuLiJl ^1 jj*j li» jjj UL ^Lill kvi> JjJo jlS Ijlj Liitj 

ii.-w.li j^jJi 1m«aII 

liiiPj . ^_I LJ115 Jil JiL JUi-l yu»o Jai-aJl ^ ijtluo jji y-Li! 

^aj JlLJl iillS p <hp- 4 13,600 / p Ujji y-L jULjj'ii jljy Jo 

Jy_«yL JiL—*Lll p. i XL-jl Ijj 4_ll SI olj>yiy IjM jwjJt y< 
(76 cm)(13,600/1000) -1034 cm iloL ^ »UI j«p JjI> jli P 0 JI UiJI 
. J;iy» ij% (> Jim ^ILIjI yi/lJL )») . iLjti 
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( ojUII ‘UiuLLJl J^uill 


:9-3J^ 

CJji JSj ^Lu jl jj l-lLLu jjju^jJ 4til.Jill oljUi*^! Jl* 1 ^ 

»i» ^ ^jia-ii ji U)U I^UjlU jl . 9 16 J£Ul< jif 4 y* l»S jliyU 
J->U kjiLJl 4 _*j Li JSl)L US 80.0 cm jiljll jiy-** j£ J^iJl jlSJ ilLJl 

? jjiij)! 

1 0 jl~u4 jValui 

? 80.0 cin tUl jjj j^iJl ji ^uu IjU ; Jlj«i 
p siu> ( P (} - pgh t ^Lull kLi Jy»U vt-»> j« LuSUj Ii^aJI ljj> 4 jI>)!I 
. h = 80.0 cm ) till ollS 
V j£ijJl J>Ij jlSJl ImLaII y> U : JIL 
wL>J Ll>»JI k*-Jl A*jj jj^u J] gllfclj . P |/lL = P ( j + P u[m ; <UL>VI 
: jli ; 1 atm jjLs- IsLtJi ljj> ji Li i Ijjj P M 
P t#t = Po +1.01xlO i Pa 

<&) • 1 atm &U iSjUl ^ P t tm J {4* jl v* : tLtilDIjtbJI 

JLii , UL> J«S o^aJI If; iSyfj ^1 iiyJl P llLm iuLoll <uUaJI auaJi 

■ y> ^Uill ILL 

P 0 = (1.00 X 103 kg/m 3 )(9.80 m/s2X0.800 m) ^ 7.84 x 10 3 Pa 

: j^Sj jJSJl JmDI jl) ; vUj 
P M = (101 + 7.84) x 10 3 Pa = 109 x 10 3 Pa 



: 9-16 Jii 

JLJ jt \iyC’ Jjijj jl j rti . uj t^l'l i a j 

?Pt LjiU. 80.0cm *UiJ 
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( (jUD iutyliil (^lyJI ) £riU)l J^aH 

lijj IjJi J^U JJLS (/) = 840 kg/m") c^l oi juy[» jij* 
SI oU>jJL< jyJI IL» oJ L*. 7.31 cm <*j J ^ &< 

0.602 Pa i 4.53 x 10' 4 cmHg ; <> olj^lUL) 


: 9-4JL1* 

Jl k**Jl ^ j^uSi i> j»Ij fli JJ '^ l v^ 1 0* ^ 

uJJi o-» yJ*- 11 s* v ^ >l 1 C^ 1 ^ 6, ^° m * tjJ * 


i^yikUJVjLi' 


f DWI «i* J iilifll Ijtl : 

J W oSJj 4 &G Jfc> yl<JI JWj . / itsSJI = oliSJl : U>?l 

, J* 

y j*^li JmmsJL J bfji J ^ 

AWV 0 =-A PIB : ^UJ WJI J*Lm : 4 jI*)II 
v UUJl si* ^ AP l» : Jlj* 

jjJI jji— J-rf ylf-JI Jl OH 3j*J' ^ '• 

pgh ^Ull Jjl* y AP . >1 -jLl# W J <4* 

. ^1 *U & 6.9 mi ojji /i J * Jl 
? A p iillSJI J *Lj Jtf i A V/V jUjI hu : Jtj* 
iij^_JI j-b UU53I oltf m y4_Jl O' 
vii^> i p = m/V t-UI <ju>C ujlfJl Jj»« lil ii'Aiil jjl! JJifj . p 0 = mlV 0 

, AV=V V 0 

: a y>J\ *L 6* 6.90 mi »> j-J >Uil *1*11 ^ JjJ* ' j*)> 

P c =(1.025x 103 kg/m H )(9.80 m/s 2 )(6.90 mi)(1610 m/mi) 

= 1.12 x 10» Pa * 1100 atm 


fN>JI j yaJl ^ . 16 x 10» N/m 2 j;Lu yl-oli A***>JI J«l« 

: IftUIb j-UitlsJL? J^o* jljiwJai^Jl ijlj i> 

4 V -(1.12xl0 9 ?a) 

V 0 "'U "l6xl0 10 N/m' 

= 7.00 x 10 M 

: tySi t ji!. N/m 2 w P„ 


-341 












0 £ 



: 9-17 JL1 
>Jn 

us-s 1 —i>jj. pi 
jj“ Uiip T «a»r ' Mi >1 J*3 j* bi>> 
■^al 



: 9-18 Jti 

>-iW iji J- ) p Up. I jU 

■ t-4* P • >>S 


( ibUJJ ‘piiKjll ppjl) wljJI pill 


V- (1.0000 - 0.0007)V 0 = 0.9993 V„ 


p= "L-— 2 L_ 


: p iai*jl SiliSJl ^ dJij 
= 1.0007p 


’ V 0.99937,, ' 0.9993 * 

, l»ii oll< p 0.07 jIjZ*j islJSII jjlij uju-J lUJjl p ols ji 


jiJaJI i IJuu> JMJ 

^>y t dJj P~ilb Sa_*a> 9-17 JiilL Uipl ^pdl ip L, 

IjJj . J5L- p jj^Uj jp; Liii* Jjl jjj ^uP|| ij^All U^bJl 
3pl il l*L: ^Lu pis Ulf» f U> p UiJ J4_»j it jjj oJp jJ cii 
9-17 J-iAJl p 7’ LLL>Jl »pll ijj JilLy . Ojj &« Ip Jit <loJ <«pj| 
p pjd *Ul <ji ujj )±n ■ *UI p i-i>JI ip Laic Jii ip 
pJlipsp^^ J rVt pij]F fl <ii*j i»L 
!1* Ji JytjVj . jjJMlj ii* ^L pjl »y up jjjl ^Ijll 
p > iWl 5 >j ^ £*d fP' >j* 9-18 Jiilb piyi p*>J| Jjlij iyttJl 

f—^ 11 VjW J^ 1 iij» ^ O' piljll i» f-*)l p JSUI 1* jJji 
kiJl it Ua*I UU i-*ii LlU/i’a . F h UjUUjdjjy p Jl*s 
J! ijijll ijill i. pi paJl *li p pi JI JjJjll Opl ip ^ , J**II ^ jlj^ 

. fli p jJ 

lip* f-*1! itf lj| J U ^ . pJl M P Ji* Jj3 pj 

Ilia. . JiLJI jji (*—y»Jl jm* iP> jl iJLJl ojj» pj . JILJI SjU p; ^ 
F B jliii J p lia , 4**J jp ji JJ i>bJI ijj 'iSL fPI p 
ij; mg i F b = ii ji i UI»J| ,jji J pPi pj pji pfj 
. JiLJI i* fp*Jl fc_L>Jl 

i.Ls ^ . f^Jl 3 jL p JJUl i* <^UI pjl 5y i\ ^i i, 
<->d3d i> fpl >iUj ijj JjUj lib ip ip Fg 

: ^ipjl I Jo* pw» JJ liLtfj Ji ip 
^Lll ijj jjL-j »P pi JJ ipj ^ pis p Ip ji lip p lij 

pJi Jill 

(J liii iLil Jjj J pail! J'iliiPl y yP^I ba pi fUb illSUj 

LflS jp* 9-18 Jiulll^ pi ^pl ii ILU 
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(jjUil 



Ctfjlt ^ J jjWl #u 
j iU'i .< 111 j . yjdl *U> 
U > iii fc* C^l #UJl yfc ij 
. <4 j>JuS jk i»i 


: 9-5 Jfc 


^ j_^i l^iU5 p of) S" 17 W SJtf j -» M J 

. p^ cjliS JiL ^ 5 ; p, up Ujift { W spp £*Sl yljJl Wj?) iS/W 

i JVuU 
? My (Ps jt* Jip 
OH ojJJI J-~ « . Ji-I J! iijUl J* Jjljlt Sj» jil* <r£ W : W 
; J! *'« >Wi ijij Ji-I J! <«JM V 
W m *U,g-P. 

. Ujttl 

9 F b IjU ^Lc Jlp 

ILJjj C I>II JSUI u j) 6)^ Fb $ fj *>J ‘ ^ '->P* ^ : ^ 

. <)5 lip p*> 

¥ lip ^k> jIja* U : Jlp 
^1 JiUl p> CaJ JjUi lii .Vi =M fc /p 6 i iWfll •> W 
¥ JJUI ,>. p**ll ij* oj) l* : 

■ Js, p»j M b g = i\V b g ahull Jtf) »<>^l *j> P JUi-biliiUAJij>)' 
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(wUD ) £*UJ! j^i 


: jh l* ^ 

J>-i LijUl lil* * JiJ jj j£ syji ju jli p 6 > p f oiti iji. l 

, JiUl j 

J^l_> lijifl £y Jyj t Jfi\ jj j£ ijJJl ^iU jli P A < p, o3li IjJ . 2 

• °jj > Kj lP 1 - 11 

ji ^ jj; t VjLu ij^All iiy)\ yb j*L- p h - p f OJ15 IjJ. 3 


: 9-6JL. 

x^j lUl jj 5_Ji jyi4 <jjj Ji# j£)j . 1.30 kg oliill Jj>j ^1: iitf 

p > *n n il v-ajJl j* J* . 1.14 kg Oj*UsJl *ibS 

■ ^kbUJVilul 

? ‘X 4 -a]l y*jj| jj ^LJl jli Ijl U iiyj ^liiil li ; Jl^, 
C>! Li, y-*jjl LiUS jjLu jli o«Jl o*jJI j, gttl jli ijl : ijLVl 

CiiLS jL Lij>a jli jl lijii OjLi jj ji jljil jj JajL jj li^taOj jli 

Ujftjjl litii j t iiliL j»£ 

- rliJI fs> jjju iillill uL jSL Jui ; Jljw 

JLil dLLo L IL . iUuli olil«JI JLuJj • ^L>VI 

: jii J~a*L Jllil JJj <*£ vjjjjj 5 jU[y . 9-5 


|i-x 


■ j* ojj W c i ^1 <ili£ p r >Xu> 
■* j ujj l* : J*]-' 
W, - Mg = (1.30 kg)(9.80 m/8*) = 12.7 N ; 

: P c JI J> jSL jiLilDljJ*)! 

p,* e 

P c “ IV _ur 


; jl a»o till ollSj j,pjyj cjo«ll ^^d'l^j 

(1.00x10 s kg/m 3 )(12.7 N) 
i jj! . 19.3x 10* kg/m 3 t <j*)| oja j* l^li l^uJI iiGi jSJj 

. v ~ U.< x ll <_uill jt \j.yau j*d 
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( ojUU <USuu ) jvylill J-«*J1 





V_ if . »U > ^ >£'■ 4JUji)l 

f ti*i <^JLw jil\ j JUill jli I j* 

. ajfJi i> Ji jjj j 

? M j^mAj 


: 9-7 Jli* 

L . 0.92 x 10 3 kg/m 3 oiltf jS *Ul J* yb 

? oii ,Ji ULi > .Ul 4iw o*j 


i^yilai. JViiiuii 

? ykJl Ju* ^jJ 1 j* : Jl}* 1 

jj Jiu !i*_)j . ojj jjU iji Jjj b o*J jiUJl p-*JI pi : M*? 1 

.JO ^ ^ ol/l <ll> 
Uj-UMjJ> ,> ^ jill u 

J\U\ ^1 <1>S M » £l}ll *111 jj 3 F fl » F* = Mg : ol*)|l 
r ljil till l» . Jl^» 

LaL5 ja ( jJSJl yVj ) V f*> iijUl fV >j* : 

, v J^u fjoJt iv >jii. girn 

p )( V g u* ^ 

: J] jAUI SJjUj Pm^kB 

p«y$-- Pi«v 

: ^ (> SjV 1 ul* (* u*j 
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r 


( 5jUU ) £jL1I JUUI 


=92% 

V b ». 100 


■ J- 1 ^ 1 JrtJI <J Lii Uli jj| ***> 



* imPl) 

•jUI 

0.019 

»'j» 

rm 


0.510 


0.564 


0.801 

»u 

1.00 


-IJ 

fJUjbb 

200 

10 fl_, SA£ cvjJI 

629 

Jir^* 

6.6x10'^ 

jA± 


Jjl^J! uLwJtj <L>jji)l 9-7 


: 9-19 jiw 
^ Mi Jl>-j jjU cJB uip 
J_ilji LiSj . Ja^ Jji JJUl 
cJjmII J&tf jji m 4* jB ttU 

. -ilti U ik iijjJ 


Ci'jUJIj Jiljjl L) tuu ifrjJ ; ft-4 Jja> 
30°C jl 


1 ’*■* 1 J i, j—u alii* (jj-Si j —ji ) >011 j-p 

J-ii Jii^-9 ^-aj t *LLl Ui. »lij ji £p A,xi j^iuj yLi; 

) Jty^l . **l5 *ij*i yUu» i 0 j*j£ <*jjj 

Ltj& in*i^ i+yji ^ J* J-l>J ( ip 

t**-k J4 i>U 0 #>y Jiall lj* j 6y j*i 9-19 JiiJl, 4 A-»yi 
J 51 -**-yJ' lim ji i £ UyS iiLa Lflai: A 
yjji ^ f <*uji lyji py u^ip. (uy j^jJi ) T/^yu 
■ J! **-*J’v v *-•#« ^j-Ui *i* Jw jyji 

jiLJl US 3 j*iS tyfi- i^Ji »i* J^UJI gDI 4 ,^ »yj| j}> 

W J**-* 4 U 4-JJ 1 »x» <Pj- ^L>) jiiy . fl\ 

: Ufi^ jj*yi JlUlj 

jiiJi jj c-ju jyji -yii «j_i .ijiu 

uaSJI Jjm =--—S=_- £ 

c**yji jjw olh £ 

v/L Oji ^ jiM uw jyji pUi yu yyi fm ^1 ji f > , )ii jij 1 ^ 

.JiUly 

: Jj^*j j-«JI<>“ Lfilv q JiUI L^jjl J p 

jmJI j^I 


ij = i*j>ui = - 


(19-16) 


»1 ml’l = 10"3 Pa s ■ 1 cP 


JjA4 

Joa^ v Li jSi jd ^ jL^-J Jl ^ i*yj ysSl JiUI u[j ls 3 

• lhJ 

oji—si j—“Ji o' jy ji uii*< 9-i9 J£-^ <u-»yi o^»«xii 

v L-» ^ infill 0 LAJ 1 m fbio-ly . vIL jjU j^ill Jjjm jij F/A 

: JSUI q^J 

F/A 

»1 =-—-- (UMfi) 

yAill JjAl ViL 

‘ Jl£-Lll ^ i>jJU SI oljL>yi jl wj^ull JjLu ji jj, ji luSkj 
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( 5jUU Aj*>j'iKiM jjLSJI) £jliJI JjiDI 

OuLUl olj_>yi jl) . (PI) )* 5j>)JI oifJ ytfl> jlti jij 
. (cP) jljwiL-,) V 1P = 0.10 PI Lu* . (P) jyJI /ii L>jji)l JL-i-'Jfl 
. 1 cP = 1 mPl : i>lj Jli jjLu UjSij jiu 5j> Jl oja 

. Jjil^JI <>jjD fJJl 9-4 JjxJl JjJujj lit 

ji Ja>^ , y9-19 Jiill litf J&l L^jJJl jL» jl* Uj*i)l iLlw 

jl^upl slD3 ij^L . L$j ^Jj uu U j^Uij jj>)D jji«a5UI JiUl 

IjaJi jJlSI t Ljjyi oliLJkll ji ju£ jjx ji jjSJ jA>)Ul j£ J)»)ll JiLJI jl 
j-ii 1 J '■ ■ J_i olLUl $i» jj%jj ij)LJI rjl)l dj*i[ LtJUPj . JSLiH, i>iM y* U» 
&j_» j-ij i JjUl 4_»)jJ cJL5 Ijj <uyM jL£l j'lljj'lll |JjSuj . j^i'll 
. JlLJl ^Ldl -uj")UI JjLdJl y*i j)$j <JWI 
4_uJ»i j^wl)ll jl uJJvU''Jl O 4.-fj t i.*,ll Jil)JI £>4 0 j&i) <111 yLL Jaw 
l-aoUS’I »j* JJu k.jLuJ'ill wlililj . jju Li sly j lift* i Ltfl> LL* 
i^jll JS ^3 Ij^jd^I ji yLiil Q JjUl Lb oLjj'il Ji*4 Oj*j <jy* 
JiJL 4_Liil5 o^ji j_i L*till j-i 50 cm 3 tjJ yLL LjL 

Q ■ 50 cra !t Is jli 9-20 

9-19 JUJb L>w>)il L^Sl jap JiUl Ui jflL P 2 i P, jtf 01 
■ 9-20 JU yU—i'il Jjuu jtj ^jy* yi US) i ^UaJI LlJi j .-u Pj -P 2 jli 
^ '/j' fl ^ J* 4 jl*i ^)l Liu I Ch <1>.i ->JI JjIj—J l ill> ^3 ^JL'ix'l IaaLJI ,A4 yunlw^ 

1 * " ^ ^jjb i—zljJ^ . L If-J^b Jj_j P jJs* uLw jlj l-*^ ytj-u'il Ji«4 jljJj 

-1799) J-ijL (j*jy flLlul i—fL-u'ii Jam ^1p JaI^aJI oi# udixi 
Jj_m jj_Si 'i UaLj . Jiiyi si* JL j Jll^Jl ylA»J')( UjLa ^lili-l (1879 
; ij^oll jl£ DjLlI ih LLi' jifci k Ia> I^jaI luLu'II 

(9 - 17) 

. i?‘ l £t y-liiJ Q jl Jx»*i . Jify jjllii ^*<‘0 »jl£ <ljl*ll aj* ***/“) 



9-3 Jti4 

. j4_)ljLJI k_juuljjJI pSIjJ ^yjjl OjjjJl; iiLCU ytfUl \jjS& jy-Jl jo/u 

v . uujuJI Jl )J»i i_Lw jail Oj jOyi ji ^Jl yLLI Jj*i JL JaL» jib 
^ jL^i J^L> ljLlII Q fjJl jOs> ji JijL j^)l5 : jiiu* JVjL»I 

; ii}LD LL 3 ijli J-iXu Luji ojl>IjJI vOJl 
Q~R* 
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( djUU 3 _ i V i i l $ .ill J«*i)l 

ill> j Q = (constant))/^ /2) 4 l»L » ^iJll jLyJl j Q 0 = (constant) (ll*) 

LjL-fciUl Jxjm jl ji , QIQ n i 1/16 ji jjfO j^L jj , j*JI 

JSLij LUi liU R l±ii j*lu Q ji aJL» j* , 16 Ojji J*Lt j Ji^ 
^i yJjJl yu_u L^il SjJjll 
0.15 cm La^Lij 20 cm L^J^L iyjji y *UI yl^-JI Jjju xvjl : j^jjj 
. 0.80 mFl ‘111 <>j^) jl jjIpI , 4.0 x 10® Pa io^il JJ> ^Lc juLJl j& Ijl 
. 3.1 cm 3 /s : Ll*VI 


<Jyy <UjIm 9-8 

j-* uy&i L^jjDI oiL5 Ijjj , umi L^jjJ JJL-< J-£J ji J*—' Lm l"ij 
lijiJ Owul \ . ji 5j^-(lll y JJUl £#jJ Ji- Jjj J jtjA li 
y st&j *iUJl i J**> JAJU uij-* y'o—J"jl ‘liji JJUI otfjj j# 
j-M Jl j-4 jl^ jliw JiljJI yjiAJ jiJj JiLJl jj Vn* uu 3jlj> 4 jll» 

DJL/t yilj-P^I J-iSl jit . < L^ « Lilfu>'ll iiLkJl jil*i jiSu >-U*J 

J] yL JjjjJ JJjLu j«-u J^»oLi JJL y kL fl JJ LL iS^Le jLJ jSL*^ iJWI 
■ 1^38 fL j Lyy fli ^jJI Jyjf Jjib 

: 9-21 

jjL— a) J*j) Fi Jjipl JLai 1( 

JLii^(PiAi U.J 

<H* 1—iLii (ityti j jUj ) Fi 

4‘j1m 4jJ-W ojuk . 9-21 JiiJb 4 j^jJ 15 5j|wl» j JJL yL-JI <Jl> y^.jjj 
piii 1 yvlfSJI jl ytfjii) jiiSl£l>l 'J jj—Ls jji Lli-li}U Jjli JJU LL 
l/j L)ljL» <*j-u j*»JI J| J»*ii 2 y-Uill jij o, UjljUU iuti <£jy J| 
J»-iL j-t LyjUl 5_jiJl ^ 1 y,yiJI Jf. SjJJll F l b^aJI jjS iJLJI :jj ji 
Jt. jUjJjil jOyll J j\jX jl ) , 1 jjLlUI <>L A 1 ‘ JJUI 

( LylJ iljJw 4 jI UjL U^j jil . ICpLu 4ok 4jijll 4y)l jjLj •■!-. 'i'J 

ji 1 y^l^l ^S)l iiLil jl , 2 y<L5Jl Lt Fj - P^Aj jli JU^ 

. (OjfMAj) j^S{ yol^SJI Ijjb <a}j,i jjJI JjLJI *->o- jli uj/ jA 1 4jji j»j 
j_i >l_L> ^ v>1 UK. 2 jiLiJi - jl j_j*i jj| l. LLll^U Jjli jL JJLJI jl 

; «i .{v^tYAy) = (OjfXAj) jl* **Uj , JJUI 
i»xAi = vAi (9-18) 
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( djLD lyl^JI) vjIjJI J*UI 

jyLu yj>y i 1 (j-LjUI ikUyj JjjJl J*UJ Up J yy J‘U py 

: j3] » F, = P^, ji tiu>j • F](v\t) 
JAUI J>j = P 

ji JiUl J>j j* l*J* jli F t (vfl Ujjj JiUl j* u*i JU 2 <^l*£ll ji &i>j 

. JU> pjioJ 

Jj *JaJp JJuU 1 ^LjSJI tUly; j*y]l Jj by*all JiUl jli Ulj Jj iiLilL 
L.U4U iui ( V -U*>y M AillSy ) JiUl li* o-uij UJjJ <*&) V)U Vj#*^ 
oll> j}J v 2 Ulx» iPj-u j^l JiLJI ji ki» 4 > i l^ij . £-»yll <511* > 
4_>*ii ILilt J! iilUl jiuy Jyxu Jy- £*UUy . ^ jj*3 Jy- CSj> 
iik^ iuill oia ji J0jiu wiy*. Uiily (, JiUl J>yjl l**-3 JyiU 

: JiUl J>jJ ki»i> Uj Uy*i*3 jiJI <JU)I yjUll <j 1^ j^*! yylfS’l Ufl 

JiUl J>j = JiUl + GPE J j^ill + KE ^ ;*UI 

; 9-21 J£UlJy* Jf UW-L . yi 

PM ■ p M* m b% - h \) + \ Mv l ~\ Uv \ 


: ji ox) otiSJI Jjyu j«y. A,u^ «jja» JiUl j* ji*ll p**JI M 
M -pA x v x t = pA^jt 

Je J^xxi Ujyj> y^Ji Sjlply 4ifUI iijUll J JiUl UjS jP ji*yULy 

: <fi\ aIjUII 


p, =p 2 +2 ^! +psh * (9_19) 

2 y 1 jUiiiJI ift 4 jir * J*i Oy^y j' jUlyy ■ J y* j* 

Lxiu? UjWi ojj* ji i dJj £-. t jl> 1. jiui J j«u; jl liyS ji ji* 

. JtSu>'j! byi JLiaJ jiii I j] ii3 jxJsiU 


jlLiiyyi L/i 9-4 ^>Uyi Jti* 

kylu l>u ljlj> JJUj JiUl li-» . JyiyJ ijp li>,M liUw 9-22 JliJI Jl*i 
. 'jj ^lill > h 2 Jc ijy-U J*j V J>yi £|*ll i> h \ ^J 1 J! 

_L ^ V LU ^Jjl «J-JI jljuu J_>yi k yjJJ U/4 JiUJ uSyUJl PUI jtiOJ 

/ !1 |"j . J<j (> 

: 9-22 Jii iiyWl ^JUI U* Ji*: jilt 1 iJaijJl Jt Jyj> ia- ji»i Jy-» : J^IawI 

23 J>-1*>• ^ Ul ^oi■*« ^ Ul ^ 
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A c 



9-23 Jii 

JUP L. jfi\ JlUl 
C^UJJiuAJiUS 

. tUull ill jjp 


( djLU Liub-ll ^IpJl) ^LJI jrfi.ll 

V 1 J'Ul 'r'^U' jlj** i> lj"£ $ V % 64 JlUl yl+U \£j* jljJU Oj^ 
^ Ufe . ^jpL, |^L» sSjU i>, ji jLul . jjUl ^JxJi u 

: jlill£ J yy iJjbu ifliS 

M jl^l oi* oil t 1^*3 J>*JI kiUI jjL, P 2 J P } <> is oi A*>j 

. O'yUu 

«V}^ + « a j 

: Jfi J-»U Uj 
( 9-20) 

U>y_- Li-i f—> \t r o'jU jijil o' ^jBu ^ oi* 

Jjj 0-* Jil—Jl 0-* 4 -uaj <J*£ j»j3 jl li*j Aj - A 2 »jjj ^tfjjl (0« \‘j> 
A- Jji— o< ')* lijL, obiJ jj JlUl o« iuSJl ^ oi _jJ U p» i^lll 
lT* JlUl ^L- lSj3_u jiiU; Jj— pkJly . jj^Ul J,.! JJ JlUl 
Ult JJ iji-J C**G ojjiill JiUSI! J^rfjl iili JyOCj i i^All ^uy jljrfjl 
04—3 J>- Xjdi lilt oi* >' J! jj^QI J*j 4>J Ijlj , Jtali J1LU 
Ll« C^Ij . kfJI JU o'pJl JlUl jjirf. j-ii JJ jijoll JlUl £|fcjl 
• ‘jUI JAAJ OoUl jxij JJ UjjUl Oik jjlji Jjj3 
‘ ^0 *-P k_iJJl olij ji^l jiJj jit UU* o'JkJI 0^ lij i’j l*J Lt : Oi >jv 

V Cyll jliij k itu> 

fig(h r h 2 )l2(k-l)(P l )/p ; ^1 


jibi*]! 9-6 j**iy 

LJUJl oL» ^ . 9-23 JiilL oUU ^1 o* f U ^ V U .111 oi 
OjjLiJl Up 64 B ikiill U oUJI Sj^lil J t Ul i#y jljyu o>SL oi ^ 
ui VH J^ j* C } B jAktillj^oi 0 * *4*^1 j*> 0 ^ CjA 
‘ fi u* 2,00 m/s JjL-3 ) t 0,200 m/s jjLj CjA U y^l « r JU 
. A jul£ iwueJO B jup JmUI Ojl* 

^JiliiJl J4U1 oU» k-yLi oi ik»OUj J yy JJjUj jUsi : ( y]u» JVjOUI 

oi U*> ki»VUl killl JuP lyll IjIjL JjLu 
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( iM AfiM) ^ 

J jjjJ * p r 1000 kg/m 3 ; v B = 2.00 m/s i v A = 0.200 m/s gJjg 
j^b <lJu j>! jliiiVI j>b jiLJl W o|» ■ Pa-Pb~ 1980 

J jJ L« Ia* ylS Uy . ^ 0"*- Ul 

Jttll J*- Jti . <*J) oUjJj «Jj ^ lj-* O^j • .r* ^ ^ 

ixi »ui ^ ^ ^ ^ J>~J' J (jwi y»- M) ^ 

. yli^rtl l*y J Sjl^l V“-“ ^ J^ 1 ^ 

Uj JUIS CjJLjS B 1 * *1 jfii O' v*** A 1 * O' 0 ^ 

0>£i J Mi ui] i B J! A jj JttCl Jie lijU JW J 11 - 11 0* # O' 

yjK) iyi\ ii» Lbj ^4 , j^'l J! <+*" Ojw J,i iy 0*3 (ail; JiUl Ija 
k*JI li» o*S» o' J- 1 * O ** 3 Oj * 3 o' v B J! A i> »l^ll J*e o' 
B j^£ .LLiJI C Jufi li-ill jl ol^l ji 
|\| .;■ UjLc I 5JU <U^JI j_jii *iu> L iixb j;Sj Ji1a)I yl j»j - ***“!' »j» 
\p y>JJl jLil; rtLlll aJ* OjlUsJl rloJ *ljfJI ^ J 51 **" iM 

. yu, r>-*> J*> .l^jl wlj-JI 9-24 J-SuiJl . y*U fj* 5/ 
r 3 >ui u lm rM «5^J' j^-ii jy J>' aL - ^ ^ 

OAI LfA* jJ\ ^LyfJI jjj tl^JI ’ 0 j£ O' ^ O 3 ! * c *» 5 ’"^ 

■ #> i)l py dJl 31 rUfJlJji jJjusJI jy 0^i p 0*1 j;W 
oljW ^ Liui iy^ll Ola yJi • > J! ^ 

hltj JJ JJy Ji-1 J! ip> oy Jjy) b^-Sb ifuJ Jibj ^u> JiUl 
lla , jL-JI pj»} i,M ^'>! oH W0 J! ‘^' 

.. 4^1 o'iuii ^ u* /i oi^i j* a^Ji o* b 1 ^ 1 o^ 


i 9-24 

i__luill) IjbJ bibl* 

. {\j*} Jji »o>k>J ( 



a jWI uUo^ll JjIm yJJI 9-9 

i,^.u ^ jsu u»* j*Jp j) Ji'r* vM W ^ 
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1j) 


: 9-26 Js-i 

j—I yl > ■•>&] jujUSJ «Ji*i 

M , 4ft>-Jl i*** ( i) : ijjJU 
ylj—(_>)* y_i4»ll yAy-W 
. Ujli.inl> 


( ojUU ■uiylSUIl ykyJI) .wlill Jyjjl 

vU~‘•’I 6* Jl j-Lc jj^Ul lf> yy ^1 jy JjU; 

yLa,! <il)iJ ixuij . JJUl Jilj jy Jii d)j j iyJii t JiUl 
‘- ka' t U 0-* Jk-Jl LSyfc itj— (j-4 Jji ipj—y jlji+Ji J*Sll JJUl 
jlj-L ^—^1 JlpJ JU i iykUJl 19-25 J_SUI »wiy« j^lll 
6i)Llll j-i v ,)i £_>)U ) , OyjSi UUixll £-»ljll jj le^-Jl 

{ Sj^-Ul ^LL$ jit *Jsu,yll ^y» 9-5 j 9-4 j*i>a-ayll 

<juij »ji u 1 ®jj—«U j* Jil— k r »U«u'!l jj>l i*~ v 9-25 JSJt JJkj 

J>kA4 jlS OJ JJUI fcj U_j_u . A <Liill JjP ~>Jy*y\ tjjjl ^ , 1)?1 ; *_/|jjJl jj 
^Di5 . Oj^rfUl J>l.) »tiil £*jil k»Jl jjjJl 4 jA gjj Liiiu* otyj'il 

. ‘L-L Lb^k> «_yj <_iy—i . Uui JJUlj i i^lyll oljiJl yli 

yU-J !> gyJI lik Jj-uj V uLUl/l Jjjtk !*—I ijkjjl oi» jUyj 

ki JJUI y_i j-Up J-S £yi; jUJI wjLUHI j* i yjl . ji^WI yl*U^0 

• 6i** yUU 

• j«*> ji •>!> lj"5 ytU*!ll ip jmi jlJU ylS Ijj J 

ij^wu i-yik jyL l+ltt LifL iL-iL LjU'llI ]>jk» j^u J ^ *lljyj 

yjU»^Vl >L y^mll <>« ^jjjl lip • —*9-25 JfulIU yjU« y US 

^ L« jl ) i^SlSi>'il oLUl Jl j 3JUJI ojjk . y^ktfJl 

k>r k UliL>'!|l i_»jUII jjLj^ L_y—u kjjOj li», t ^Sjikll ylU^ 1 <Jt> 
^ J-rO'y uyb yi flill lj* 5jLi , Jfl , yiLUl JJLJl ^ U)Ull 
kjU'Jll iJl> J) 





k-c i>JuaJl U juijj 

tr J*jU. c k_-yp fi ;i wV-ji 

• C^->® M 1 
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( SjUl) iLSjll^jJI 

^ Dj^U J> Ijj*** ( Lij*c ^Ul jl) JiUl J o* \f4 
J Js. vtii yL-il Mf J>UI li* il 4 wW’sH 6* O^ 1 o'* 
Jl5S**il ojLrjJ l^j . SjM Ji*- 1 ^j wi i' J* ^t- 

oljiLbJI ^kJ (u*-3 oljilUlj oljtiJI y+~ Jjl>* vljhill 4<ta 

jLSil ^ Mi i Ju*Jl J! c^ 1 J 2 *V< «bM) 

. AiUll Li>Ull & vaSl yta ^ 1 ^ 

jy y yulii i^jjl yuto i tat (-*11 J>> JJWl yk-ul j£t l*ji# 
by v L-> oJJ ±Ji g*j . u k/- jIA £• Ck> LyliJ F/j 4 
4 *)U*i, UmII j)>ili djU ^UB Lpli >11% ‘ &y* <ta* "ta* tak) 
r U , ! il^JI yU-JI J_i* 3yOUI Ojlill \$yj f ’** 5 ’ -1 

gnj *sy- . 5 45^1 ^ 1843 r u j) ■ *V U ) ^ 

£jl. J 5yu> d>*3 f UyLi j-#j«/ <Jl» J v )h on ^ 

• jy\i( li* ■ *? 

F fl = 6m?™ (9-21) 

jy jjli oji-All yL-J'il v 1 »ja>J iyl$ aJW' oUjJI *JL> ji U 
iJ’Saa ».li« <L-Lm> JJl* 3 L^-il Jy u 4fijJ\ jtxi* £-• <tL# 

oLuil cAUH fjuo ^ J-»j xij J-Ui j-J J! ^cy/ «j-J' 

: u* jj LjJ^t y-iljuu ffl |jl oiylkllj 

t 9 " 22 ) 

J#Imj C,j j-kuM 1/y i jl jjtaJ i>ui A d^> 

, IJOA^ ‘1^1 ^ 0**i 9-5 

(jlj 1 iu^uJI 4*1# y <lta tak) ‘■r'ta ^ 1 o’ CH 
ji Cfciii jj (ji dJj . M-J* ta»yi V-y (»yrM 
JXA) *1 CuLJ Im3 J-Xi Ujit yjki. ylj-J JJ JyJi yta^ 1 

: iWaJl* j J y>j m jta* • ta* <>/*“ M J! N R j^J JJ< 
1V g *pvd I ji (9-28) 

d > yu^Jl ^ -ota^ 1 «>» 'l 4 » ‘ P ^ 

* iLLi . oj^iJl* Ji y 

Ul> t Oj>-Ul jJJ J^y>dj£j Sjyli j £>lil yk-il ^ 

JiiJI f—j»Ji !ib • i > i]l >» y rf ^ ^ y ** 

yi,Sl ji>u , 9-e JjJujJI itaj . DjJlUl J^l ^r* y^d^ySi.%* 5yiWl5 

, 4 >^1 jdyij jIopS 
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(wUD p k jtkll ^l pJI) £wUJl J«m)I 



. yjkuu) 


: 9-5 Jjj> 

• ^lixL/L Llil! tlj^JI i»jlio J*Ui ^JmuJI ^ 


tl^+JI <U«lio J*lu 

p>ll 

1.2 


1.0 

( l^iil JlLm ) »lpJl ^ pLJl 

0.9 


0.5 

( £)!■*<- ) »jL- 

0.25 

( pLt-ul l»jk» olj ) pil^j Sjl^ 

0.15 

pL-J L»L> jj jlLi 


:9-«Jp» 


. jj lyjj JJa) ijjjpJl 4>pJl pjl 

Nr 

JliliVl 


10 

iyS Jj_> jpUl lj4>_o5U N h jdyij JJml -Cfc^i)! . 


( cH^p Oy 1 * ) 

1000- 1200 

„** J^- 4 * <*iiy*—i ijpU j* yljki^l 4 ^ - 

2000-3000 

0>^U JL> ) V'tk-J Sjplj ^ yjl jki'il Lljj . 


( J4 1 * uyl* 

20,000-40,000 

p^L< jiH^I J* yljki'ill OljJ - 

3x105 

F««* y 2 o^aJi ol^w"ill LijJlp lijUl jaII . 


(lx#* 1 j* !■** ^1* **^1 J! j^yij jjaJ <*j»JI pill ji <> 

j^Um ^3^-u L»j>i (jL»lLi Lai jl$ Ijj t >li*i. jjujJI ^jUill j*ily ^ 4 ^ L* 

Nr cwLJ Ijl (j^lku lAf/L-ul ^L*i jli p/j y-Uu; _p5U 

fjf-iil IL> Lilull/j jlpLii* U^ji j^Uilll (^jj» JH JU^j . ^l^jLij U^J 
5 y** ^3L*i ji» 3j-*J J *Jl 1 jUii oljUi'il jlb^Jl #\Ji\ y> 

“II J—»l—*■ J«l—y J-L; ^ ...L U o oi^uj^ll LLuJ oj^i) JiiljlLUlt ol ; Lt_iU 
j«S p* Jp y ) ,}Vl oLj-u^l jli • ( W R p i>j ) vd 

' bfij* j^l p> Jp p^JI i- J» . A ) pill (pj i_jLuil ^LLu-i (a^4ji rf ) 

: 9-8JU» 

l+Jp *lpll yiLoil p<u J JJ 3,0 mm iy»j _J« ijai LuLj jl le^ 
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( OjLU 


i (jdlfiJU JV.uljI 

V iLsLJl ^Lil s^ojj Jlv IjL 
y jlall Sjlai Jai«J Uju^j . |k~*> J] jkll ®jki yi/j '■ 

<PjJI j-jy Ut^ ‘ l >fJ | V 1 -*^ «jj* v 
V v L^il 0 1S |jj L, ^ OitoJ <j£*il IjuJI y l. ; Jl>- 
jjJyjj JJjJ i»yJl Outiil J 9-6 Jy*JI (j-*j • Jx ' '■ *4^?' 

,N r .lOyi^JI *Jl>y 
* v mix Lilfll oLfLul ILJ J* • Jljw 
: Jjli^Ji <> »ij+Ji otSSj i>j}J j£*i : 
p= I 29 kg/m 3 j r] = 0.019 x lO'" PI 

3.0 mm . )j!sJI jki y> ikiL sy i)U y d J*l»li jli 4lliS 
■ J^ji 

; v J| (9 24) Wl J~ 

v*N„i}lpd 

k $j} , i*yJl ifjJl (jf U5jJI <4^3 Ojlj OJ bjkA« k_/U-J'b'l 

: jl ±%j Nr = 10 

(10)(l,9xlQ~ 5 FI) 
tW= (1.29kg/m 3 )(3.0xl0 3 m) 

= 4.9 x 10m/n = 4.9 cm/a 

J_bi y* l^y uullu Uj-Jl jljJu ji liyi i3L>'i' . UjJI OjLft jLf 

jLl< jjti 


: 9-9 Jli* 


uyi Lyii J*» ^UJt y v Uj (ji yiw ^jJi ‘Hi |^J <*o*^ <*$' y H 

? v >Jkll yk-i^l Ay* JJ 2.0 cm 


q 


i y&u* JVJfiJ 


V ‘,'jk.All yLyj^lt l»j«i Li : Jly 

joy ylij o-yJ! ctkJi j*;J*Wj jje a<>{ Hiip yljktfill : ol>Vl 
JUll ij* y iV* = 2000 jLl>l , 9-0 Jy*Jb j*. y ^ 3000,2000 

? a^uji y yi**Hi ^^i y h : ^y 
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( »jW ^IpJI ) £,1311 J*DI 

<U^—, jljJll 4-uil! LiJw N n jxiy^j JJuJ 5_>pJl Lull I ; 4yl»]/l 

AV/A/ = vA yL-iDU ^**1! JjJI 0 £y . o yl^ll 


5LUI »UI L>jjl JL&Jj (9-23) iljUli j JV„ = 2000 ^ ^ , auiwi., j*ji 
■ yJJl yU-fll <JU J yl^l «y jljii ^JwJI uOJl Ja>0 9~i Jy*JL 
(2000)(0.801xlQ' 3 PI) 

*U = —— 77: —7— - ~ 0 — = 0.0801 m/s =8.01 cm k 

(1.00x10 s kg/m*X200xlO' 2 m) 

t <$ * A = = 3.14 x 10 N m 2 = 3.14 cm 2 y k ,^I ^Li. i»L» j£l» 

: jjfi yL-J}U JjjuD 

~=(8.01 cm/sX3.14 cm*) = 25.2 cm 2 /s 
A/ 


yb-u)U JoaIIj yl+*rtl 4*y jljil jLuJuJl U* La ; jjjii 
V 10 cm Ujkj Djj-rla y *L1I jixlall y UmA^I i)l> 
AV/Ai - 126 cmVs a i.- mai = 1.60 cm/s 


: 9-lOJO. 

( P = 129 kg/m 2 ) *I*JI ^ ijLy 4-^J lajiUl yJL»ji i^i L 
2.30 m 2 5jU-JI A luLii 3>Lal J ^yjl v y^ j^|» 60.0 mi/h U^lji* iuli 

**J—*1^ *» A' . 1250 kg VBS ^ 

ujaJI j* y$i 

i jibit JVilul 

V Jliil Qa ji Ijjill Ljl itMjt I At*, ; Jl^j 
o-* »>* Jj_>Jl J y. ji y*w» &li iSjl*Jl d,ij»aJ : ijb-Vl 

yL-i*i Oy ijUJl jjjjll al^Jl L,jLu Jjj JjLj £»J| o)U* oljLfcj 
j-* ®>W vj-» J-A> j* U »*i a* i^LlM ijJi)l ji jSjlu ji cLie . l^k «i^Ji 

j^iJl 4 ^ yy jjjl ^»»J| &j> 'ifiy, jljb 

\ ‘IjfJI iajli, 5y yL> jiu Ju$ ; Jljj 
. b>kA* yb-J'ill j^» N n l >^pJI luiJl jjJ yjj jjut Oaj y^J IjJ : 

9-5 j_» x»J ji liiS^y . (9-22) aJjUIU jjL> al^Jl ujliLa ly Ja*jj 

(' 0.50 J* C t> <*j(la JiUi jl 
f »j* ji i>Jbll iijbll ^ U ; Jlya 
: ^1 • F m = F n s \p AC u v2 > J->J (9-22) SJjUI «> : 0^1 

■°A jiji= v 5 (^v 2 )4mv j 
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( wl*l) ) vrftSJI J<mII 

: ji jlxj oLLaII pLisi-Lj. 26.8 m/s J| 60 mi/h Jj>j ^lj! iliiLUJlj J*)' 
ijjiil - ± (1.29 kg/m 3 X2.30 m*X0.50X26.8 nM = 1.4 x 10* W 
(1.4 x 104 W)( 1 hp/746 W) 19 hj) jjLJ Sail I &1* jjjt lhp = 746W jl du>j 

OjL» lj[j (P * II s ) ojWJl i jlji» IjUuI xM ijjiJl ji li>‘l 

ojllu iyj LbUl ay_2Jl :1 a 1/8 L^jjL jli 80 tni/li Ujl.iL <£**/ Sjb-Jl 
. <*jdl J* sa^ jlum jy^Jl JiLfiwi yi j II* *l^fJi 


*Uj»JI 9-10 







MW 


: 0-27 J&u 

j > a j‘i I '.T i . iva* 

jJc a-ll j j-ki 
<^l*Vl A* LJU i jpi JjIjC 
. fljfjl LjLL ,>Ujj 


v r Uj 

:9^26Jti 

APj_Jl. iiL— Jf. iy'yb j >11 
ij_iUlc ijUS^a 1 p>J y W* 


**>- j—* j* a>4-4 

> J_i l— Ale j jLui Ljlj 


. g Lull LUaj lejLili tlL*1 Ujlupb <b}UI |.L»Si £* $1 liULJ 
JM> 1L>ju tuU l *Sj> d» ibiUl ^L>Sl Ifki ijjiS illjl Jli* 
ifj-Jb Lilill UjJl db ^^a-j oHUJl ai* Jl« ji». IfL^iL iji j* jjSHI *j>Ji 
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( iuLU u^l^pjl ) £jli)l J^uLtl 

«j* J) i jLo ^-*>Jl jlfi jjjll »yJI jiLo oi b^JI o*J J** giJly . 

^Lu il^Jl y Oij*J oJJ ^Ui Jj j^Jl ^ 5^1 ii^Ji bjlL 0i £ <JUJI 
JSJL, lj-» J*U . jU JJ ^*11 Je 5jJ)ll bjbJI jyj 

Qu V^US ^ »lj+Jl Ujlb 3y J J*>K. bjJl Jjlb ijSIl Jim Jill 9-26 
yLa^UII jUUj 4 j*Ul ^—lilJl Ijyij U5 c/)ll>Jl jiuu u 2 £| jl V £* 

j-» ^ ay 0 i ^ . jslsji j ji^ r 

. trig <_Mill Pq ^-*aJl b^» . ^iii il a Jb J£jJ| 

. F„ = ffltf 83 JUI oL? ^ J.^ jbi U r Jl ^1 b^ Jj- Lubj 

it* 9-27 ^ >» ^ CnjJ 1 JIaj bjJI ^ Jiljll »b Jl J*l; ^3 

JUII Jj*w ^b o 1 CA*i ®j* 3 jm^JI shJJi oU^-Jl ill* 

JJ 3 -U »L*JI J ^L- a—>» iyJl <JU ^ aIj+JI ^ 1^3 i^L* <JL> 
jU^ »lxej Ji_wi JJ Ujj WJI aIU J »ij*Ji j Lyji «Lkjl Jb 
■‘-Tl liA • * u-JSf J»jUl f«*JI J *Jl> JS JJ 

. . <liij biUSl 4i>L»j <iali£5L»Ul ^Ji j*\y. ^ ^ Je biljji b^Ji 
. jj ylj , >'l u£i J 3/ Jyi- ^1 . JJ 


: 9-11 Jib 

-M-j' • V**jSN J J lylfl JJL UU11 Jitijjliu^ 

»U y J-i£ r = 2.00 x 10’ 3 cm b»>i uuJ JSLlil ^ jJliJ 

. 1.00 mPI *UI 1050 kg/m'J jiliJI 3 jL Siltf . 20.0 U C cjj> Jjj 

1 ^Lv l JYolji 

t Ja*< <o jjji tJ -/L' 5 ll Lull sk U : Jljw 

ayi! jjii (jl 3 *LyJl jli Ucj . ^Jlp b^ p ^u-.jill Jjju b^| 

. IjilijJl sjilll 
? jilSJI ^b SjJjll bliiil j«iJI L : Jl^ 
b-j^l 5yj yUl iy 1* ^bi JJ 0 by /y } t Jbl JJ bjbJl # ; ObVI 
? 3 yJl Db JS <IjUu U : Jlj^ 

j^Li ) = 6w7jrt),. » ( ) F b = p f Vg ( F g * m£ : 

• ( j£y~ 

t- (jb, jyji ^iL. UaU J-o>J ^1 UjUll y U ; Jljw 

m ” P f Vg + 6m}ri/ r Jl>)'l 

m =^(fK a v =f»- 1 
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( OjUJJ AjijjliJI ^?lj>JI ) j-iljJI J-oill 

' Jl Sy!l ^jjLo ^y“>C Ujlu JJJL>JI ‘—Jjjjjj oLiyjAill ‘)^>U ; 4,tiM’ii>llj JaJl 
Ip, -P f )^^g-txi)rv T =0 

: ,Ji Vf Jl ij-JL iljlxll al» pi) 
v T » (p p -p f ) = 4.36 X 10 ■'* cWb 

lj_» ^ lc Jj ix» l_Jl£ jli tlDj jj . <^i> ipj~* * 1 *} 

. oUL J}U k-JA-jlIL ULj vij- 

- JJUU jJLijJl &-> J*ill j-lfi i «>» . { wu-iuli Jjaj jl jl Lui^j 
g ^ wju^UuJ Vf jl U^l Jk»^l . Jil5Jl (r 2 ) ^Ju i>Lu Jt La/j 




Jt 1jjl5 jjl» jl v^i 

v JLuiSlj jLf->)ll ( _») , Jyb jjili ( J ) w OllSJl (.*) i ^jlfJI j*Pj i^LJl J-I>»JI (o) ; ^lil { I ) J<yS. 1 

. ; .. »»f l 4-ij^il J*Lu ( ia ) t ( i^»iJl Ojyil ) jdill J*l_M ( £ ) i JVow ( } ) i fcjjil ( j) 

. kjjJuiilj | yuUl ( j ) i jvj-iAwji ij^L* ( ^ ) ; yJaJl Sy ( J ) . JIS-V iju* { 4)) t Jli-UI ( j ) 

. jjJ^j JJP ( j ) I Oi-jjDl ( ytf ) I jjilpll U^JI ( J ) • lijttll »y ( £) I Jyy yjU* ( J *) 

jU. ,..Ii oiiljll J iillSJI ^1 jt>swl • 2 

^_i>%>JI J»IaJu^II_j ^<aiJlj J«*JI <U1> J *Jw 5 jL »^Jju kjLb>J JUij'il* jlf^^l dy jyli «jy* ^UiU. 3 

. fcjjll Jibu iUjIjuj 
. j-SaJIj iuusJl <u*y*w jyUl jl*J. 4 
w^LLJl ^l.l*lwL JiL J j^A» J*P Jfi ki-» jllxll Jai-all uL». 5 

. jUII iwL» oLi»J l*f*ljt»J~<lj y*ylllj /“JjljJI Jai £p - 6 
■ jM 1} J^l Jauuaj!^ jjjJlj Jl£-fUL LajJl jP jjjajJI . 7 
So^ » 8 

( ^>JI jl ) OliSJlj iiiSJl f y« jls ay^il yUl jy jL^[)I ^J4A4jl Ia,u - 9 
, *ttu.«uJl oLLaJi l^jlApOLjlj Jijlj^ iljlw ^ JS -10 
jiu Li <PjJl jjSJ UjJ>p j5Ui U Jii j^u Lull ji oL‘lj kp Jyy H 

. _pJl l>y-Ji ill> ji p »y)ll iyiwj. 12 

■ ^L- All . .L .’.Sl ^|jy jip i>_yJl Aawyill ujLl>J Jj^Sl oIi^IaIIj pyij JJ,C fl A ^a-'l -13 

-c u J 

jjijifj iit Jaa. ijhvi CIja o!ll> jjj iiiiiA* yU-jl ilfA jj ^}l)l yl-* - 

, <l^fjl ItjDLi ^wv)l 
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(fry ^i^ji) j^j, 


1 N/m 3 = 1 Pa 
1 atm = ] ,01325 x Ip Pa 


jA*la 

: JMiJI olj>j 


1 torr =lmmHg= 133.3 Pa = (1/760) atm 
1 bar = 10'p a 


1 Pa S = 1 poiscuilln (PI) 

1 poise (P) = 0.1 PI 
1 centipoise (cP)» 10" 3 PI = 1 m Pl 


; ‘UwLwl jjLwj olL jfj 


itoSJI 


P ~ “ “ m/V (kg/m 3 ) 

fjoj! 

(9-1) 

sb.-L 

P«,0 

:(SG) 

(9-2) 


(9-3) Vji 

*-**♦> = 4 

A 

■ ^ J* F ^u» 

: LiU 

= -a P 

• ^ li>U Jfi Oj^4-S F ^ 

: (DC 

JjUl JW^I = & 

L o 

: JUiVl 

■ k Jjlj< k!u> 

V 

La J* JJ yt- M 

: llflj 
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(uLU ijUU j.Ij 4JI ) «U)I jjill 


j4»?i 

^ JJ “"dE 55 r 


• ii v-JJA. 


- .1, I, -I. I I ntIA _ FIA 


4 ti>>Jl 4j|al JjL*j b 


-A? 

' AV/V„ 


P = -f (N/m J = Pa) 
A 


P c P. 


P« =P^ 


: (Pa ji N/m s ) fcjjll J«Im 

: 

( 9 - 8 ) 
:d)D 
(»-») 

: (P)LwJ< 
(9-10) 

(9-12) 

AjU LiaJ Jjljd 

, ^*«Jl h k aIU' ollS pf <ixt> 
: jjxuS ji >jkju> 


aIUI y Os ji 0>> SLJ* rljll £>UI ^ jjU F* yUl iji 

: 

F ff = py Vg : ^ Os V JJ o-JL . 1 

F b = Mg y> J1L M 4jljS yL LjS - 2 

: ol^li kjluul 

iUifiU <LIa 1I Jji JllyJl iil> j : ijWAAilJUl aJjLu 
vA - conBt. ( JiUI Li) £*t> j ) (9-18) 

,_i ^ . r i ^l ^Li* i»La A j kjL-u'il \*ys V klu> 

: ( *1 ) <?J> UI 


^iji a^i 


_ s F/A 

' ^jiJm, all 


(Pa. s = PI) 


( 9 - 16 ) 


L Ujji oL* Uj Lin aIUI j» oi&M v 
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( djUU ^Iyj|) ^fcjl J^JU| 


: JO 1 * Oyl* 
$ J 11 - j Q vW 1 J-»* 
Q= (e^) CP '-' Pl) (mW i 9 - 17 ! 

L JjLII ju JUKllI JxwJI P l -P l , S^Ul J^J, L i Dj^Ul 

: Jyy 4f« 

: iiOSJI cuU JiU g^lll <JL> j 

P + | PV* + = constant (9-19) 

. jiui m p** ^ 

: oM> 

• ^ u ^' ' 7Jl ^' ),, “r o& ^ U jJ j£ 4*zii iyjl J JMJILu ji j yjj iju, g\& 1 

: (Nr) jjiyjjjj* 



. ^Ul 4*)jJ 1) . ^Ul ii\jSp ; yLill ^Jlll J jW ji 4^1 jtfd l oLll 4f r Vtiu> 

: oit> 

JJ Jlfifll 2000 Jly. AT„ uy Uile 1 #>«m ijj-li ^ JL yL-ll J j* UJI ojpUII. 1 

• 10 6* n r ^y. ^ J tfysi. 5/ ill* J y^^Jl y^l 

: ‘Ujlltl iy 

: HjUIL o Ujjj Vjm pL J Jyiii r Ujlaii 3/ ^ ijijll iylill JuO yUl'ji 0 £ laic 
*e = H™ (9-21) 

: v 2 £• y*to iy oji yl^l Ij|) . j-Sy- jyli y li*j 
*d“ (9-22) 

, *lyjl iajli* JjUi C D k y-*i) O-Lll A . JiUl 4lUS P 

ol. ' ij.» > jj <Ulwl 

* pfcii, y* Jii olj y^JI <> 4 aU (.») r JiL (y) f y*£. ^Om yJlj ( i ) OliS ^ J£. 1 

Ujjil JaL* (_*) r 0 <j J«U» (y) v J,IUI (>^ y ilUl *1 J,Lm (I) ^ dLL* J**_ 2 

► jyJlilUJ 

!f J—jl kil> OJ^yi »y*Jl |ka»> Jt iw 5 jp 15 alt till Li-e '■'■■; J> - 3 
j-* 2.0 cm j4j: Jt ImhJI up la . luLii lljL. oi>Jj otUi ^ o^L. 4 

^ ilfi-Jl V av jl« WJI jljii Uj ? lyUiJI ilAJl J yj ^Sl Jy. Sjjlill ala 

V ySlI 
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( ijUl Ulul&il U0 IjiJI) 

( V ) ♦ »UI ^ ^ ( I ) f-JfJI li* ^ l*| JiAll j*± f-* ^ J£- 5 

-■ oljuu iiUl ^ 1 UjJ 43^ «i. L » > iitf£ >-i*S • jU'jll p*** ^ ^ )**y* j -* 9 - 8 

? Jj* ukai j^i , p*> > jjsl if*-* ‘W ^ *uii ^ yk- f p 1 ^ 

jLpVl Ji Lfijftll JJBBO-S* *UI lilU yLJIo** ^ • ‘ Ul > ^ ^ 

If uljUi 

v ^uu v-i«i. ijoip vP 1 o* *w jjw j* *w *y fe*yVs ^ <> ^ ^ Ji v ^- 8 

* ^k- J* ULi ‘HI J US £i) |J jl> > *Ule ^ J! 5 ‘>^ ^3 ^ 

01341 op • i*ui> J!■►>*“ ^ ^ uai *• ^ ^ ^ S jli ‘ Ul ^ 

wa-jSlI Jo» oLlrfj pjWUj . ^ jSlI iV 1 <> f J 10 

. 4 *jj ^Ji ^j>Jl yiJUj dJj jm*; JjS ^£ 1 . H pi ols^ ^ yjfii jJSd» •** ^ 14 

Y ^«Di a*J1£> a*L wl* j' £• <"Ll' oi^iijjUl ^lill pJ*i-i ^ lj^-11 

jUU jU jSu. Jtfj i ij±~ 4j> "Ob. j iiij ^\p >3 Jlil'jW O' a' j ^ 1 >- 12 
jju ^i . JLill jUJI JjL JU ^ LjUJI oljSJij *±>U}II oL/]l |>SIj • 6p t*» oli (> & 

Y jjaIi Ijlwj uei J -®^ 1 ,^>J'i»iJI 

v«ui v-» •*&) vf 1 "'j tM j| j ^ • t^ 1 r ‘'x- 11 j*- 13 

? 1 *U j^Jf /^ 1 

JjLu 

. J j y ^ pJU 101 kPa jyti\ Lull J u*/« 
9-2 ) 9-1 jUi)l 

9 jjjji - SJ u oUi" j* L 98.0 g IfjJjSj 3.0 cm UjU J-w o*** wl* <> **p* k*-"1 
Y ■ -<l i iillS ^ U . 24 g « 2.0 cm uLi Jy» >r*^* - 2 

Y 2(TC jIp (J.O x 5.0 x 2.5 m J <**> jjjjj Z* Jt 2/ j j>>j 1I ^ j* *•-* 

y U . 344 g pJi Lj^ 3‘ji« yj ^ ■ 340 g ^Ul> 3^ ^ 4^j * 220 g ^L: Ujli L^ ijjjB - 4 

t aus 

9 4.0 cm uLo J^l» *1^ l* - 5 

^LL Jib &Ju JM±. £ lSll I 2 . 00 kg All* ^liJl *A*JI <> y ^ - 6 

? jJL>Ji v*jJI a* jlsll > . 190 cm 2 All o>y 

Y r Ull ji jJUJI oJ*iD iyill V ^ 1 ^ ^ 1 o- 1 ^' ■>^ 0 * 6 yul1 J* ^ ,J i *' 1 

f Jtfjjil f+JI Lius jjU IrfiittS oils 13! >jSl>i a« A^ u . lx I0 19 kg/m 3 I^ill OUS. 8 . 

, A/, =5.98xlO*«kg^l<Jtf 

UK oiLS I3U . J 1 UL jjyJ fJ JSUI li* 56.5 g UilsSj 100 cm 3 1^> 3^1* *U ^ JM- ^ - 9 

V JSUI li» UttS U ; 231.3 g SjjjliJl ^ o ^ 1 J 51 - 11 
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__ (faun 4Juibyi j*ui 

52.2 t <iUS jx- Wijiifl Mil and 36.7 e 50.0 m» ^ I^Li- Ui o,jii,l. 10 . 
iiffll oiU «,Li. 60.0 cm> MWI JJ .Ul ji, ^ oj ^ ^ j ^ y M ^ 

f >>oJl IfUS y Li t 130.0 g ^|£J <ji£Jl 

? (10,5 x 103 k ^ m * UiJI m > A> 6^ I Uill o* v-i {Li J> L . $ 150,00/kg UUI ^ ^ ijj. n 
>!). >U .Ul 6 jj 2.0 m x 1.8 m x 30 cm UjU,! J*Lu< ^ ^ LIU L>^ ^. 12 

. ( ^UJI *IUI jUi 

8 - 3^1 

gy. J^bu ^ U . 1.58 mm Jji* JJl JlkL,lj 0.36 mm »Ja J^ } 3.2 m *)£ JL j 7.2 kg 4 j 3 sS jo jk _ 13 

t ilUl jjll 

XJI <JlkL-i jijJU L 0.56 mm *>i O-Sj 160 cm <J> «LJ| *, JL Xllks-l 24 kg ,jj J*> 14 

V Jax'I lit jjb ouo 

: 2200 kg its Jlto jjA' li* W J* £i, li|. 30 cm ,J* Mij 6.0 m wliy j. yljlJ j,*. 15 

V JkAkJI LUuojl jljJu U 

^ ^ ^ r" J J ‘ 4*/ 6 - *>* J** > 2.0 cm J>i JUwj 6 . 0 m JUi ^ J>4f l6 

■ <Lx* £,i J^JI pkL* Jj> jSi U . 6 X10 ' 5 m ,> j,u-,.., 

• ■>* 115111 sS* 99 - 9 J! 30 Km *-^> ^ jji\ ^UJl ^ LuJ i*pj\ jyjl jbL u. 17 

. (Jaij a>Ij al»jl j ixii* *_w£ll j*j>» I) 

V IfJS LttJl J^l ^ LUI y 99.8 J! 17 <IUI ^ *UI yifll LU LpUl SyJI p, U. 18 
,Lfc ^ ^ > 0 60 N <->& >j» o>J 4.0 cm uU J> ^ ^ ^_ 19 

V ^aJJI J 4 U 4 L 2.7 mm jlji« -k ■! < 

? ^Ui y 2 jIjaw *UI ,>» <i<p fk^o- yclJiV Lj^Jl iuUll J ij^l jljJU U _ 20 
■ * UmU ^ ^ • 1000kPaOjiJaiJyijrfLkk LUly 12 jIjIw j^lilkll 6* <Jli ^,c i.2i 

r pj ^35UI yaill ijil j>-JI LmJI 6^ 4.0 X 105 kPa J\y & jl^^i j|j |ji jji r <\. gg ■ 

, 1.0 cm i5u~> JJi 6 * 1 cm 9 jU ■_*->■'■ 

9-5 j 9-4 jU-nill 

U-Ji> Cm . 1^1 pjs ^ 3 * 1 * 3 5 />5l‘ <-• u . Ibjli 100 kPa jjL, j^l iujJi. 23 

? <ijp J>b 

• <1Ul y al ^ JL jfl Jaijl 6 # Lwjl 5 jL; ^IjJL, J51,. 24 
c 8.0 cm 6 y Jajj 1 <*Wi *\iai J* »yll jIjL U . ^1S*L iiU, LJ* jib CJOU Uljj JU» ji ^jUJ . 25 

. P„ = 100 kPa J ^1 ? ^»JJ iJUII jiyt if 

Jx-i V IjU 320 cm 2 Jl^> > 1 >Li j } P B — 100 kPa J ^ 1 V J^j ^ Js, ^ _ 2 6 

V 4l!j iyl\ tjf 

■ ^O* 1 ' 1"Iw-aJL uiiil oat 6 jIj ? 12 m 4if jpli ^ ilii LJ U- 27 
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( »jU 1I lUS-uliJl jj>I jiJI) £jUI 

¥ 27 ijLil J OjjSiil 5>*#)l jIUl ii-ll Li - 28 

100 kPa jj_*Jl JaiLdJL^ iuLill Ijjt yjli • 765 mm wUj^I |)#ij)l i* J#Sjll hJU> jbi* U - 29 

Ja_jiJJI ylS Ijjj .2.8 x 10 s Pa jljiu j>*JI isJuiiJI Jb ( yol ifLWL &L. ijyL ji iLoJl _ 30 ■ 
V .yjl fUujI Ui k Lii 1.2 x 10 s Pa jjL# jjUJl Sjj-Ul ^-Ai 
J*U»ytf lil(v) • 1025 kg/m 3 >*#11 *L yiSSjl ?JypJl ^ o»! 1600m ja^iUlUi 1.(1 )-31» 
¥ gUI ±* <aUS & JmJI 15a ‘HI oltf Ju> o>4 i*-J jl i oayLij ‘Utjy*#)l »U ****>JI iijjil 
^ ^ i>L-u U . 180 kPa l+JljlLj J *1*111 kki Jjl* o**e pj L#_L»J 1250 kg IjttS Sjl*- - 32 . 

. jjLuu Ja»JI i> o}b*»)l 1 -juju £|i **jl ¥ jijkll i-i-jj £♦ jU»] J5 
¥ (jljiJI L . 1.2 m jic 4i*J JH»i < i nV £>lj> pH j5r kAJ JjJa* - 33 ■ 
L. ; 850 kg/m 3 oyjll outf1ij. *UI b» 25 cm J& fin 12 cm L#£»-/ o*jJI i> J* 6y*i - 34 » 

¥ *U^JI ^15 jAp jJiUJ ^1531 kLAil y 

12 cm 3jJ J gl&jl JJ >j Ji» o*^i j 411 -- 9-15 JSJl# <1*115 U J>*Jl J&i J* i*»L>j <#*li - 35 
^jJJl ^ tUl ^liji yi Jj yyCjAJl J->i ji jLu (p = 870 kg/m 3 ) il*y J 

¥ ^u»j>Sl]I j^a£ Jf L , 5 cm jIjA*# 

¥ »L1I J y jji jL . y#p>Ji ±>i y u^>#JI i > 3.0cm »jjS ‘iljl* L##-» lili uA-JI ilLlI j jPjSil.36 

¥ jj>JI k*-jJl U t 74.6 cin J> J#ijl' i)** • 37 

^^iil . w^UI ijj-JI jJ 4i#anll c iySl Jt <HU jjL ^-#5)1# J£asJl oVT >>. 38 

ijill jIjL H . 36 cm o>3 ^1#S ^ >> 5yJl oij » 900 N iijL# 1.80 cm o>3 ^l#5 Js- >>ll ijill 

¥ <1&3 lSjIjsJI r>l)l ^ If; >3i jSlI 

Ijj ^LjSII ^ i flyl ■" ^1 SyJI jlji* L» % 0,76 cm 2 iLyJI cupO ji>il 5>J ^ l>La c*ilS 15]. 39 ■ 

, 18.6 kPa jlji*# ( 5 >*JI iAJJl j* ^ JiA-iJI ty, ^ j J5L- 
^jJLp l |U -•; p}Ul d^JUI jljJu U , 0.60 cm 2 uLti i>La ^l#5 jy Jib ‘Ul <> u*S . 40 

¥ UUI ^3 0.01 jljiw ‘111 lilli* ±r> w^ * # ^1#^)! 

¥ 76 cm JUjjU ji \jL ^ »LLI Jjt U . J>*)l J#ilJl - 13 C5H ljujjjl# yi jijis\ - 41 

cujll iyt Jp» L» . Lii 60 cmHg lijL* i j>#Jl y 4 TIiai . >5j ji - 42 ■ 

¥ 4k*# o,i LlJI Ik £#]«-* Jill ( 879 kg/m 3 ) 

j>*jlkAJl y>i LLtf n.,r'f jJp y-Ay 20 cm x 28cm ojLwI yUS Jfi Ji-i JJ ^1 kii# jl#. 43 
¥ vHSJl J! a5a i#k L 4 2.1 kg yliSJI ilJ5 ate lijj ¥ 100 kPa 
98 kPa J>*JI UiJl ji i»l ¥ 24 cm U>i»/ ^ >*J! ^ »y jl# . 44 ■ 

9-6 ^ 

^ CiS Ij^aju y>i# Loli a#1p »>^II jikll 3>i jlji-« L* . 2.0 cm <aLj J^Ij uJaII j* y*i« - 45 

V 864 kg/m J 
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( wUD AjSailSJI ) gJjJI j^iJi 

* (M4JI u (i) . 20 n U * lUl J CJS \jyi* 0 £ Lioi* 1.62 g oy»lkJl *M } . 2.40 g *M 

f ' ■UillS' U (y) 

lies oils UJ C^II bus J*,l. ooiy Os i>. ^ u. 5.39, ywi usj. 6.24 

. 6.4 g/cin 3 ^_aIi 

4-o*Uhll 4 J 3 SVI ^1$ Ijji. ‘til J I# \jyi 4 Uorf 2.241 g Ij^Lfell GbS) t 4.923 g ubS ^ . 48 
• *•& '•“ ^ W ‘ *»■ CiS 0 yL 
, 18 N UjIjL Ji-i J! Wj »y W* *1 y* ^1 j 3^ 480 N l+ljj iiy Jfc ^.49 

t oijil so* 

y till o>J s jJi i*j5Ul jyJI jIjL L . 800 kg/m :( tfiliSj 25 cm 3 u*> ^ .J\ ^o-^Ui ,> yJlj _ 50 
■^ mhU 

o;U J 4 *JI »j_* oU ^ibj jilli-Jl *U iiUSj 4 920 kg/m 3 42»US jil «L <> yuLJl Jl*jl ^-.52 
• J ^ 1 <> ‘HI ji- *=a? ^ ^1 uJl ^ U . l^fc 1.03 x 10 3 kg/m 3 

. »W ,y 3.0 cm OjJ J*- ^ u-k* 5 j4- <At c«Jj UoiPj ^4-^yl» l! 6mx4m *i>U *^.53 ■ 

, , ■ 1>M oj) ^ 

UUj *111 jL- jy 64 kg cK5l*jtt*« *1 ^ ( 810 kg/m 3 t^US ) ojL <> ylUl ^ yj ^ L - 54 ■ 

■ J*^ 1 I j* 

l»aBS -ikll o- bU c-J, Ijlj . 22 8 iljjl iy jj; (.Ijj, J, .uu |$j» ^is ^ . 55 . 

• y'j* 11 i/i •j 1 * 3 i j* *u* ^ Uli 2.1 cm 3 lyyo.j 905 kg/m :f 
3800 kg/m 3 WalSSu^l^^cok Ijji. 22g^1 iy j* 0 I>^ 4U, ^ ^ ^^L^.56. 
W J* £yfl- liL * ^i£Jl g|» ^ ji ojj *Ul J GUJ Sj^ ^ jij k>> 2.4 cm 3 1***^ 

ycijii 

jJ**i 240 cm 3 wj 600 kg/m 3 d\Z ;i J^^JI ^ Jlj ^ j(> . 57 , 

y ylUJI l* 2 aki p^Ul ^S'l uLi il^ L . »UI j jl£JL ylliJl 

o\j joi liu 2.4 y«Sll ujj ft liji, <l>b 3y>j ( 6 x 10 3 kg/m :< oillS ) & yd,. 58 ■ 

y s_«£ii jib *jj>yi o^mU v^oji Il_ji ^ uj k .hi y qj ^ 

9-7 faiJI 

^ b>3 cAj, u*o- LfJ> JiU Ijl iijKl v^i J JiL V U^| Jj^ ^ J,bu jL. 59 

*1 V ^ 1 j/ ji t>ijal y olJi 

3jj ji J* 1 ** lil: ■ jkiJl U^kij ^LjS ‘1 JjUl nil l^JJt o>J uix. »j#! cJjjiwI. 60 

y tirfU y^l Ja« 0 ^ 13! 3^1 j#» JmLaJi 

3oJl i-Li IjJ , 0.084 cm 2 UUj 0.24 mm ^iihJl U>»; 3.6 cm l^Jtb ji> ^ 5^! - «1 ■ 

0 30 n C ilf 5^1 J*> .HI yl*JI Jiu yk U . 6.4 N u-IA 11 jU 3^)11 

j+*)l jl W 1 J v^x) >v J! ^Af v 14 * (wijUi ji) »i«ull ® 


- 366 - 





( SjUU V&ftill ) j-UJI J-iJl 

W 1 j#-* Jji JWj f J< JiJ 0.3 mm J^ljji UjJ»3 JuOj 4.0 cm l*JjL iy\ piSi-i . 62 ■ 
Jxiu L» ( I ) : 10 mmHg j*hj1I j-*jj pjJl <jIS Ijjj. y^jll ply jy 1 m jlji«i pjl 
LlU yl**fl Jja* jlS li| . j-jjit ji ^jJI (> 1 liter yi>J pj5UI ^jll L, (y) ? ljff\ J>u pjl ylyji 
. 4 x 10' 3 Pa Jiluj 1050 kg/m 3 pjl oIj 5 ? itJUl si** 

1.40 x 10 4 Pa JjL«j Li yj t 105 mmHg Jlj> pill Lh-h 125/85 mmllg yoLxlSl j>l pj 1 mL» _ 63 1 
jL» j*L-j oj pjJl lx_L> j olio! ii 0.3 mm UjJki JLi) 4.0 cm IfJjk &> SjiJ ^ jiyil. iLy; 

f ll>lcHMl = 4 mPl plVlwl ? Oj^l Jy pjJl jjiL >_iy Jliu jL . Jawyll <UoiJl 
(’loti = 0.40 mPl) 0.04 mm owjll j» iuJ> yu* pJ ^k yi*. 3.0 cm Jjb JiiJl ydi y)B . 64 ■ 
? 0.3 m/a UjliL ityi ^Ul J& yJUJl i2J i»j5Ul jyjl ^ L 
«/Aa«j -j—j *Ll y'LL. Li jit 100 m J_SJ 60 kPa jjji Jj**j 20 v C jit <Jji 3jyL Jt fill luw jjjLil.. 65 ■ 

* 5j,_y.U I jLi LLi jliL L 3.0 liter/min 

9-0 j 9-8 uU-^ 1 

*UI jLS lili . Ljii ^ji, till <> jlrfi <i*t ^k *UI pSL jlji. £& & <#/ 5jy-L j* ‘Hi yj-^ - 66 

i>Lu oils' IjJ (y) v itJill ,> till ^ Itj-, jL (i) i y^Jl iLii & 10 m ^liijl Je. ^ <Jj*Jl j 

?1 min j Lfii UjjJl »Ul <**$ Li t 0.08 cm 2 oJJl 
4.2 m/s Oty* O.LS I in. 2.8 m/aioilll (JjaI jit »-Ul ity outSj i y*J^ll jj jLu ^LLj Jilj fill. ■!—'.. 67 
j_it 84 kPa DjIjuLi jLS Ijl U*ll Ikuull jit ImLsJI jIjL L» (t) 4.0 m jIjLj J^l jt giy j^»i ikii jit 
cl»iijl J_ifi iiLaJl Lilt yl**i')ll Jijyj »Q| ^IS IjJ y*|| iLiiil Jit luLill *A L (y) V jliJI ilsiill 
4ilLil LyJJi 1^». . >i.> tyLiJI sit J jtjijl ? 62 kPa jlUl 

, 3b0 m/s viykll ^k«Jl jjt ■Gty ^>^Si Lilt 300 m/s o»J *lyJI it_y Oyy 5jill> r li> pj_s _ 68 

V ^U>JJ jli>*Jlj jysLJI Uw nil Jji y Li 
? 5j5^ll iyJi ^iLs I# . 20 m 2 jjLj 68 ULil r li>Jl *>Ln oilS Ijl. 69 

j (') • 7.2 kPa o^v^l bit J«-»H u^j ‘ 3-0 cm UjLd LyiL J^o: 4.0 cm Ujti otil i^yii. 70 

* y bikyj^ j* jl-^l ‘Hi p^* (v) ? u* ji^* l«-2Jl ufit ywy'^l iS 1 

? «uJl ji ^Lilljyn U . 5m .Jjj £U3jl Jl ^Ui JJ CJ, ^jaJI jlLij uy > fill ^iiL. 71 
^jjVl tJsii i>l—a oilS Ijli . j-bjjSl 30 cm/s UjIjL ityi ( 1050 kg/m 3 -OiliS^ ) pJl yji. 72 ■ 
0-* ji£ J! t>l •**{) ? *"UI ji oLly^yaSll 4ai pjl jjji Jjai Li t 1.6 cm 2 

? oIjjaLJI sit ji pjl yji Icyj L , 2.0 x 10 3 cm 2 SJU^’jfl LyJsL <>U UyJl olj^ill 
Cii ' 7 L +t, 1 ji-j . i}^* jj ^Jylll lit yl >I IjJ. 18.0 cm jA*oII ly>-iyi ^liijij 1.8 m Lftliijl 5jly _ 73 ■ 

( ‘ 80 km/li itjljii <tjy <JaJ( jjLJl li%> 51SLxJ ^jyill ^ic flyJl Jyiu 
Jt—A! jjyli ^ J1L yLyil 5Jl> ^ N K - 2Qp/XT]r SjyJl ^It <i>liS jj ytj JJt ,jl OyJ . 74 ■ 

. r it li 






( IJUI! AoSybull ) ^LJI JjiJI 

. iV fl = 10 jl y tel? vM 1 Ui jl J#» *l*j)l J 3.6 mm l*jU »Ul j* IJa ki-j jl j£* a^* jL. 75 
N k - 3000 jl j£pI Ujkiu yL-u'il Uju; 1.0 cm Ljki <iyj l till jij; Ity . 76 

9-10 yJUl 

V ilUII oo* Jfi yku j^y-> jyl* o' ji Jbi-J 4.0 mm b^LS «-til j* SjkxJ yilyjl fejJI jljJu L. 77 

? Jiy 1 Ija ^ 5Ui j-Sy* jyii j*kL > 

? ^ ^ • 1-2 cm/s jjU *UI J l*ky- «L‘i I mm U^i lu-w o(j£J <*51*31 itjJi. 78 

>i wi-s c*c . 0 05 mm/s ly*y jl j*y *1^1 y ( 850 kg/nv* <atiS ) c^ll j, »>J okL . 79 
>?»„ = 0-019 mPl *lj*Jl 4>jjJj 1.29 kg/m 3 ti^Jl iiLtf ji cult lj] Sjkill 
; 5j_SJI SjJjll j-iDl iy (i) . 30"C Cj\j> c*.jj *L ^i 0.4 mm L^ki JLk fjpity j»5jSkLu.80 

. ji*L yL-i'il jl uajlil . 5jSlU <*51*31 Itj Jl (i_i) 

1:2:3 UjlkSi jjj <**3lj 3 jUI ^ jj lyu*> <tyL«ll oywJl oIjSlII j«k*l> y^y c/Lm j,u L_Jl j>y. 81 
Ch ij^ll »i* Ojj_> 0.6 cm L^Li JLk i^ijyo J ( p*840 kg/m 3 tiiltf ) y^kll j* <*ki cJii.82 ■ 
‘Liii ojSD <*il*ill <ty2\ l*j 1* i y^l jl y iyu ^LJI Jl fUlj'Kl j oLi »j^ j J**p £-»y 

? jj» » yub v^i <A f ^ 

ijiLij JjLw 

A- 0 “ L -“ Jj 1 — 3 1*+-* Ji jrf-o'y* jan-un j*»y j*j 3.2 mm l*SL- klkll j* <**_p ciJ. 83 ■■ 
L»yi oyb j*jLkU j*»L>0l j-i j#>yil xlj klkll Jj. ^ jL^-I j^k , 10.0 cm x 10.0 cm »jJj ooyill 
' 1-20 MPa klkll jai JjUj jl^ Ijj ^*^li JJ cu*iJ0 j> 1 <>ljj j'jij li 45 N 
JllukKl jli Ijj . 2.0 mm 2 Sj-Li Jl-«J vJLJl j* dL ^laiOwU ^ J* 10 kg ul£ ^Jli oi^.. 84 ■■ 

. 0.50 GrPa > ilii iH cj Lajliu S uJUII If j -t A S j jl j5i^ <i>vt jjuSI jA Li . . 

vU j-Sj* jli j^i-Jl J! ijM 1 ULUj I _*JI y cuij I Sji£ jy j* iili* ijl^ Oku . 85 ■■ 
O-* C&i j1* v^ 1 yl* Jpl~JI 1^ yy. jl <-y*i ^ill iyll j* L . »UI c*>0 3.6 m jjji Ja jSUl 

. 0.9 m 2 Jl^> yUl UL* ? oo3 

I 4 cm »jlrf l^a) yk* ^L£ Ja Wj ay 1J-J J ky^ll O^jl ol^LJl ^ . 86 ■■ 

jjp kLi ui L , 20 cm #jl»j uLk j>T J* 12,000 N lyjj ijUw ^ j JuJl lj* 

9 jjl^JI ^pUl yjL^i\ y-LSJl 

j - * •Jy** jij • <*SLu£)i cj^Uliili liy ^ kajji Liljl ^Llj y*>^l* - 87 ■■ 

L 74.82 cmHg y*»jUl o«ly cuts LjJ* 2.83 cm jljju/ oyJL J-iull fiyji jly_a y Ja\ ti^Ji Js. 

? o'iUUuJI *jjA J>Ij LLall yj 

Jy-^ jij 4 ^iW oljLii-^J *jjB J>lj LoJl yrfLil ( 864 kg/m 3 o^il iili^ ) jkij >Lyl» - 88 ■■ 
a*i^J cJtf Ijli. 11.6 cm jiji*; <iyJV J-aill ^ill ji sly-u j* jki *l^Jl JLc ^yill ^iJI j o^!l ^k-* 

V oyJl J>Ij1m^JI <jlJ L . 74.23 cmHg y*jj\ji\ 




( wUU 4&IUI ^1) pW >UI 


Juie r 2 » r, ijjJas 1—L n .i ylSJ t JJ 9-1^ JfLiJL ^-o^il ^yljll ^U»i Jib »UI yLy ( I) - 89 ■ 
P 2 /’i iuLiJI jjj <jl)3 b 4 1 <JsJuJI .up 30 cm/s »UI itj* jlji* yl5 Ijli. yyJ>Jl 2 j 1 yAifcii)l 

. y^Ull »^l J yin'll ft b] UUI ft (y) t 0^ 


t • 

0.3 m | 

lJ 


9-l f Jii 


. fj p calls J1L Jyi v Cull 6 UJsi uu» ^^ulSfl y« ft ^ ^ jJj ^ij >ilL pjilJ - 90 ■■ 

. JJI j j4ll 

ojii ^Li3jl JJ »L1I Jrf>j ^1 JJ <UyJI cy>j Ujltj c 0,02 mVs sjjj Jjaw ^llu ft ft ,> *-lH jlly - 91 ■■ 

■ j^ 6 ’ J! 4— *j <-**y jilW J»j Jjl> Liiii jy jiii £^>j ji jlS ^j>JI yl y-i/J . 32 m 

iiSL If; iaii^ ft <UyJl ft jilbll J>J Ifj yy> yi yao ^iJl cil^l mJ< ti-o 

jfUUjI y£J jjjJl yi X->j jU* *U} ft y*JU jlfi L»Ji ^U) U sjj> Jli ft JJ>S ji*yb floilJ aip - 92 ■■ 
yi x+) l«S . jUJL 'SLsi* 2 Jykl'j OjaJI ft 1>^uu 1 jybJl yl£ bole A, - h 2 - 80 cm p 
ftL jUD jJkll JaJwJlj y-Lill kii Jjlij &* J£ iui L 740 IMD Uyjj »*lji ft\ O^aJI y-i j ft Ifuij 

v si oix>yij 

y-^SJl ft Uj ; ^ySJl yj^l y U t 40 m l*Jsi ft jSLi ^ie ryy *jji fti y**S ^ batf - 93 ■ 
UjJ yi XjJ\ Ijjj ? Sjlj-xll iyyjj LaJI Jja» alp <aJj ajJ^Jl jjjl I ob^lajlj JjiyJlj 

? liij jlii ^i ij jjf U^J yty Jf3 «lUJ ,> yfSi Ijjj y^ljl 





LiSU US I jUJl kii jU J*iai)l jj Lij/C 

J| jS'l I 4_>y . ■uL-oJl oljLill y*\)> jJuu 

. »jl^*Jl i_>jJ jjtf jUJl Ja-Ui jL*lPlj SjljpJI O-jJ pifU 
J-'l-'i jiLjj#* Ji-£ ^}* iHi J* i$U 

. OlUj> ji jUJl oljj <5j> Oil, 3jlj>JI <>jjJ 

•^JjIlu O^UJl ib_A j_lf p.li.i _jll ^_jL|V>jl ^uJl 

o^L/llL ijl_^»Jl i_>jj LajIUj "ijl ij_jaJ. oljUU iSj*JI 

. ol jXtyyM V* Luaio Jaii^ll ij^lil 



Sjljilt iAji 


6jl_pJ! 4>jJ oly^yJI 10-1 


jj ...itI o_^LiSl jLujSi jj &i>L l J^Sl JjJI lijSj US . jjlj^JI o-jj 

J—«*iJ< 5jl^>JI i>jJ pjUl JujXJl jlw ji Uli i> , ‘l^l 

jjLii» 4_>jJ jl Lift ILL-Jl J*jL jl I iiStj 4_ili i ylt- jjliJ'' 

jJU a_ma^ jUJl JxjUj jl jit j-JJlj . ji * )J iji " J* * * 

ji ijUai j« ^iSi <i>LJl ft^U-Jl c/ljll»] ji -Lii jl «j> jjlj>JI 
. j^1o ju.it jj_L Li;U> j_U j_ip ijlyJI cj-jj jli iUjS . ojjl^Jl olj^l 
ji bLu, U»o jU jl<l>l ji #jlj> i>jjJ iiiSjJl oLUill jit .uiaj j*jj 
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(oljUU aSj>JI 5jljjsJI ) y>L)l Jn0wJ) 


j^jUU jj oJaJI j>JI oj-jj £• i_i-.Uu Ly LiSL* i^yi jl iiil y ‘Li 
#1_* . ol jLty yJLi ijlj-xll J_>jj ^Li) Laxi-ll y -“j . wr LlLJl 

LLkII OjljjJI l>j.' jAwlii tub L^j^bu jS *.; 1*5 c <tyjj j oyli j^l 


< jli j' 1jl>»jSl >Hi ji 
O^J . ijljaJl 1*jJ yfc 0«i 

Oljit> 4 ji> (> £l jj toli *jjH 
(2) i Ji—J J J J—kJ ilxi* (1) 
j jifcj jjjSt ji *Lij Aifc A^Vlii >j 
. ( tfjj—1 gljJjfl) LjJ ^ 

4—^ LjLUI jLuCI (3) 



jlf_>JI 11* , Ijlioilj “)L*iw! olyjyJl l\y\ yS I 10-1 JSLill Jlu 

J5LJ Jmj Li-wj Lfj^b o*l J-9x> Li** 4x*l*j IjH (> LLl 

jji SjkxJl i>^J Ibjj JJ*U JjI^-JI tl ji viu>) . J^5!l jl Jiiyi5 

) . *jlj-x)l <L*y ^LiSjL Oj— 1 ^J^l J* JiLII lijlxi 

. ( JlLJl j_» lj,J& J-ji C^jJu j-5)j 4 5jlj->JI Ij-jJ Lip Lx.1 

: <1^1 iL^kJL pLi! J] oL^jy y»yy\\ f-Jyj 
\Sy-M* JJu; j/lll lUili, jLiiii yUj*yJi y* 

Jt <lil. ^JUl j* Jsul> ijl^> ±>y ji y*yfi I jjl L1 p 1^*11 bob'll JS JiUI 
. 10-1 JSLill y jl*>oJI liji-a y llj 4 iij>ll J**-*! 1 aL ylj3*ll i)L> 
Lj1> Lja-JI OjwSl y JiLJl t-L- jli illill <LUI Li 

y Hi ‘ ( ^-UJI ^^*11 ilsJI 0*3 ) ‘Ul jl^lP iJsJu y jfij 

. j^iii y o^i 

S.L»lll oL^iyL LujJi oLpJl y LJ'i jLiHil ( jl>yjl)l ji) yLLill 
^jJI Li . o&jyti) ^y. '^ LLl L* Sjl^l IL*jj ^LiJ 

yuJI ‘Li! j-i* 1 ) xkii *-oj lli ( 1742 ywi <>jUl 

^L* jjl lb>'>L x_» 100°C jIp uLLJl cJuii ( ojJ-i <->;■)) 0®C Ip 
yiikJuJl |>^ i>j-j j-»j . j-<Lil* L*lJI jIp jL-il_ii jlj*UjJI 
jJj j j*_!Jl ^*LiLlL LiL>i ^Ull 11 i y-y li+Jj i 1>;J <iL i>*iA>yi 
ji k Ojiii j^xuLiii j>yii o' yu^ 1 y^y^ 3 ^ 

4 jyJI ijl^> Ipjj Jll 100 U F ylj JUi ‘111 juao >L 0°F J yjc I 
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( oljUU iSijjlaij DjIyJI i>jJ ) jiWI 



^-JLL ji iu>%!j . 98.8’F 6j -SuJI f—*JI 5jl>> ji CjU*Hj 

. yui/Jl ^ 212°F J 32°F La *1*11II* ^ ^iill *UI jUij 
j-» uS^-ll ^hLu i<jeL— <L*jJ 100 ) 1-uMfJ^j 180 jl3 Ufij 
yj-j^jjJl () jlAL jh OlUII u}i ^ ‘ 

Jlaj iiLv^Ji ji JLx^f. 1 ®F = 100 / 180 = 5/9 °C 

<Lju 5‘lji “C j °F jlL^ll Jvu Ll« t oUjj j< Luu jst 

yi ^Li* ft k jlUl jjbill ji jilS ^U» p »/>*Jl AJUJl *1# 
^Luil Ijjk ^ 5jl^>Jl ix^J Sa^j . ^*Lll JUvjJI ^ LL! j*!*t *i**i 

i_>jj ji La Ji->'5L) . (K) jJLlS L— L/ill 5j->yi SI pUull j 

a>Ij j\jhf i>jJ cjjiii Ijli 1 jilSj *jjjL# J* jL»i* SaxIjJI 

ji jflR, j.) . 1°C jljLi L>J ^ Ii* j|i { jilS 4jJ JUi 'i) j«lS 
. ^1 J» 373.15 K j 273.15 K La *U1I la Js »UI jbUj a*i ^ 

. L*lJ Luk Lai lj LLL jilS *L*m j£*j lill L* J/ Jj-j *aj 
1 ^L>Ji %iiiyi j i^jL jju fj ftjljaJl i>jj *j*lil oU^/ill oa 

C Jj 3oUb/jJl jlu>l jli -illj £*j . 10-12 p-JUl j t\y vJ y L laj 
j^ ji ll£u; . iJLoSl oU^iL) Ui> CLi j> L»S *«U1' «a J& 
ijljoJI 7 * c i^JL-Jl »jljaJi <*jJ j# ^1** J* 10-1 Ji-J' 

; T ( LkISJI) tilbll 

T*T C +273.15 

ji* oli i yliSJl 11* jj cP “ j* 

: jjlljLII |»laCu(b ^Ull JLc 3jl/>Jl i^jJ oM^ 
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(otjUD frfjtoj SjljjJI l>jj ) yWI J*ill 


T c -(T, -82X5/9) 

T » 273.15 + ((T F - 32){5/9) 

u!-i <iLlj g) . L*j*)l U?4> y y%, jia, oiy^l J*oui ^ * 

i ^ jkj*jSll £' AI 0^1 (j** *J li^j lf> bdjuj LuLi LuL^j Ujj(j 

»jb-> <—*j J <j*-* i/*- 4 »*lji Jj J>m u *jl» p-» £» ^4> <Jl> 
. ^1 |M U*J>I Jjlj> jljj) *Jl» y jUytjill) p*>JI jl JjjIp JlLj . ^.iaJi 
vi>- L»jJ <ij J-i-l’f—> £* Ul* y lj* Ijjj 

J! j 4 *^ ^ J««j 0* Jj j*«-**JI tl>jJ jjjLu 

Jiu3 SjIyJl ji <)Ull oi» y JUij I LL-. lj\j> U^j jjtf Jj!^> j|jj| 
‘ u Ljl** Jpii* aj* , jiS^I ^fj| JJ Ly_ ^aJI ,> 
, LlfJI 4jj>jJl J*Lu! 

La»*> d/Uw UU • i tf*--* ) 5jl^>Jl <>jj y*L ijL u 1 

- *y-i jl jl ; j* f ji^l £. l*AjJ |U4* i)(> yi jL**Jl 

C)ljjl LIU yj (>_^jl ji JJi yj*. . jl ji Sjly> l» ; J jltt jjj 

J ujti ijlyJI L>y y 5^Lull UuVi ji f L^Sl , . U*A* ^ jjly> 

0>WI j ya iii>| y Owiljl! SjL*J| j jp . yiwjJl U^iuu £« Jjlj» jljil 4J1> 

: L^l oj^JI y -tills j£« jjJl A^jIyJI li^LyaU JjiuJl 

viJU vijl^-> jljil SJU y 3j> yip J5 djlj^yi jl jUUsUI 
. ji.^11 ^ UajaI jjlyA iljjl yU y yCjL 

£-* vijt** u'jJ' <ll> y pl-^^l *yl j> CiUyj ^jLuJ i uiPj 

. y**)i 


yip . «>*ll jj* Jl* . L^J^ylll JJAJ 
uM 'a—S*j. f#jS l ^ yt£Ul 
i^.1 4 1> ^ 6* a»lil Jj*J 

. £>J IM ,> *>* Cxuk? 






( oljlxU <5_pJI ijjajj Ojly*JI J*iJI 


jjjt>yi JOtj J^ll 10-2 

>dJ «. UiliSj Oj\j> p jUJI ioLi a*i\ JUII p-i)l ji yiilib, 
|t_U jj SjLc ifjJj jJl obJkall jmu pljLfciJ J Uty i-jUJ) 
y'ill yiuLU t JLJ ijjJU oLaJkall »i» bp J*i>JI i> Ij&J ‘1**$' 

Ljiii'oj J} ojjjl jAU 

XJ } . N A jjjb-jii JJJU 12 g Uyi M j by.p olji J0C 

fjAO-y i o^fll > 12 g Ji] 3jj 6.02214 x 10^ jm)I lb o' Hph ^ 

: (mol) Jjll p*l> iij^l i-iJl p) t jjL i$i ^niJ y*l£ J^O ji jj*II li* 

. oLi#-j*JI o* N A «jJ» w* J* will <**S y» will 0< JjU 

t JliLj J^udoj ijJ 6.022 x 10“ o * up JjM-fll cjIJ> o* a>IJI Jjll . V1 *j 

jjji oji tiji uij *ui oOyj^ b* n a ojj5 m ^ *ui o* i>iyi jy> ju** 

; old t'.Xf; Jjw U LapJjj olLiJ 1 J-mI yot^u bSJj \ ob5JU L'aO yj 
ji* = N A = 6.02214 x 10“ particles per mole 

4 Jj_« jJLdJl 5 jUI sa>jj plj* jl^SJI y SI ^UajJl y <idll ix>j ji AAJ 
: o! ti' • ililill N a Jjui-J sjy Luli 
N a = 6.02214 x 10“ particles / mole 

i-jjjJI <UlSJI liAj Jjll^ o^o* 0o* O j-^I*-^ J* o' W f*l' 0* 

: Jlf jj^ UfjJdl j4^ iJy-j ‘ ‘Ulillj 

sjULi Ch a>ljll jJjSJl ass ^ U wU yo M ( AijjJI ji) <P.p M 

. oUj» y-iJL 

Oij 4 lilydl o-* iV^ J* J^/lU lijs jjW 12 Ojfj^' 0* 12 g O' Ap" • ^ 
M (J yli dJiij 4 kJL Af * 12 kg/kmol oJl <Jii ^ l2C 0* 1 kmol 
M«32kg/kmol <■. 0i>jj->i+d M -1 kg/kmol ; y J^l 
pi M =28 kg/kmol * (ftO) *UU M = 18 kgtoiol t ((h) o^' P 
, 2 j 1 OjuUiil j j^lLJI itjjuiJl M pi o' 'j» • O^i^' 

10-1 j>+i )3 Jli» 

, »o>lj y-bo <ijj iltf a>ji . 63.5 kg/koml y.b0U ^ill ibSJl 


. carbon-12 ^!i o* 12 x J ♦ 






( oljUl) 5i^Jl o jlj*JI 4*jj) jiUJI j*iJI 

^L>JI j_. 63.5 kg jji i M - 63.5 kg/kmol jl L, t JYja«l 
; jM iji>lj Jjj il*S jli liiljjJl j* 6.022 x 10“ 


3jj J2 tt5Jl 


63.5 kg 

6.022xlO 26 atoms 


= l.OSxlO -25 kg/atom 


jl M ijUjUaj (jj> jl ijj (jl <|j5 ibjUl Jit jJu ji»y 
: jjl t l 

MjnvBSHu JL 

"a 

. 5.31 XlO" : ijl>VI. Oj j j >«-S^|t djj ^ <ii5 jl>jI ; Jjjti 
rlO-lJU* 

P = 13,600 kg/m a jl 0k JiUI jjjll J jj{j i ^ o>.i 

. j^wjl! M = 201 kg/ktnol , 

: JVjlal 

V JiUl jJjll J oLiJl gjyu $au Up <iU»oJ J>*4 (jjJI ^jiJl y L : Jl}-, 
* < t*4^U »» oljjJI jl jajiu jl l ltt ti t jJjll j* Uui viu> : Ll>)N 
r^ 1 j* L-Jl jU.6 oL> j£w 3jj J5J f*>JI jli lii#j ^iuJl l^iuy 

UyJl »j* oljjdl J£)l JjJI« u iiuJ JSil 
? l+J olL>Jl .l^j jSUll <J^I J» L : Jl}-, 
joc jU JjivJ Ip I ^U> LliS jl>I^I Jm *1a!I lit <Uc kju-ll ; <LI>VI 

oljill j.lV, 

V1 kmol jl**j jSU; ; Jl}w 
jj_p ujL-> j_iij okj 4 j_wjU Af L*iij j-^ijJI oliS pJ jii j->J : ol>Vl 
: jl . jjljJl jj Jj« jL5 J5J uaSLII oljUJll 

^ _ M (kg/kmol) 
kmol p(kg/m 3 > 

?3a>iyi ijjJI ±*y Jl6 : Jl}-, 
Jj* J-i JSJ ^>oJl ^ Vir" ^vJjL" 3 j>I Jl ijjJI . <Ll>VI 

: LjoJI (jA-j-JL lAJitUlljJjJi 

l^ 1 _ 201 kg/kmol 

kmol 1-36 x 10 4 kg/m 3 

= 1.48 x 10 ' 2 m :, /kmol 


- 376 - 










(oljUU <LS j >Jl kjjiij o ) jiUl J*i)l 


: 631 

f** 11 1.48x10 ^ kg/kmol 

5jj 6.022 x 1U 26 atoms/kmol 

■ 2.46 x 10" 29 m :, /atom 


jj 3Jill ^jiioui Jty> ^xxll li* jm Jam jSJj 

. jjj . V - ^-?tr 3 . ijy*i\ JU <U*JI «ja , 3 J JS J»j JL«j ol*> 
r . | 3xB.45xlO~ a j 1 ' 3 .^g xl0 ,o m 

jjl>! J»j liSjij . 3.6 x 10 10 ji i Lui)l ojj» Juui SjjJl jli £*klljj 
j-JJI jj 3jj j^jL o_jlj IjJ <11 ^1 , U 0.36 tin l5j^ oljill Jail 
I ]m 3 0.36 mm <dyj I U» Jill* L^jli p li-a k» jJ >-ii> JJ 1 jL> 


Jlill jUII jyis 10-3 


i-ijfc JJIjS’l yjuy ^ul 4 *aI*5 3jJ»JI <>jj UajJj f+ii 

II* CUj>i . 5j J*Jl i>jj V» jUll lU j*L> <JJ 

4-lSi Vj I >‘H }JJ> uyy4 <—l^UsJI Jlj l»J C yjJ Jj Jlxjl 

Ij* Jil < k i~<j oJ a ju 5j*^ao 10-2 JSLill \ J1*jj . ji 

yjJI Ov-U Ju£ 5jJ>Jl 1 >jJ ^3 <J!ji jUJI k*-i? j-lo li*j . jijUl 
OjjilS oL u> lt jAi o*—' LiliJ tlk Jl* Jlii JaIw jIe * 

. 10-3 JSJll* 


alj Uls AjjUjI uU-UiJl Jbjj 

T |ju. JLJ fJLy. »4i Jpi Jl 
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(oljUJJ 0jl>>JI i> jj ) y,UJ| j^jui 




: 10-2 Ji»i 

jit i>jaJ i*>> u*4*J Vv M 

• Cij^ lie jbU 


J-Lill Ui JjJj.) jJLU AoiJI ^ 4k» « 5 U JL* ji JSAII j, ^ 
dj^i >Lil Uliill <^_Ji tyjjl jl ^ * ijl^JI ( p fl jilj 
o^U J-Kj o'SlbJl | jsb jUU life. 

j-f IXJAJ jlill j£j uifcjiu i f*»JI OjJ lii LwJlj Jjl^JI ^ 

kj> Kjj\j> L*.^ 5JUS 3 U ^ ^Li ^ ol^Jl y^j|| 

. $;^l Jflb ^ ^LJI ^yi rj j| 10-4 JSLill Jmj j, lie <LLi 

oiUlt, j_jb * jiKi * owi ^ ij '^' ^ t^r ^ 1 : w* W* ^ W li»j 

0><—i) ^ £*5 iit »j(jkj) 4 ;J <iL ! 1> j^ 1 UU» 7**- Ilk v jiiji 

• ^ /^jJI yi • -273.15 n C ^ Jic ku^Ajuoll JbjkSJI ^ 

: Ji US' ^ jJLU! yjiu^aJI ^iUJi jL* 

( V o r * ok ) P = (constantXr, + 273.15 C 4 ) 

(P <jyi ju* ) V - (constant)^ + 273.15 C°) 

. jiu jU J\ j* ^ j&ui oUjUIi <ili jiii dyji j u jSji 0 i 

^ = -273.15°C Ujk jiJI Jl J-i V ji /»jl jJjUll j*U j, *>%) 
^ Ll ^ S) * >4 -Hij Ujup ^ jjji u^ai iji^i itjj 

j^i ^sij. lo-i ,^ji j A ui tyjftii Ujj ^ 
Ji*®) ^ ^ ^ V-J4 /• Jlixll jLJ! j, 

7fC) J>i-j 0l* ^j (Uj . ^ oi» J* ^Ici 5jl_p- oLfjj jic iliUl 4 IUJI J| 

^ Jj - L ^ ‘ u 01 ^ ^ ^ J c»j< ^ m yw> 

' (JjU-l jj)—!) P lie. iJj*) . Uii Jbl JmAm 

' ^ ^ ^ ^ v )'Pjx*) T O^* lU oi yjbkjjl <> ILL ^ I>ij 

: I^l UjUiUldliliJLPKyyJi 
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( aljlfcU j>JI ■Ojlwj hfjJ) ^iUI J-ai)l 


PV - (conutant) (jUJI ) { T t + 273.15 C°) 

. ^JjIaII £1 Jili iJjUll JO* &\ dJl) joJ3 O' Ol&y 
: O^aJV J ^ 1 n J j^ 1 ^ 

n = ¥ 

UjUu J 0*11)1 bi. jUD Lb>Ji jl ilsiil M < jUll ii** *& m c*> 

lx* . LlUc <i*ii ^jju J **^1 ■*>! a* PV 

iLLJl j^jJI ^4> JbxUbj <J yji) oljUJI cub jM-Lt oAJ' 

: J* Jjl>0 PV i)jl« J 

PV » nRT (10-1) 

. T = T f + 273.15 C 4 : WA\ ijlI^JI i* ; J ^ T Cu> 
gylilt lju» gM jilt o\p\ 4 J151' ;WI O^ilj li^LJI iiiUJl 
cOl* Lilt jLiil jy-jl lju> J-i oljUJl pj> ji jij . iJlill 
jjj Ii* . iliUl ilUJl J1 jUJi J& 4 jjWI0* 

: y SI olj>yb R i»J jl ijjSJll bb*Jt oLl^l *iLii 
R = 8314 J/kmol.K = 8.314 J/mol.K 

DjUil ji j^Sl ^b*£JI olj>j £* 1U« R ^b>j J O' 

(10-1) 

JOltjUJI^li^l 10-4 
•auk; $\ ^4 J^l' jWi ojili J J* ^j* 3 ^ ■** 

Ltjj jujjCJI tbiil! iUI y jyUJl 'j> JU*5—>1 Jlf . JiLJl wili** jj 
i_l i> jpj yi yuj* T 5jlj-jJI 5^>ji . IbOiiJi oL-ill o!j_>* >kii 
( N/m‘ ji) JlSu-UL />iuUJi y-UL SI olA>yi f l^ . W ol>jJb 
pji)l jj_>| R j^5l» ilUII »i* J* . (m 3 ) v*ill jtu^b p**Jl y«lLj 
^JLf£Ji y (mol) otyL n bj L» ^ t 10-3 j 31UI 

. (kmol) 


: 10-2 

. 0.000 C 4 3 1.01325 x 105 p a u* ^1 *>;J* j-bill iS^I l^ 1 

aJUc, Jill f.**)! x>ji, ( jJdl IL» j-i b 1 ^' ) 

, T b>ji) PImjJJ yuU & Jib jU (> 1.000 kilomole 
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(oljUJU 43^*11 ) _pWI J^uLlI 


<i^U 


JfJpliU , 


PiViT.n 


.*akujvoiwi 

v ^1 o j^s jjJI ^lSi lijJI j» b : Jlj* 

j* £ijl olui ^ L^i Jllll jl*)l j^l* : <ul»]lfl 


. oiUl 4jAD Jllll jUII <JjU« J> j i»i oli*SJi jj» jj 
V Jllll jLnJl jy\i IjiiJ—ill j^»Jl JJ oUluil ^»^jj .JuS ; Jl^j 

Sji^> 5*jJ Jj Wy* ^ JiJj t 7’ c * 0.000 C n ji oUmII 
P = 1000 atm = 1.013 x 105 Pa $ Jl. T = 273.15 + fi = 273.15 K»i*il3 

n = 1.000 kinol j 

: V JJ v-Dl^ l^> Jllll jWl jy\i J> 

V- n RT 

P 

: jjLjj ( oji** ^'ijl iujll) V Jjl jjk! oU»*ll jt* 
V = (1.000 kmolXSSU J/kmol.KX273.15 K)/(1.013 x 105 p a) 

= 22.42 m :, /kmol 

. n-Jj ji- tuSJl oifc lii»j 

Jel^oII Jjum xlt 22,4 m 3 »jii !,,«>. > . Jll« jU ji j* o>iyi ^aIUi 

iji^ii }*# 


: 10-3 JU* 

kj^> *l_ 0 j (M = 28.0 kg/kinol) jli ,> 14.0 mg IjJ 

¥ *Uyi ^3 jUII Li * 27.0 U C j it- 5.00 x 10 3 cm 3 

■ jyjlLuiI 

! P JJ L-JL Jllll 3 UJI jy\i J*l Lil£JI oLUl ILJ > : Jl> 
UyjJ (jjl t ni/3/ = n jl *l4>j . T 1 ,, i V « m < M UjS UujJ ; <ul>Vl 
. ■Jj'il oL>5kll ji L^Lu oLij 

p si r iy 1 j i+js «Um« oij^yi > ; Ji>- 

jJoS JJ m <u*i* jlui Jl V P JJ T e ^ ■' 

. oUl* 

: iuj-Ji jJLc 4julii l_4>j P JJ <j_uJL Jllll jIaJI jv^ J>J 1 4j>ji 

n i nRT _ m RT 
V ~M V 
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(oljUU iS^>JI iijiwj 5jl) ^UJI J*i)l 


. j^SJ SI oto>yi^ o^Uil oLulli 
T = 27.0 + 273 = 300 K in = 14.0 x 14‘« kg V * 5.00 x 10" 3 rtf' 

: 

F _ ( 14.0x10 6 kgH8314J/kmol.K )(300K) 
(28.0kgkmolK5.00 xl0- 3 m s ) 

- 249 N/m 2 = 249 Pa 


: 10-4 JO. 

j_U 50.0 cm :i jjjj y ‘ijfJ 1 <1^5 JLUi jUJl jylS 
Nj jjCkjjjUjJl ju tl^Jl j^_Sjy , 20°C Ujji 5jl^> 700 torr Sjoi L-i 

. 20 % j 80 % Ujji <myj <JlS <f-Jv ^2 


i jjSln’u* jVjUtJ 

? P i V i T c LmLuj m Li jL>w[ i£jj J* • Jljw 
>. j.j*j m jSJj i n wi ^1 p Jyo>JJ i yS^ o^Wl <> LjJ U : i/L>V' 

, A/ UiSJl CJ ^ o' 
V M jL>j] jLu ^j| i_iui c UUl jai > i..i> jj LJ> ‘U$JI : Jlj»» 
M (Nj) = 28 kg/kmol: ji 10-2 ^Sll ^ ^ ; oL>VI 
; ijji. JaJiJijj Oij^l o* 4*-Ull Lul ^Ul US . M (0 2 ) = 32 kg/kmol j 

M (air) = (0.80X28 kg/kmol) + (0.20X32 kg/kmol) 

- 29 kg/koml 

? SI olj>y^ ol^SJi l# U ; Jl>- 
: Utfl 

T-273+ 20-293 K 

P a (1.103 X 10 5 Pa/atm){700 torr)(760 torr/atm) 

= 9.33 x 10« Pa 
V* 50.0x10* m3 

S J3 —Ji m JLUI jUll j^u LjUS c_S* < IwJUIIjJfcH 

; m Jl L-Jl <1 jU1i ol» . PV = (mlM)RT 


m * 


PVM 

RT 


a (9.33 x 10 4 Pa)(50.0 x 10'° m 3 ) 


(29 kg/kmol) _ 

(8314 J/kntol K)(293 K) 


= 5.5 x10 s kg 








( oljUU iLjliij i jl^>J! ) jiUJI J^aiJI 


: 10-5 JCU 

y dlj Jy ^ 20°C U,jj i>jj & ( »i^ji j* ^) £,l» cwj Jmj jlci 
h» L-* ‘ 10 atm iuLAll jlS Ijli. 60°C J\ c)y» i>jj o^jli ^»JI 
• i>jJ J# |*» ji ^>1 ? J^l jj ^ILUll 


i JVjuJ 

jUJl j^Li iijjJ» JuJ_j>,VjnjjJ$lJflA;'llj»J : Jlj* 

c 1 ^L*£j| jjjU Jj <xJL i>lj^ <J> Jttii 

L»jj jt&i jS jlili V j n ji pJ*j j^Jj i pu <jl>yi 

11# *I^JI Lu 'll JJU3I $ cvU n ji Li' . i,l^*JI 

■ J-j oLm£II j xj Ll—5 tjya j JIAll jUJl jyfi ^LSiJ j, UJ^ 

, V-JI j»li*j L» J n . V . R j* JS jLui>! jS^ jjjup 
V <U~uJ) )1» jySj • Jljw 

4_i)lj^Hl <JL>vU 5 J-I i j xjy Jtiil jUJl jyli yuSb : i/l^Vl 

HjjLfJl 5JL>jJ iu_J1j 

PiV*nRT 2 i P x V=nRT { 


: Lfli *kyJl <xxu)l Je. J^sx; ulLUl Ji jji\ iljl«ll uJLy 

5 JI 

*. t 2 


? SI oU»yU lull ojj» JS jj£ ji Ja : Jlj* 
j^ l-^-* • j*& ckI)* 4 J* “Lull T Sjl^l ol>jj jj5j ji LjO yL>^ : 4 jL^||I 
L.i <j_JI jj ^aiic V dJjJj i jjjfi ij^ju T f ) T t j* JI JmS^S T 
oI-l*) jL> v—JI J Lfl« jjjju)\ jiij (T ■, V i, n ) (jj>Kl oL#£Jl ^j*> 
ji ji J^bll yiXj j£Jj . IlJI J y)3>3 Jyj yjiJb Jj^aall CriUbu jS by 

vilfjlj iulaL'ill jjlJUJl J oL>yi Hi jjjij oia 

• Pj - 20 + 273 - 293 K jl j«x» <JL>JI ol_Juu jj i5Li3U*)tjJ>Ji 
: ji!, P, = 1.0 atm ji C^i^j . T t - 60 + 273 » 333 K 


P - P — 
** v 'r y 


(1.0atm)(333 K) , , t 
293 K =1Jatm 


, oiyi J yt) 4ilj>j jLu T c ^lixLil ji 


: 10-6 JU. 

fyi. j-* 'ii'jle— 1 jU»l j-i 190 kPa IfUj 5*ljJ JojLoJI ^LL Juu 
J-V jy& liL*. 800 torr <lsuL»j -10 U C 
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(oljUU *5yJl l> pi > iJI 


oip ? 35°C J] ( v ) >}> ^ 

^ ^1 p)\ p*> 0 * 

| i L ^kl<JValwl 

j^jju. fiikL-t jSii j-* . &ui Jisiij yl—ii cw ^ ^ ; 

v Jisil jUJl op J iji 4* J®W 

^L3 luii jl , s/Vi r c juu ^ jjji v-uJi ^ ^; W 
^ dJi5 . ^ jljJu, P c ^ u*Ji~ yk) i pSi\ k-U)l jA JISH jWI 

jLJLSJi uUmJJI Ua c»i ** 0 ^ ‘ V -^ 1 olifc J <S' r '^ 1 

. jdLill JjlW JjIa* Pi 

IjWh : Jlj- 

: ol*?l 

P^P.+Po 

9 (800/760X1.01 x 10* Pa) + 1.90 x I0 5 Pa 
= ( 1.06 + 1.90) x HP Pa = 2.96 x 10 s Pa 

? P 2 (^uli IbUil ^a U : JU-i 

!±-h a^ujn 

p, r, 


*W,7 


«i 


if y 
*i 

T a = 35 + 273 = 308 K i T, - 273 + (-10) = 263 K *iu> 

; J-oJw C/Ul^Jl fljilX ilLi2Ll*)ljJ>Jl 
p 2 .(2.96 X 105 Pa)(308/263) = 3.47 x 10* Pa 

: Pa u-UiH Wji jI*$j . J* li# u’ £* 

(P 2 ) c = 3.74 x 10^ Pa - (1.06 x l(p Pa) 

= 241kPa 


: 10-7 

p U*3-l J>¥ ^ f* 

.18:1 dWUJI 43 a- 1 JfiJ dj>4 j#5*U i/ltH ^ pijllj . JUill *1*^ 
f*> <> Ol^k-S'l |*> ^ f* 1 V JI ^ ^ jW ^ 
^jUJi j^yi m> ji (jijiiJ. p.j ^ ^ 

i .i'.e 740 torr »J Uij 300 k UyS ai* ‘^J^ 1 

r*> ^uai ** J jl« jUJi ijtj* ^ ^ i;l >- S5,| ^ 

? 37,000 torr JJ JrmJI ^ J! 
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(oljUU &j*JI ijjbij ii ; ljx)l i*jj) jiUJI j^iJI 


D 


t JV alui 

• '•+* * “j^ 0 j* J^ 1 jWl jjili (IjxU jSJj J* : Jlj-, 

JJ * 3 i l***> >xi P i V i T ji j* : ^l>]fl 

. (FVIT = nR ) fcflSfV/T^fll 


? *jlj>H ji; ll ^-‘ill iljlw j* It . 

: L*Lu P, V, /7\ = Pj V 2 IT % b*Jl : Ll»VI 
T i Vi 


ji Jxi iLLJI iljUll (>: i "-'M'.lJ'j JjJl 


= 300 K 


37,000 torr V i ] 
740 torr |l 8 J 


= 833 K 


. JlCnJ <jli JJA bjl^aJl i»jJj 


Jliil jlijl j^iUJ ^LVI lO-o 


Oj!j> L>jj Hit/ Jliil jU)l kJU. jj PV = nRT Jliil jUJl jjllj 
0-* by&i jLiJI J f-l* j-*L . JLill jliil IjL j^l'l jliliiJ 

^ ClU^JfJI »AA jij I ( jljll j, iui> ji ) SjU ol^> ji oljj 

jjjl jUll dJj Kbit JLill jDl iJjjMj j&w bjJI j* , l^jix; ^x> ji 

; ijjill jix 

4-**» if i JjS Ifjt J* jIaJI olx|}> ji ol ; j iUu jS*.1 

• 3^1 4y*i V ♦ti'jll p-*> Jj <*-ulb J*f» 
jJI oLL)JJl —.L k olli^xJl jl oljjJI j* jy ji a>y V. 2 

<y>y-*4 J>—j • *ty\ jljA» £♦ ^jlaill olkxl jl L^Juu g L^j ^jLsui 
. iijjll iali oIaLuII oia J£ ji 

*• Ail'^ii ll jLill ijfcjJ O^U jliillf j^ll ^jju 

It* ■»»« Wjj*j Li b^UJI 5JJ» ^ JjrfaxUj , OlLj^J 

. OljliU & jjJI Ojjii 

JLill djj jj L^xL-i Jij , 7-6 Jliil J! gp.jll li^j ^Ij^j 

jIa^JI ILxd oUj-**Jl lij> ji oLi)l JjxlJl i^*Sj bllJI »IL ,jij« 
in clsSJI LjjL-J* kiiUo-xJI j_u> ji LwjSjI Lilli JJji . ou ^jLau (jUI 


-384- 









( OljUD J>)l ijl i>jj ) jiUl J^UI 


j-ljlcj . Lijjli Ljb oUjLxJi ji jUj Jj iiU)’L Li-ojiilj k v 

: Sj^Jl Ja >UjLI 5 jiuj jlxkjl ^ic tii nil ji ljj->j 

P ■ 4(K£)n u 


n v = iV/V * (ijUaJl cjLa* Iua» ) oUax'I *£j> olt> j» KE k> 
jjjL^ ^jjl n jtj Jl Uljjiwl) . ji p^>Jl 3 j>^I oii^>JI jje 

, ( otyl jje je sj*ui n u yjL ^jUI J-aiil J JL JJj 
jIa T 3jIj__>- J—ike O y v j il' ■ba k Jl OuiJl JJ0 Jiw jiJi 

Jl Lwli j_» <+»^* i«j> jf V^UI JsuLiJl j* 'jlj (li^ll jljufc 

4^1 oljlfkVl 0jjk jikJiij . o'_^»jJl UMJ »l^»j 

J-li>J (i-A jjj . ifj-JI jljuu j+Ju/ «J«> Jj>M 'i jUJI ol^j> - 1 
L^j^Li LLot jUJl ti-o« j^*; .iDi |Wj . oliij..! > je jUJl olijjjf- 

LJ'l'jj jUUl iuLi j_£ vJ*—jb jj} . oLjuV>JI <Uj~< Ja-ijJ4 iJ'ijj 

, KE b-i}M 

jl ilu>j j’jyl <j“AJ J olalxJ'Jl ,\»a> jU)l ill> jJ - 2 

jU . j_>i ^Je J Ait sLhjl jJL» { jL* iiilSuj fLAJI J oUbjO'lll u> 

. IjjLoj jjSLi jl Jj'il X i y i Z iJMiil CiUlx**)ll J olaj^*Jl Itj-I k_yvL* 

<L5j>Jl oLt> jJ o^Lill <L5j>Jl oLj 5^« j* JS jl J*i 'i* 

. l^jLi» j^5o-> (KE) 


/ 

/ 





7-mi/ 2 + -Uu? 2 + x ww ? ■ = KE 

2 1 2 * 2 1 2 


; oltf ijUti jkJ^Ull jkL» j«j 


i-m^ 2 = im« 2 = im« 2 = -KE 
2 * 2 v 2 r 3 


: 10-5 Jik 

jj _ p ixeu "i) A UUlj f i L*i jl 

*S /uJI uUj^fii j*j) Lii 

• ( * jja-JI V»>J' ‘M’ 


olu_ l>JI jjlp iijLuJ^ jl <Jle 2 jjJl ^ j^Sill ouJl j-iilj . 3 

^jjl Lijje k_/kt ^ x . y t z jjL>Jl j» J£J J 

jJe ^jj-ijJl iU)l jlj-^ j^ill j-i dj>ii 

jljUfJI Ijl» ^jLxli jJ i)UJl »Ju* J . (10-5 Jii) X jj»Jl j* ua>^ll 

jlj j^j . iuti X ol^J^I J 4Sj>ill oljjj^Jl db 

l'i'.< f | i JJ j tljj , jljlkjl M olljjAJl 6J-> ^jLou] Oujw Liu V_iw JaAmjJI 

. -^KE y -Umw* I jjLu Cilli}^ll ai* 'b>/* olL Lwyj ji o 4 J! 
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( oljLl) iSjjJI ijl i>jj ) jiUJI JJill 


J}1»] ji j-aiin 7-6 Jlili Cfuil ^j^Jl o^LjjjuII j|j JUj 

i *jl*j . KE o1j^>JI i jj> <5j> oU» J>j KE jUli oli^w> <S^> <ilL 
: ji JUII jUI! <JL> J xt>lj 4ui.i»)l *)l» J P- 4(KE)n v u%Jl j* 

P - 4^ jiKE)n v » |(KE)n u (10-2) 

*-$y* Ja—MM D'ijJ 0“L>jj j-» £~»J jj j^l 

jyLL jU)l kjuau (10-2) UjIaIL jImII luJJI . jLJl 

: Jt- JUll jUil jj)H)l 

|(ICE)n„ * ^ 

jjJiJI jjaJL LuJjj /t c/iljil j±t jl du> , JJ* o**i 6" 0^ pjU 

JUL-ty * n/V=<NIV)IN A *n v IN A t n «JV/M ii^UU lLl> JV ol^JJ 

; Hjlj£ LlVt; 4)->> 1 4 j ^L>J| oliliull jiuu ‘l^»U hLrl^yaill jjJk 

(10-3) 

; jj'w> LS OjjluJI jUjilj^ Oytf jA-o A = «iu> 

A * 1.38 x 10' 23 J/k 

L»jj jl ^yfj v oljUU aSj>JI iyfcj Jtu ^*1 ^o>J Ji*3 (10-3) ibl*il 
. jUJl oljuj> *&j> Hit Ja-iyl j^Lii jlili 4jl^> 

. Jill! jlili J Lillu^l llJ^xll olL kyii ^yLt* <uUall DjI^aJI 

JL iyj ^Jl ojlj-aJl aJ u> (OK) jJLJi jiJO ^’XSJI JA\ j! 

, ifjjjl jc oJ)*Jl UjJ 

■iljll jl ji'±> UJj . jljj'ili J>**{ jLul Jilj 4jL» Jl>‘J Lul JJ> 

, SjljjJl i>jj jj iyUn j_£i (^suuJl Ifjuu jW Jjlj> jlj3l ill* J 3y»jl< 

Lilt 15—jlj j^l jW L*HX>I j^l i)l> J ylj(^ IjJ 
. jjjUll ^ J lx>l^ jdL i|sj> Vlas'sll 

• ^ UJIajU jU)l >_lJ y jlS ti ys ^1M Ijjkj 

ji oLJj^J) l) 2 iu- ty» ^}iij Jj 0*k> j^ll 

; Llli* L£u m JJi jJn L^J oJjjkJl ^u> 

KE-imu 2 -imv*-±kT 
2 2 2 
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(10-4) 

jl j>j <Jj 



( olIjUil Sij»Jl ^>jj ) J*mJI 


w 2 =3 kTIm 

^k—’jiil j_< P»J J— aJxi liSli Util I DAjJ ^jWjill jjufcJ* Ui>l lj[j 

; U rm , <Uj«JI toy Jkwjii jl> j»~u 



Lf>[ jrf 4 yjWl Sk->3il bjJI jAO-sjJ rms Sp^Ji 
oJJl ii> jl {+» jl jlSy Lu/Jl J—*J . oCyj*JI 5ij> Silkkwjia JjLu 
Jj Liib ^Jjj objLoillj l oLjLuJI jjj Ooj^kII iCj_i L-iyj Jiu <tjm Jl 

L^lULkJI juj uj *Sj* jo \*id 

luli i Lit Jlill jlill jic jikiu oljUJlj oi* ji 
jj Jii) 4_Sj*Jl Silk) iilkll Djlj>Jl *j>jj ji Si>^l \}yai ,J 

ikuu Lty iDj ui . ciljUJIt Jilj—Jl SJi> 

yyi>Jl oljUJI jif JjL" j^bJl #j* O' 0* *y pbUl li* Jju ji JJi 
»i» j-i ‘Lii i>)L <ui JJj . kii <Luiyilj SJUJl oUjj jic 
oSU^i o)L»j« J[ Jj»Ju oljUJl yiuuJ i jJkll jA^sJl jt yJOb tyjill 
jl jl ) bLi ^LSu>l "J vU-b* J! o &-v yij-bl Jj->y Ui 4 Sj jlill 

bioull Djl^>JI ol>jJ JuP obj>JJ jjsLJi JjLJI ljj» , ( IjL j £yu ly>ijJ 

4iillH JykJl ji 4 fill'll .1 ijiil jAj t pill KirKii ^1 \Wi lib 4yJLu w-Lfcj 

L»a*j ^pill x SjuJLiJl O^till olfjfcj » ji-nj ^ dljij ob&ll Ijjt j| 5j*»Sl 

. yltfl J*> Iflfi 


10-2 ^xytj Jlli 

? 27.0 C C jIp icj_i IuUj ji> yj L 

. jJl 4>jjj j'yJl SilS Siju y>wi (10—5) SJjIaII tliSJw'j : ^skw J’i’uljl 
ol^jxJI lujJu M jWJ < 1~» Sl)I j* JSJ 4jj5Jl ji ^JOj j>jj 
: ji| i 28,0 kg/kmol jjLu <Luuj^>Ji 4 J 1 SJ 1 ji 4iu>>. N A Jj< JiJ 


m 


JL 

»A 


28.0 kg/kmol 
6.02 xlO 26 /kmnl 


= 4.65x10 


kg 


U rm» 


; jl j>j (10-5) SJjUil Jlt» l >Lj 

M. 

» » ] 4.65xlQ‘ 2G Kg 


. iLJj ^j-U 4Luj ! Lyli J£J JJl jjL; S^JU j m ji 
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( oljUU ) jAldl 

luj. %M jJmJI oUiej* i Li jli oOlj jyi L-J IjU LLiu Ja 
V ii/JI J^U 


4jjj^>JI oUj*Jl vjy 10-6 


I j+Xv !<■ » !i «. > dj—>J2 'll jUII jl I!««./> ^iUl ^dill ji 

^LIu^^JJ Ljjj*II -u—111 Lljl ; oUjJt ojjt pjy |J LiSJj 

»A>u__J jJj if j—iD jj ji J—IOAJ <Uj—li d^AJJ jji)l 

jLCLiK 1860 r U jj oljUII <_S>JI Jy-SL ^ ^.LJfcUII 
J-»£ Uuj <fJ—<J Jj-Ai; ^jjl jUll oliij> ji jAmJI JJmJI lJmSj) Jjfcu jXJXi 
14»Uk jJj t Jjj-dL ^*—J i£>UJI »oa . T liuu 5jl^> i> ; j 

» dta u 1 1»>^ . H73 K aif 0 2 jU ol*j*l 10-6 JUJU 

4_*>liJl j_i j l>ij i ^LjUj . t » i l l ^^Jf j j - Mu i . v,,,,, JJ iiLi% 

if^l Ji*3 j*) i VU5>I jJS'lill j »~J u m j») JjSl it^J\ LJLa>'ll 

jfi u Lu'UJl lt^«Jl Lii . o!jj^»JI j* jjf jtS\ d < >Ai < | ji)l 
O^jIaIU kif^jJl ililf j_Jl si» ^Lajj . ollij>U 



L 
11 
5 

F 


10-6 Jii " 

jL_tfl4f.^.273Ki*0 J > 
jkj v i-jUi v m Vui»i 

J-*- ***)• ^ ftO* J»->“ 



(m/s) uifjJl 











( ClljliU ijjoij ) ytiLJl J*»i)l 


JU— j-i : j*-ft .i* 5 -i>i 

. uU. jtJl I jjxu liujjj jjjjUJl 


: 10-7 Jii 

• N a jU*l <—j—fci j> 
•J& ju& yjjti L r^“ ^ “j*2 

4 jJ »Jkw ij >J Lf^V' 

. jUll 



5011 HIIHI I >110 >1)00 2500 .0100 

(m/s) 


. <J^f-0 jpU^I jl»oj CjUjJI 0J* Ji»l <UJ Oilfi Ijli ItiCj 

<_>jj Jijua jli jt iu* jj oUjJI £(jjj Ji&i U^S 10- 7 JSuill 
£-0y ji>» £-W*i J! Sjlj_»Jl i>jJ ^ ; l J JSill li» om) . Sjlj»Jl 
£ijy Ch l-"i ■!»->%!• ■ f-JUl °l—S' 1 ^ Hn ^ *>!& 

I J_;J_1< ^3+1 dj>13 ^ill oljyj^Jl ^ls Ijj^ Uib Jli* ijl oUj-JJ Jy-*iU 

. v^j j* l^»iS j £i cikfjj Jj*l« l^i* Ijo» tub Jli» jl US 
Jj_>Jl j_i j r u£Jl vJm sijilS Ji^SU i^jki jl Jj U* )JSj\ 

ImJJi Oi>ii <pji» Oji JU/Uwl jis i^iajJl UfJ jUi>'Jl £>• JJj 

<Pj—Jl oUUJl ji*i jJl olijLaill j*jj *jJuj>Jl oU^-Jl jrfUi jS*j J>> Ia> 
^Ljjjill fliu—tl 1926 Jtl>w j-SJj 0o—*Jl JJj ^ ^ ^ li*) t jl jiLtlj 








(dljUII ijjBj ) jiUI J*ai 


b* ijjUl Jy—SI 4 djjS jjl JjrtJl Cfjt! .ly-i jyajiji jin'll 

ljU A, i*j jUi *st% Jo-su o> 0 i jiyij, Vo»J' *V' (fif 

4 Jtlui —1 L yjkj 1 tjLU Ojl^l Jl*« y j^l Jfi dUU <jU 

: LJlill iLIDl J^iJ! ^ lAiliiL 

(Jiuiijui 

. j-lUl ji-ll (_»)v cuiijii J-LL ( j ) • (■*) ‘ (v) ‘ JjlyJI (i) Jj/i- 1 

( J ) ‘ JjH (j») ‘ j^jii Atf (J-) i &*MI JjLJl (j ) 1 £& o*W“ (J > 

^li(i); jUlljUl( r)l Ao^^ u (J)‘^^WI^U(J)c^lSUII jVjUI ibfll 
^jji k-^li ji> ( £) 1 ciljUD iS/Jl OjLJ (J,) * JIUI ;WI 

^ M C^r C rj **. ^ i^i iwsii y^i ^ ^u. <# tow 0*^-2 
^Ull oi. o# ijlj»JI ^ Jo* - ^Ull 0 . JS > 411 0 ^ JU ^ 

. tjlil aifJ M ixu)»J! iliSJl jl i^ill ilsSJi i^L*^ 3 jL j# o>ljll jj*Jl jl 5i>iyi jjjll <IlS s_/L>. 3 
. ■UjJ-U OjldJ jl OjjJl <lj£JI jj£i liiif dll!I ijdu tu£ \Ztiy *L£Jl ji O^iyi Jjt oL* . 4 
• (jxu<SJl dujjjuj PiViT iiUll *1*21 bi tfl jI* 0I JIS1I jUll ijii f UU. 6 
. IjHS* Ijli U jU Ujiji ** jjJlljjjn jSJ .6 
, jUJl 3jlj> i»jJ Jlli jU ol^> j! oljjJ yiiSJ^II tfyJI OIL k*jL wL>. 7 

c^ji!l dlillj jW( #jlj> c^jJ ' " i jL pI Ijj Jlli jle (^i ijdw dll ki»Uuj> jl oljj *£j~ k>>* kvu< ji> yL»> - 8 

jW>WjJ 




; OuljUlj lUliJI o!l>yi 

Wd Jjll: jip 

= 6.02214 x 10 23 particles/mol 

: (R) oljUJI cud 

A’ = 8314 J/kmol.K 

: { h ) gU)il^ coli 

Jk=i?/AT A = 1.38 x lO - * 1 J/K 

: <UjLI j jL>j oil ;jju 
: tjlj>JI <>jj 

; 1 atm »jjj Jmai Jm^ jIp yJJi tllb <L>1> dy'ii o**jil Lilli 








(oljUlI iSj>)l »yj>Jl i>jJ) J>*il1 


K 


X’ 


373.15 

212 

100 

yljlill 4>iu 

273.15 

32 

0 

JlU*J| iUo 


: L?iL> 


. SI *IDI J ojlj^JI i^jJ tojll y> (K) yUSJL 1 

. ^joJl j ^ytlSJl JjLu OjiLJl 4>jJl . 2 

*/J*Jl <*jjJI jji 5/9 i^jLj i>^jJl. 3 

. ^1 jLJl^OK-4 


. T c = <7> - 32X5/9) ^ 7> j T c 6# $>WI - 5 

: jjjl>yi jjpj J^ll 

. LiUS AT^ j-i Ljyu Lcwaj ji y> ±>iyi Jj_li luJJl '■’C jt 12 g Ji oljjJi m p N ^ jj.»l>yi jap 
, bill ( olyj jl ) oli>j> j* A*lj Jy 4iiS bL ( LjiJl jl ) <JjSJ' 

: JtilljliJItyilt 


PV = nRT = NkT 


: 


. uli>]l JjjtJl iijlil iJjUll oi» yJ Jofi .^i* yilSIb Lib SjljaJI i*jJ y* y»*i- 1 
. >iiljjJI y j±f A/ Jl»i Luj . oHjj y,jSOI jt olfyi j jut n Jl*,i Jllll jUJl yyiS ji - 2 
. H olj>j £1 ii-jb P }V o'jJfcj yi U5b oSbl yi y »0 . bjJLM ulixi jUJl OjC yP yi** . 3 

. y»ljill J^ljLA y«Jj ^yiSJl JabflJl p P luLall - 4 
:, oljUU is j>Jl 

: ibluil l<y> Sjl^l Luy jlli jlp j is j* y 3j4 JSJ ^JUD')'I iS^aJi iilb k*u« 
KE-imu 2 =|*r 

y oll^>JI ji olj4)1 gy Jx-yU ji> 

rn “ V m 


ollw>Jj 4jjiwl 


L*j)p 4_*Jlfctf! 4JSj> oUw yiijSl ^ jyi 1 m o ; J gliSjl J» p jJ4IUl iy B - 1 

. -270°C (y) i O’C (i) Sjl^pJl brjj y£ 

yj yUyJI jljjl Jj>y Ja . ^1»J^ 0 2 o*A> J* i$y*i <lli Ij l Nj j* llU y^ J i> - 2 

¥ iujJLi iMik-yill yjjbj«JI y*iU y^ O^UJI jA U V ik-y»ll y-ilj 

»L» ^jj^l 11,200 m/s UjljJu JJy ^ <tj~u !+>;!> *1114* J4f! u< y*v i> ^ ^ - 3 

yj ^pyb i 4*]! J yi>JjJ^fJl yl J»ii JAJl jjitl lUj y#-*! J JaA-jJJ JiSj 4U*Jl 

. <j yrt-jjjyJI vS ■>* j^Sl i^ 1 ini^! 41* j jaJ ( j O' 
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(oijUIJ ijfcj ijljfcin.jj) Jjiii 

Hi 1 ;* L*j *j jLill M byS> ui ■ <-l»U J. 4-£e -J* jUI 0 i js. oljltf jy, tftj ^ . 4 

. Jlill Jlill i,y» Ull. <JU Jy, ojiS J *(JI 

* 1 uSj jUII M» j£ jl bjAj t ijl^l o.jj SjL)* Cjjfc jlj^ jUJI jl p Jjb j^li jM . 5 
Jlill jUJl^liC^ilUo^li-ul^I 

J* °'j y ^>' 1 *ijU il ) liJI <> UiJ Jfll MiJi ji Jfi <*tj*JI LjMiJ jjdb Ci^li c>" - 6 

. <s>Ji kp) Jim jUii oP f ijiJu-u Ji ix-> o^ji . y>)i 
yJaS ^ ,iy jUiM j Jjxll JmJJI j it j^x-SSlj j^j-UfJl Jjli lui* ^ . 7 
jJ MaiI Ja , 2H ? + 0 2 -> 2H 2 0 aJjIaJJ ILL L^-k'bj jajUJl jUiil oyw-j j^jMl ojlji cLLl 
b'^JI <-*> lj| ^ lit- . Z P V (200°C) U-jS'I W J| JjljjJl l>jj ,yi ji ^ iyirtl 

? 20“C <*ljo/)ll oJjaJI bfjj) 200°C 

il*>Jl oja £#j i « jjjjj L oJ ji> » <Lo«a Jjj d- 0,1 ^Lo i &UJI <iL»[ jl] olLI Ml ^ai tfjjly jl£ ULy - 8 

|j| ±,\L\ l*LMb ^1)1 4 ^jlil oli,j*JI tit jjc ji . jf^l jU ,> o>j tip J 

jUJI j« 10 ®kg p \5pj jijily* ji cuk 

, 75 cmHg LJJI j »I^J1 Mi jlS I3J l Jj> iblii LJL. y j+>j jltjjL o*lji jjM ^.9 

JjLtf 

10-1 fM)l 

. 280 k <+) » -28"C (y) t 74°P (i) : j^l i^l ^ ^LL Jl ^ U J>>. 1 

. 230 k (_%■) . -22 F (w) k 72 9 C (I) : j^>"i(l 5jlj>JI i+y J| jlU L J*> . 2 

, jilfllj <^>Ji oL>jJL oj*oJjjJl o-jj jc yt . 252.87' , C JiLJI j^^j^JI jLU ILL. 3 
WiiJlj ^jJjJI ol> JL Jjill Ija ioJ ^1. C2"F j>Jlj OjljoJl j« J/JI jlS ji« ^ ^. 4 
.L^L^I ilui j* Ia (I) . jUJI ILL p 528.4°F jIM Jis U ; l*LI iLLj 486.G0 D C IflLU ILL SjL. 5 
• jlfL'iilj jy«JI jJL jjs (y) ♦ ojJLJl oL>jjJly 

>-* (rLtfu jLLUl jMJI ji kiuJj k v>yp* ^ AT C jIjL; ojL #jlj> L^jj lj|.6 

. a r,.{ir c 

lijLJoJLS). 1922 fit UJ jjcJlS j 2 U>)|i Ja jAj'il fj ijl^y i>y jUi c>i jliu.7 

, Mji*Jl 5 j_*>o1I ojUJL Ju-*j M 1983 ^Lc ok- jii -128.56“F y»j 3jl^> i>jj ^ijl Ul , 136 r 'F 
jil^Ilj V3i*LJl 'il>jjJl J[ jwU jjl^aJl jj+jJ 
? u-X^J ir 1 ^* JjlM »jlj» ji M . 8 

^ jil^j j-Uo jk 3j»lj jjfi Jti\ Sjl^ l>jj jIjL L*. 9 
jiKJij L^jkJi oUjjlL oja ojl^JI lt>jj jp yfi . 98.6T ^a oju^ La«> Ul> jib] » ; l^ i>jj. 10 

10-2 pJill 

? AtuJI M t iHH <*) f -*S» < I) a. iA»iyi SjM as y U. 11 







( oljUU aSj>JI <Uj£uj SjljjJt Jkdl 


e j^LijJl jU if* a>Ij ds^> *L£ U . NH 3 jM ^jlluJl jU) <Lylwj5Ji aAmJI . 12 
? SO g ojs ji ^UJl oL1>v> joe Li . C^Hg 4 ij . n l I. 13 

? yill ^bJI *i 20 g <ll3S yJli y Sj^jll oljjll jj£ U . 14 
, H.,0 j* t.Uil LulaAll ouuall y ji »Ul cilljj> jac L» . *lll jj 80 g Ujoi Jli jle ^wLS jji>j . IS 
jviJI &>* LbS A*jl < 1) I 1100 kg/m 3 lijLj utUSj . 10,000 kg/kmol ^ ^ ii&H ttSJi. 16 
V j^aHl ,> 1 m 3 «joi ^ olkjaJi ja£ U (-*) V 1 kg Lijjj <115 ji (^LJI olLj* aa* l* fa) 

. j^l 6 - isj^ (i) ±*)\ . Ui>- 790 kg/m :i ^L-J ( C 2 H 5 OH ) ^)'l Jy^Jl Htf. 17 

. ^>'1 Jj*SJl j» 1 liter j» olijj*Jl ja* fa) 
e ■lIj'vaJi <uJi^ L . L>J> 'uu^> Jjju 60 kg AjJii “jI>j jl \ m 13 

10-4 j 10-3 jLkiJl 

i 2.2 x 10 « Pa j.yai kL> Jjjj, 6 ^ Iiji • 22 U C i*jj Ak 0 2 <**-SSl 3 U J* I liter u«. . 19 

^jrtwS^lilaSUi 

l>^_II iliS U . 1200 kPa ojji k*J>j 33 a C U,jij 3^ij> i>jj a 1 * He ^ulfJi ;li ^ 2 liter >u*> jl}* j^i*j - 20 

? jljkll* aj*j 1 I 

20 "F <ijlj> cj-jj ‘UJi *1*1 i> fji y 6 mx 8 mxl 0 m L+a*> &a* j*c ii/ ^ tljfil uISJi UiSJiyi. 21 ■ 

IjJ L$_li rj-*j *i <Liy 0 l JJ»jj ^Jill tl^j_Jl A—LiS L . 28.8 kg/krnol tl^JJ 4 -uu}j>JI ^j^Jlkwjii jl 

. licjJI JmJJI i 5 jL^ OjaJI j IwLaII jl jiyjl , 75“F JJ 5jl^>Jl i>y omjjI 
oikl pJ 180 kPa Ifj ^Uiil Jai-i J^jl* Ui*> 27°C Ujji a^l j> i>jj a!c Jll» jUj jIj 1 >I c '^i. 22 

. 384 n C Jj jot v^S'l y iuuj J^Jjj j^Saw IjU . ^12 l> 0 
k-vj jl5 ijli. lUyu IfahS jA 568 tng jIjoj L^jJLaS ojbjti J^-*u jU< jd Jt-aj . 23 ■ 

? jUU 51a£JI j» Ui i 23 n C Ojl^> 80 kPa jU)i 
kju> 27"C bijji L?-jj jak N 2 j*>jjxiill jLi j* i&S ^ ^15i>L uLm j!jo>I Jy>j - 24 
V - 88 °C Ujjj 5jl^> JJ Ale jUU ^Ull kA-i JJa» ■uj L 240 kPa L^-J 
^Ltill kLe Jyja fai V 0 <*> jjl*- jlfcJ ^ 100 kPa WkLi vl^l (> ia^ ^ U - 25 

? 160 kPa J! <*i 

JUe jJJ 9^->J l 4y-f JJ La.'yw ‘Lul olj< Lfa>> JkUu5 5^>y r>3 j) <L>ly ^ Ibjlyi k'Jj Oj^ki. 26 ■ 

. fjyjl Jl ieliill JM -0 i'uui ^^jAju 'll *1^-11) •jlj* ji iij***!* 
j-ie jLAJl a lii \< jail «j>o 3I La 840 kPa 9 jj 3 ^Laj Lw J3jj ale 1 j^voS'il jle ^Le 1 liter ux» 0^ - 27 
. OjU jUJl ijl_^> i>jj ji uoj&\ V 100 kPa J^>JI ki-All JJ kA-o :jai3 

jljj oL»" 5 ll <_ujJ Jl ‘Lo. » .> J—®j j^L> 100 kPa i^jj^JI kAklj (27°C) iijAll 3ji^> ik jk k*-j. 28 
? jUU 8 j^x»JI 5jlj>JI i>jj jM Li , 2500 kPa JJ jlLlI -tkAj 
J[ l^i>> Jij olji IfkA-j (JkUj ^1 JJ 27°C Ujji 5jl^> 1 >jJ Ale j'}* j* ^ okki - 29 

LuLpIl Cj\j> 1>jJ Jl jUU ^lllu'il 9jl^>JI O-jJ lw A>y . JuaUl 
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(oljUU iajlij ojl/Jl i*/) /OJI J*iJl 

IjJ (i) . 27 e C U/i 5jl/ i>/j 500 kPa ojJ jlk. kii ait c**-*^ 1 jl# i> 1 mol J* jjb* ^lj>. 30 ■ 

f Ojlj>Jl i»jj / Ui . /loLlIl Ju«aJl JlAjI SjVjl aLw g«| Jl> /xll O/ jit jUll yiw 

V jUU 0 JjI>JI OjIjJkJI <// / Lj . 0"/ <lLuoj Uv> j» J5 UtfLai 
J! Uij* 3 lS/*-' 1 k“U jl-* ki* o» 30 U C Ujji 5jl/ ait *I/JI ^LSJl IjLu J^jjJi J/, j . 31 ■ 
V iy^ll il/JJ i^lfiJI 5jl/JI i> j / U . J^' ■u~ o* 1/15 iijLs! f*>) 5400 kPa Jl/ tj J 
OjjJ LjU 0-. 27°C <JjI/ L*/ jU jjl-w j/Jl tj» > ^wJ loLt jlj , Uo*/ Jj biiljUU /txAJl jjjl jj/_ 32 ■ 
? J»yi jWI ijlj*» / 0 . J, Uu'jl u*x Jj# iL 36 4*x> ^ tf/JI LuJl J] 4000 kPa 
5/ 12 lf*x> o/ / Ijjlw 1000 kPa »/» jlL kLij 27 5 C UjJ 5jl/ // ait /t jj*j.33 ■ 
f ;W ^ ud / Li c -lire VmJi «jij> 5 *ji c* lili. jUll 
j JJ LcliiJl /> axji. V 0 Lft>> itUi ii*t ^ /jJl *1/ ykJl till j 10 m j*t Jbi a*/t. 34 • 
. J/aJI *1131 Jkl itLUJI Sjl/ O-jJ yl Jjjjjl . j/L ^.k .ill JJ Jju 
»Lil fliijl jlaJu L-4, *lll / JL/i JJ Lij ^Uiii l/Jw cw3j p 16 cm LfJjk i^ljkJ jl#i>l y/t oji _ 35 ■ 
JJ j-** > *Ul rJ»— xit *I/Jl kki J jtfjJI ? »QI ^L, alt jUll 4»jL guu Lait L/Sl Jib 
U/ *LwI XlL* Jb L^l Jib jjljx 4>jj jl ljj yrfjjjl. 1 atm (L»jJ 
jJ /J*i b.Jie ( o^xi 5/5Ojliitl^ ) 24m JjJj 0 Jj J^l ^Ji JJ J04i lIuxj L/JI jL»^I jjb 36 ■ 
J^>JI 0-lt f *4Jb UJm jJUl !j{ , -73 U C 4 j 3 jjljxJl 4 >jj j/jj lub 3 kPa J kli/Jl j*5j aIUjI 
'■ J^kj 4kxl jJLJl |VX> U 1 27 V C UjJ 5jl/ 4>jJJ 

" gSlill »U> jli, U . 100 c C UjJ tj\j> ix/j j/JIJmJJI Oi# jliy Jl JiUl *01 > 1 liter J/j.37 
t. jl# »liS ->0twj / jUll IN* JJI JUll jUll ujli f ais-l - 38 
. Jlill ^Ull j/15 j^mtIJII IsxJb Djl/Jl c»-jj ait () 2 jjx-^l jlc iili5 ^. 39 

10-6 j 10-5 jLai)l 

(** 1-67 x 10-* kg ) oll/^Jl oi r J*ll 6»j t.l4x 10*K Jl^ J»L / SJ/Jl l> ; a >-. 40 
WJI ^i ‘ JLS. jU JJL JLi ^.xlJl jjtW j» oll/j^l oi . ^1 ^5 0. (Oic^l *>Jl 

un^ 1 **r 

* 27 a C ait jijjfl! nun Ic^b r * s I*J# lijLji /Jl 5J/JI i^ja / 0.41 

v . 0 U C jit olii/JI u JlJ rms itj-Jl olxii LuU3 jOu jlc oliu/J rms itj-JI ij\j> c*-/ ait. 42 
? (27®C) Ij/Jl l»jj ait ja^S^I oIjliVx i5^> ijlb k-uj 0-43 
rms ttj-JI JjUB »jlj-> UjJ iii J-l# (I) . 11.2 km/n Jl/ //’I o* ^ j/ JjUll yj/ it r - 44 

• Oj Nj o*^jjiJl olk/J tylJO llLll j/' (*j) l j' it^i sat ^ o^jjJ^f-ll 

fjJiJI oUi/J rms op- »jlj-> ji xit , 2.37km/» Jl/ /Jl 4^ j/ / yj/jl it/. 45 

V icjJl sifJ iyU 

oljj o* UL»1 j/lj /-jliJI *LduiJI ol iL.jlaJl olui Jj . 3 K Jl/ /kjliJl <LiiJl / 5jl/Jl i>jj. 46 
jj tijj-ll jU k J—>•*! (I) . ^ xx ll o» v_i«iu jU ti L i J53 5a*lj 5/ Jjxw OJjiil 1 (jJXj/Sl 






(oljUU ijljLI 


,> BjiJI lib b»ji* (v) • (atm) b*bH* & J**3 ' 

? 3j>ljJl Sjill ifij- L (->) . jWl lj* 

, P ■= pv* 1 3 3jitf *bL5 jib JL1I jWI Jbb jl a$. 47 
.l_*oil j .1 -j11 oli£JL ubljL‘> o^ii jjb , LK1* Ijlc *jL*e L 100 9 C j 1 atm j ie *lll jib lib - 48 ■ 

ji jy 0.598 kg/ms 

Ijm > v p\ li* ^ ^lyi lb Li ^ 80 m/s jjU 27°C ijl^l l*jJ jLp jLJ rms LjJl oil* lit. 49 

V ^Ij jli (> JlL 

b)*Jl ojjl oLa—> Oj—aij . x ; j>Jl l*l£U y* U 0*y*) m„ Ifb J5 lb j* <j)> - 50 ■ 

oil* lij O.LJI 3 La iyj-L i Lb j*>i . 1*1*11 J li*-* 1 x 10 1B Jowj 1 mm 2 U,ji l>b* 

mo * 9.1 x 10' 3 ’ kg b*» oy'^ [ Vr* J biP^l VW lM j/ • f^ 1 ^ ^ ^ oU ^' 

, t> = 8 x 10 7 in/s j 

xL (jljjl Ul> y II 2 ^jjjLi^Jlj H« >bl> J* J>by 2.5 liter <**> J£JI y*^ 4 ‘0|. 51 ■ 

V jjlij*Ji jiifJ rmx l*J L (y) ? olj^Ji j* ^ ®l» b-j** L (i). 1‘20 U C S^I^LI 
? *WI >|J jlSJI bull JA Li i i> 2 mol j fjW i> 1 mol Jt ^ »U}I jlS Ijj <-») 

4JU»J JjL*« 

l>ji »jl^> L>jj be oliy^JI ,> uuL J* 6y*i 24 cm oJb Jy JiiJi y«b jiL 52 ■ 

( : tWl jljJLj- J>1 jlfi jU)l yy, ji)l SjiJ! jlji* L . 27°C 
L* 5 a-aL jit 10,0 cm 2 <>l—uj 36.00 cm Ifttojl 5 jl>Ij jotii olj iwb cut-oj - 53 ■ 

UijkJi! yUu ) jUU jjj- ^ iljau . jUi J! 4i> jl5 Oei-^ 1 »; l > iJI 

k^UJl U> b . bljJl jbL d ill^S'l J 4.8 kg aIL 5 ( Jll3>l jjJ f lS>L 

0°C i»jj 0’ • u'^ 1 LT'^ 1 J i,|j 

^ ijj >3 jj^u . £ij l^i> J>i y Uli4j 1 m IfJjfc iLi i-*Wj V^' - 54 ■ 

b>jj ) jJL vb jj b^liu jJAll JjJJI J_*P y 27“C Ljji Ajl^ bP lib Jrfilli j bb 
t o^i jjijii jjLij j^x>ji ^yt l«' • (ioo®c Cj\j> 

Lp ) f Li>b J>W tfl»i . 6 cm xpUJjI ^1 o- ^ jlbJl L.> ^ i*-ij o^l L^i - 55 ■ 

bi » j^£ Llij -L^l o#]i Ijj . 20 cm L^jj lib* jiiyj ^jkll ^kJI (> ^ be (lb^JI 

v o^biAi yui »>ji j ‘ij*ji iyt- jy> 

0.4 g JbfJI ^JjJi ilsS jbl5 lj| . pbUl^ L#jj»y oaw y jb>l l*^i J (C0 t ) Jl>JI bill - 06 •■ 

JLaJl yui bb A ji Mi V^l jj C0 2 jUJ y£JI bLiJl y Li k 22 cm 2 '^.UJ ^ o^bS'l jLij 
f 27°C Ljb 3jl j> l>jj be bxJ 1 k^yi ^ iijlj> ijljil Hl> Jl )bl J-ajj 
^ oljJii Ob ^ulib lx> obbb 3 j!j_> byb ^lb>L 24 cm 3 1^-*>> jLbil "o^il oo Lbe. 57 ■ 

^jjybJI lub ^yb LL (-210“C j«.^l ^Ui ILL ) l^i jlS Jill j* J 

? 0.08 g oljtill 11*5 cblS Oj 27 c C l>jj Jj Lbbb be o^lSl ^ 
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(oljUD iSyJI Ojixij OjljjJI bfji ) j-iLxJI J^ill 


^LS 



10-lf Jii 


ubSjA^Ul^i’lCUSlO-lji JiillJS*.58 ■■ 
jii—<i) j^'l iiljk-Sl oili . P 0 Jlii jl# ji V„ jiyLui ji**> 

. Vq^Pq jijiKi j j# jy*n J>ji . j^iiii J* 

(M = 4.0 kg/kmol) jU# (V* 5 m ;i ) JSJI jjjS jjlU ^ - 59 ■■ 
jjut L (i). 0 e C oi ijljj>Jl 4_>jjj 1 atm 4_j JmUJI jlS ^ J 
j*#j <• »i^ji j yk> jyyi jtf •*! o^M 1 j (jW 1 1> °ui^ 

• i>jW J f^ 1 ^ 14 M ojM ^ 


10—2p JSiJU US ^yii ,jUixi oil «kll ulalu O^fjl 003 - bO ■• 

jo 12 cm 4jji jy> <*)»% jifj U* 1 ; « p j"}! 1 J 
oLu J#i J| U-ij ojjJSi c »*j y***^ j*»! • (jwtyV 5U*i ji 

kiJJi ji jfSfl ? o^l y y j*5jJI jUJ;l j* U . -8cm U,ji 
^LiU2ll jtuaiJl U» 

1 atm ijilu ji# 750 k JJ 27“C j* i ; lj*Jl i>jJ Uji# . 01 ■• 
. 53.0 liters JJ 22 liters j_* jj** ‘IjfJi J# *Uj ji £»jl 
Ui i JuilL bjj-J JL# jlS OJj ! *Uyi j* *i*J -j-3 ji JU* > 

* oUJUS* ji *l»jll JI )\ ji Vr^ 1 ‘ l X JI W J* 
Jjj_« J-s>li bJ* jiiJ Jj jjjJJl jij . A uLb b-Luj 1 m <J>k fyv lija** <M ii' - 62 ■■ 

i 300 K jU# jjjfcjSl jLe j* 105 g JI# j-^Sl p-ill jtS IJ|i. 10-fy JiiJl j#i a US jUU jjj- 
, LSlSl>l^l iS^JJ JiliJl ^USJI ^ jjSi- jii. 260 K ^ pl+JI jl# 15 g Js. 6y*i ^ (-*« City 

, jjjuulj jMlii SjlyJI jl>jj ji 



10 -2^ Jii 



if. 90 Jljj. Uwuij UJU 750 K oJ»- ijl^ 1 >jJ. * CO s j. (90 %) *1S ^ ^ o£k - 60 ■■ 

, i^jji 4i_ jl# C0 2 rms i#jJU C0 2 iiliS ^*11 J* jJ* 

20 (I C Cj I j> b-jJj 240 kPa 4ui Jli* jU J# (jit** 2.0 liters u>> »U| J j i>-» Syfii - 64 ■■ 
^ 4 100 kPa tjxi bJ, } 27°C Uji »jlj> l>jj jit jUll y-ii jJ# 8 liters o>> »UL 
f jUU jJtfjJ 1 JwUall p U . 23°C Ojl^> o-jj ctkj-ai jlji*!ll Ul> J| jUll 
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*UI oljUJl ^ Sjl^Ji J*jb itfl* L* 

Ijj* 4—U-W olj5 UjLuiL jUJl CjKj «-» LiiiLu 
wjIjoJI ji UjL> LLuti L*5 t JUaj La jJJbuu 

j-*<siu jl j-iu Lfiiit jlj > ^ 

. LJUi'ii Uj>i\ uu, uiy i j-. tij-i-l liiyi 

Jjl^Sl jy>LJI jSLli jJ|}U io-ojjl ljj> Ji« 

j-« Ul> ^ lijlauJI 0# i** jUji J 4 I 9 O jl 

jj^SS oljjLo jjji JMjJl <Jl> ji jSJj . oljlill 
oljLill ji liiiOLill (jfljjAJl jl JyLIt j£^ ^ jij , ol^j^Jlj oljjJI JjL jJa £■*!_) JJ 

Ljjij>JI ,jtfl^_>Jl uLujj 4_,uu 5 (j*5ll JjLkjJ , j j -■»* *) l*i^L jl <^L» ^ l^JVXlI 

, iIum jjrti LLSi oj^J 


11-1 

j*x-J ij>Ul |iL»>*il ^b*U j£»li jj <ji Jijl> jjj II* jl*L}l 
y 'ij J*i)L ^ LLi> u^i li* UkJl oliUll j% . bjUl 
ijyju jU^ ii ijlj->JI LmlJ Uu^_J ji vH^aJ' ji ltJj . ji/^l j/^l iJ-iiL 
LSjaJI 5—^Jaj ji jAJl J~0 aH y lliij ji ). oljUU j^+b £♦ ojj^ 

Uikil 4jlj_*JI ji d)j s SjIjaJI 1*jjJ ja»* J! 

!’■■>■'■' -I iij . 3 UJI j 3uJUCC*5ll tf^JI lilt L-jIj £i >_i-Lu jl*) T 
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( LLaU Ojl) jjjbJI J^uJl 



ll-i jbi 

‘ *Vl £■» kk JiJii j-Cty Ulip 

ulj CAjjjkA j^j I . 

a —(?’i 

( T t VJ>^J4j) kid 4i 

j-i * —5>I <&L knji* jj! 

LxjJ O-jfc j yj| Jj^uL, j^>-Vl 


j-* A « 0 <ddtf 3 UJ 1 j ^ yii^i is^ji uii k-j* o* ditf 

(KV!" (4-W) 

. o,ll p k- 1.38 x 10 a JfK iu> 

j 7j jl ‘ » u il. n ^i Lj_iji^> L*>jj ijjilji ^ (^jUJ Lx*_i jj Uji yijiJ 

kr^ 1 fc*J. 11-1 J12J4 Cw- j* US . go Wl (7\ > T a ) 

4 —*j J J - " O*** i>j jXr* *** u^Jj 1 <>jll g» j**" luL»Ji 5jij> i>jj jl 

JjLJl II* j*Jj T t )T t &>j {XT luilfj iy J! kJWI 3jlj> 
(jL»j 6 ijUJl Wiw a- . JUJI^ S5>J| i^kJ ly, oljyj>Jl ^ oil k-y, 
®k ^ . ikikUl <jlkl olj 2 jUJI oJUJl utUl qU 1 jUUI 
( k J i/"^ 1 £* ) l+£U» yk* <5UJI yip ail; oUjLfljJi 

>*—ij • ( k) J £&/ dlifj ) aiUl Jb iilkll ioiik obyj^Jl uo-ol'j 
k*L>Jl J_ajj l*^5j* «u» k-y* JjUsj ^ OijUII iilkll j JjUl Ik 
0-1 i-Jl»Jl ok ‘ l i >T>T i kiu> 7 1 kc i>jj l^j c*4j iJl> j] 
Ik , tfpJl iilok-^ ^ ji jij jl OijUll oUuj* ba oloLwJl oju M 
■ k J y* ^kkl 1 ji Jllj-Jl kc £>x U ^ a Lui 
y Oiilliu jL-*> Ijl *ji j^>Sl olj'k^l 0 * dlj tk 

• J ^ 1 f —^ 1 J! 0>—^ p -^ 1 6 - 1 u5j—3 ji «. J£xi SilkJI o|j 5jlj>Jl <>jj 

• U j* J&£\ I j* Jii j iJjlull iilkll ok 

i—>kj Jjl^ JJ o^-Lj o-* J-*ki jjJl oik I ijjl j>JI olkl 

‘j**-*^ 1 J*j J Zxt 

: Ol dlj j!s L-u^uj 

lilkU Jjlw j! yl* »jl^> li>jJ OjLu Ijl 

y_r>JI L^-jj o,u»Lij o**-* o^ iilkll Jjy ly viu>w ^ ^1 iJUll ok 

J*~l U o-Li »5jl>>JI jljj'lll p*k ylAi } . JjIyJI O^VI f-lrf Jyq li jM 
• liuljyjU J [jiukl j^jlilL 

ji £* lij 1 ^ o 1 / 1 i^> ji o>i> jk J5 ok-^ IjJ 

. ^k^ll £i Laj>i yljJi iJl> 

t^li C - baiw jjjl jiljjkH y-L^I IfkJj . J Osjlj OjLkl ok jjjj J 

Oylkl Ju^l yi J| |J_Jl ol^k 1 J-> ^Li OjUl ti» jl ulyi ♦ 

• ylj 5 '!* ijlj>Jl 4>jjJ jyo oli uW f ij.hjl L»j . i^ljkl 

. Jj'll <ii ill ^ « Jj*d ( * yjMb Ik ,jt* JIjJ 









( ojUU ifjl yyi\ yaljSOI ) ji* jjbJl j*iJI 



:ll-2 JJul 

ii> iilJj -0 ijjJ ^ jUJ 
<i> ttb -0 J US I <*2 j>i ii > tfbj 
j# ^ *iJ >» 


UL» JJ ( kilJLDl |U*»JI ) jxtyty Jyj lijj . oljilJjjill ^ IjjCLfL 6jl yx!l 
^u_w. v jl j! ^ u . 1 -j,i Luli jj d<lji oiLSj jy-~ u* sj jjl j> 
■ jMfj <Jt» J> L+^j J! jl3»j J 6J-4 ijlyjl 4*jJ ji jly'-. 

ifjl^l MlUl 11-2 


ojjJl jL»< Liljljj jiulj k ijLll JJ iiUsJi Jllul ii> U c3* ^jjoJ 
5j_S c«LS yj LS j^aS jUII ;>» jjj JS jUicI Jji wWjiiS lii5y , ji^jJ^JlS 
Ofry) CyljiJ Oj> LJlL lyJ tjjJl tit ji . J'uAj lit |»^-JL5 jlhii SjJLa 
j^aill ji Ij> t yJu> | i/ w ;i j oLLJl tit jLi . ltjj*a <LJjail LySyJ 
JJ y-Jb ■LSjtJl <L5U» JLiti y-lL* ^ b*} . Ix> lx> yM SjiU ^IjJi 
jjiJi dsj^i! ylSJI ollJl C)l ^i| JyUi liW«i . Llli^ll *Sj>Jl Silo 


•Lii yllii^l l^iij»> olb 

Clji » N.j jXkjjiuJlj Oj otj^>5 v jjill oti^jtJl jj l»l 

jykjSIl iJ* 6 h d^»b oL*« 4Uij • Ij#*S o£t jlWl jj-o^i fjt 
IJliulfl iiltu iijUu yjljjJI L#3SJ> <ilb jjiu d)jJ oyjj . Js^JJ 

. lyJLil ySaJ Kj 

<iLL*J OjjJl i-y'-u oUujtJl jls iyljjjJlj yHfcJUl <Sj>JI ^lilb Jj OLoj 
jjjj bit CuLuSJI ILiljJl Jk>y Ijbii . Ojlyit'lll iilliJl yjk olbJl b* lijli 
Ji Oiaiu yi yaJjjJI yillfj ^ i 11 2 JiiJI J J^l< 1 

^_3jb j_i "mi ji "ilt^ i-jjjju Ijjj^ 4 juJ Ujjiu l *^»ji J^iyi IxtJl iiaUjwl 
olb ,> ; U^*P <u±i & ptbJ jl i tijtU Olkll jjlCj . jy iiyjj 

4-LyUl bLiiuI «l Ulbi.ib Uuj^lt UlLj yjjljjJl ii\>j ibuu^ll iiJjJl 

jib ji yJi jiU3 jli J! OUJI iiibJi J JJj *lv ^ J 1 ^ 

u! J-; ( BjjJI Jjl>i <ll> y Li' olL>U cJUiil 41 lb ijyo 

olb JJ O* 6j>\ j ye JJ Oj«* IfL l»jjv 


• ( 

by£i jjJJlj ( oljjJl oj_^j£ oljDl JJ JiuJ LaL <ty-e jlSl oi>>il 
(}i oLLj^JJ >^Lj Ul»Jl tit . tjjJl LiLj oCj^*JI y J &i 1+Jli»^» 

by^i •!$—Ij ‘ jL>^l JAK) ^ tjili j^S; J . u LiV j jjb Siiy yjj jl yLiu 

CyJLtJl jj U Jil SjUI JJ oUll olbJI Cm LJ^I LSyJI Ulb 

1 1 1 liLl jlil jUll ollij^ biuli LIS LI illi ^1 p *-lL ^‘in ,i> jl LiSLj* jj'bl ill 
Oy-j i yi-** jLJI 3jI^> i>jj ILjjUl OjljtJl UtS ojlj LIS 
11-4 |um)I fyey tjljtJl i>jj ji ^jUl t^lij I j oLail tj'^yJl Cy tit 
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( iM ) jia. jjUJI j*iJ| 

J! «-iW Jii>Ji *JU jj Liu- jj^ii xLuji 

'^L^l olb^Jl bn Vjj ^ » t#5lj oll^jJI Jib »jv>Ui ^il^SJi 
Jib iSyJl ,> isjn :^i Jl jjj; 0 i ^ uUil i ; i ^ ^ ^ 
oUjLuU Cfvib 3,*i-4 5 ; ^ olSyJl DM jilZ oV'UJl Jj , bill 
oli^sJI »i» . o*l3 ol^l L*J jjl ())_) oljiU oll^UJl 
^1^1 otfpJ! dL* it^l ollJl Jj_^ L£ j yJl olfj*JL ^ 

liiU op jmUJI J^iJl oJl Li^i b t Ljlj*JI iiliJb 
. miSu^l 

oUJ ^Jl tilUl ^ ijlyjli . oIUIj Sjl^pJl o4 ( L> jjj JL» 

uyi ^ o ; i^ji ijlkii U. Uf5jij> ju ; j J5U>i jj ^ 

JU: Ujic_j, l+JljjJ 'oiljUl olS>JI J_oL 'will 1 j\ 

iJU J US 4 JiS Jj* 1 +m »J> difLw J L bU Jl ijlj^JI 

Ji ,ji ^jJl 0* U*^ ^ jtil Jjl^l joiD Uyi 

. olb Jl uLoll 

• <s>»ju m»*3jj oiuii ^ <jji j*jt ijyi 

milt Jl yl^>Sl y-bi Jj*uJ bill Jl a&Ul SjljjJl ji jjjjjJI b»j 

Jbj_; (ji o -JbS . -fcy Ui If-iUJ jjii o'sILul Jlu (jDj 4 H^b> 

• J* W! ttUl* ,)i < A » &w 3j> #jUU olLII 
4 —’lj J 0-6 milw 11 mm Ojlj_>JI L_ljj oJi jit (>13JI (jjui <*l+i JJ 

i)M jSl ^ 1 d* UjiJ 1 'iUi it* olrtiUUl Jj , liylS^I 
jti , 9jlj_>JI JA4JI (ji* mu3j iijU j* ji>0 ,> Jji 

kj.'jlj I LjliL Jtill ji> JL^i J oiyi d)j J J«* 

dJj J-Jj . ;-UJi UT Jo# *Liii lulj Jib ptijj Sj^UI ojlj> i>jj ji 
i* 1 j*—* ^iLi j-f 5 ; U Lfji (jp jJLJI (jijll oiyi 

r’^ 1 viLjy<-ii jy*j <i>ui ^uv'ii oij v j ; i^i jgji 

yL-1 j»-/ . j ; b ^0 jiL pjf o't'te bli . Ub K ^jjl bjljl 
bjb-Xi jl JJ d)j -i-uj jjUl Jl (j>Ul ^*>JI ^ Jlj^Jlill 
xJyj 0 i (jSU ijlj*JI ji oi*ji jjyul oljj»Lb $j 
j3'-ijJ)l yjUo ojuji jis. ^Ull i-i nr.. JvUjj , jillSull 

olA>yij ii'JaJJ olj>yi jj#* jJj Jy>j J^jj. OjLtjto**# 

• 5 j'^ ^J 1 /^ 1 
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( sjUU ) jit* jjtaJI J-mJ! 


t_M ii*s, 411 >J\ j 

Ulkl <^£,1*^ 

(aiui) oi*> ^ 

lAn ^ LH*jVl fk- > I4 A^jl 

C^- 1-tiiJl «>i jiiaii iUo jUJl JUAJ yi*i LI l**i> jjjliSijl pUrf 
oLw^xll '_ u ..‘j jiujliull wJl£l>^l jl «jt HL>Jl :1a Li . a,i.f. 1 

LjjljjJl Li ID I jySj al_»j . 4 JLu£ oll^ic o^jjl j^Jaw jl* 
^rf-k Jlio>% Lt^ijil i^yli,JI <3UaJI jjly ji Li^wP JyJl jiuj . LiU)'! 
squill < > *> » iK »ll LiLLJl ji Li Ik I tUu jjjli UJ jijjj Ilk , 3ji^> <lu» ^ 
. jljiil jJlu Ljljkl otk! ijlij J] Jjj; 


UJl^a! ir *_—j l—* ji < wifJJl j^ju 
4_ili> L*'J J Lxti 1 J 

Jii liiiii. Lj ji jk Lili* L jkJi 

J51—ill iaUil j* «Laili ilk 
»—< l| IVVikl ui*iu Jo jH J jk' 

• ^ Ajj yi 
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(wUD y*lj»JI ) j£* jjbJI j*ij| 

i jl^>JI <UjJj ; tbjjiJI ^ olj}l> 

j jl J! J*£) . o-L-i UjlSlj jLfll <5 jJ irt-USl pjkt j* la*lj ijjyjlj y,Lt*)| jAu 
»jL H| U J /U ytf o*» . jiUl Jj J/Il 6j*J< J! J^l A j yu 5jlj>JI l*L 

■ r* £- ai ^ '-^ J'*> iiLWl } y> > ijyo »jl^Jl jl £lSfll j£Jj Jljll j. bytf 

l^£Jj . Lii la* yj * j*WI fJ*lU i^Jl <**U< l*i* JSJ »jj*ll A' olf>^ ijl^llui, & iJlSlI ^ 

^ iL ^' y r~' A' • i o l ^ JI J ^' u^i J *54 j*b ^. Wi\ W J >rr ki 

otf ) Jxli* jAi Jl Sjl^fcJl J|y*J Jt l^Li bUl Xu* yet J y^i j^l j*il . « fit £*IUI ^\ 
«i5jl J> jUil» C\i j«>Ull UjUiI J*j ji* vi^ i ( Jlill Je. ioUjJl oL^lj ^UUl 
^ ■ ( ^^1 > ^ jLil ‘j'A 1 JW ^ ^ J^l : Sjt^U jb*-Li jlLiUi» JU* o^j 
lUb ^ . will o(^>. 3Sj> J* Ji*s Sjl^xJI J ^ jj| UlUl 

. will oL^ma) iijlj^'Jll W/JI ^ Jjl^l jl i**J oilS jj t ^Ifll \yc-jj yjjj! j* gUI jjiJl 

r* ‘ >Lyi ^ j5Li> 4 ^ ji ifa i5ill jJJl u-L'il J! ^ oils L>JI 4i> ^ 

J o*£& i> J* cS-^J *0^1 <1^1 jlS-l J-x*Jb j^| »jm oj^i jJj . JLjjJLSJl ^ ojLj 

. l. x I jSL J ^ Lit IjiLhjI 

t oUljiJl ^ jljiAl Js. 3 ja »JI <J < J5L ) £\* ^ISJI J (1) ; ^Ll ^ ^ 

' SjUl J! 3j 4 4u^lWl ji (2) I 5 -jUkJI J! jl JWJI J! (L+'H ^ j| uL^i ^ 

j 31 ^ 1 ^ yljJl/ ojIII ytAw oJsJJl u+J cJi 

yjLfjil Jjj ij-J y-L^ ylj l tiijll Jj ^ ^ jj OjLU j-uLUj^l ^jill J Jjs ) . jy»,jll 

y-j SjiSS olji will JIV% Jillj « jjjU JfUIl j-i * £*111 ijSi oi^L i, ^ • (OjUl i<l#J J#» JuO^ jJ C Jitell 

• ,> Oj^JI UjU* ^UJ| 

Cm >ii j-U jji»j &UI j.L^.'ili . LLf jjaLHI jili>Jl &, ^ ^Jfi j ^ jij 

wL); L*Ajy jl r L*^ { ll c*L-j jj— *> i4*I LS u JJi ipS Jl ijjGJI ^L-mj-SIi Lxu . d^jllfll 
Ujj ^Ujjl ±*j, pj*)l J] o^i; 4 * 4 * jl i J>b Jl ^Lj*i ^J| Jjjllili 

jj Julj^jl jl|-ail j|i jtf . 4uyi£lJ yliJI jiliSJI t_u^ f**J! JJ4 3 J^jJlSJI W? SjUJI j^l 

i_pQJl jiLiill 5jj dJiJ l_v3 jbjJj > jLf—«J*il Ltuu jJi^ UiU jjLj jljj; ^*»J| y j^jjl£j| 

■V 1 J-* ^ ^j 4 l^li OljjJlLbJ ^JJI yiLfaJl Jji ^ic Utlull Opy Jjj]l£U 

*Lp Oji oljjJI c* AwjUJI oljJlill C) t l> LjUll 

: j| J^jjlUli a-jj> ^julii-^i f u d^jjiiiJi OjL oUL>ki jik; ^ 

»jijMJi ui. 3jij_>Ji L^jj oij^G u»>-x»li .%)Ui L-ujt o*> v ^j*>Ji d/jjiiflij ^lili J^jJiiii 
'ij-aJ, LM tL» jj oljjJI ^ <LL>JI J X^L J^jJlSJI 6 L U^-ii C»^i Jii o-jwJIS Jjjb Jj>i LU iLi^l 
5^ dijjJliJl J y*li 31 ; ^-iJl JjjUl Jj^Jl i-U Glu y-SJ vij^j t JJ y,^ ^\£ ^ 

* >lllj jl tll*ll jl JjLJl OjlyjJl oiji jUtij y5li J35 . <Jl*15lJI JJ iLj-k>Jl ijjjl -ji 

k ijL 0< 5jUI dJ* ^J 1 W ji*i • *#U! will 6* ^j-*JI JjjJlfll >u 
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( ojLoJJ ) jLt JjbJl J^uUI 


i «j11i ji d^yifli jLsCUl JmJI y ijl^ll yu-j jlJJI <&] will jl* /jll JmmsJI jiy*j L«jua9 

L»/aJ **LjjJl£Jl i> b Jjj-u jl> ^ifl ■UoJ J] ftjLLI 3jlj> 4>jJ J-flu jl plAu li+Jj 
j-j *>S/ 0^ W** 4^ f>U jj Jjl-i JjjfUj cJjS y,lj jjfJlj k jj-ajb j/l^J jl^/il jtf 

^Lc j_i ojyf i-iiL LjjlsU /*i <*Ic ^ji viu> k bjjjl J] li/i jj-njk jjU 1775 ^ii. jJJI j/JI o J 
/.Jm k_JJ ^_lt Jlp}l jLuJI ^ oyji^o (jlS j . <l^b oljw JVa 4aJ)I 43ljl>J')l l/Ji 1790 

JjjLjil jSLuLSull JjLiJl jjl-i <JLyj Ujle JJLi* (ji k*» mi ^ill l-ijIaJI jj jj-iaJI J*JI lift . olUl £}lil 
IftJjl JJIjl^j k_>lilll JaP »|jjl jljAJub JjE ji lik>ll J* I JjiAA /£ J5Li^ OjIjaJI jJ/j yliiil IkJjj 

, ij^Ul jj*A <uU y$y>j Jj/JUJ jjxaj jX .m (>« jjb 5jl^*Jl (ji 3jii iu JJj ^li »luj uijL 

jj VjL>ki)l 0L» »jSi jA.Vllij . c5jtj_>JI Jl+JI ujj 0*^ Ifpl» yjUlJI uJv Jjy*j J/H JiS 
oJLS . jjjJJl Jj-»JI julc *Ul jjj jJ jjJJl LpL»j k ijjUlj *i>LJl ^La'JI fa (jjjl! jj jl /IJ aJjUj 

dLij^l^Jl k/L-JH l>uli jjjll ji jM (ii ki»jj> yjl*JI sj* faj |J killj £«j k 43Jl oli y j yjl»J 
fa 4_>JC 3jIj_>Ji yi j,jJL»j ouuil JjI^aII <U1a11I ojIaOI j* Ia^cj yjl^Jl »J» 43litf ^jl> jl J>b 

juljlj (ji kiiJI ^ 4^»JI fai l*4j . fa* IfJ oJu,| 'i (jj^JI Sob jc i*JU o»Jj i*!^ 1 

o-* ^JkftJl j* li* \ C>J^* j* iJ^uJl iLj^l^JI <ijbj (f^ Jit 

• g# tf* b ^ j i Jl ‘ ^ 

jJjij ^SJlikJI jAill fa yiDl jilSklll 0*31 j« J_jl(1889 - 1818) 

«I^Jl JLiiulj iijjlil aLkll Jlil>lj jljjJI pljLiOu^b OjIyJl J^_j3 j3 OjIaj J^i Jlj . *jl/*Ji 

'ilj 1849 fU jj^L-Sl ^ 3jSiJlfyi (yliJJ CiLUi jlei jij . till i-Jli *-U5i li'iljJI olj oll^JI 
k Xju L*J (jJli Jj^ k (j^a*L u-iLlJl JJ (jj ftJUl ^Llft'illj pjjkftjl jiJJI O* J^ U J! jM (ji li* j-kU 
j5Li rfauj k jJ'Jljj i$jL» yl-oJJl C*y*>) v jj^i jkli Jj lift . 1/1*1] j ^Ul Jl*j fad ■!>' ?) 

LSuaImjJ) JjSl j/Uil iLxJl ^llfJl J^LJI if-1 jJI jiJ^I jsijUl j» 1847 Jl^ Jyj , JjSfl J_j* ^Uj 
^3Lilli j_P fat ^Jkll Oy-JI jjj 4_iJL>Jl jjj . iiSJlSa* 4j>lj oUp UjLub 4jlj>Jl JftUL ^jlj k 4ijlj>JI 
LSalliJ' £*a f~»i fa ix>tj fauu k Liu ojU j*: ^/Jlj . 1 kilocalorie = 4184 N.m ‘ Sjl^xU jS&ISmI 
JyfJI |mI ji*. jjfa 3jk>yi jit fjJl jlkj ji jj] k-i*£ 'll . u^jlill 


6jlJ*JI olj>j 11-3 

4*-»L*il UfJj>j jji i olkll j/» j* jbjj-* iij'.pJI ollJlj SjIjaII jl kiy> 
jfai OjIjJaJI (j-UJ J^i C<ljL>j Jllkft jl_5 d)j . J>»JI J* SI f iyi J* 
^JjlU jl JJ ^-/l_} jllal |»JkAUi OljA^I «i* olli Jj 4 Olj>jJl 
1 j^l J*> 1/1^ J**ii> OllljU oljAjll »juft ji ijlajj , OlkJI j» Oj y> JjIjaJI jl 
. jL»l>b li* IfJ] j* y-b Vi 

3_u£ tli yt /-JJ JL^/lJlj i (cal) /—Jl j* oliAjil si» Jji 
. (l n C) DJL>lj 4^jJ*w <>jj «lll jft i>lj ^lj> ijl/> 4*;J jjjl iftjVUI OjljJI 
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( djUJJ ) ji# jjL>J| J*DI 


3 _»* . x»lj (kcal) jJL}5 ji, 1000 cal jjL*j ^JljAll ^aJi L*i 
ij->) 1-X|1 JLaj . ^1 ^«Jb 1*1 Cal IjJL* ywlil 

'-kyd\j't (Btu) u ^ j <Uil lajjJl 0,1 jjJ I oj>yi ^ j y,\ 

‘Ul yl J>lj ±i)L ij\j> i»jJ £>yJ SjIjaII Cui Ifjl yjt jj>yi 

■ w>*j <>jJ 

oL.Ui *ly>l/ Jycj uy-»^ fL* ‘ iilUl ( > 5 j>-> jjl^aJl $1 jib yi j*y 
ol W t ylSil j*t<u] ^ 

lullx^J 1 a^I i^yij (cal) yU i ^. *>1^. jj vaJiili 0,1^1 

: Jj*JI tth, (Btu) 

IcaU 4.184 J 
1 Btu = 1054 J 

^l^ljallbJI 11-4 

i£*i) 1 Hib*^ **U»Ji *y <ji ^ y* ^ p-* *jb* <>jJ gy 

^.P* - ylii ^>T ,> ^Jl ij_» JJ yLi; yb iyly^JJ ^UJ4 Alii jii*- 

y-* yL*iJ yl^ ijlj_xll ^UJL Jj ( y k u) U)(j L |k-> jjjj j lij^i lij i JilLj 
AiyyJlj oljtf uLoj Li£w . ojj^ jSSl >1 p-* JJ ^1 lia 
p - *^ iSj> yjjjl l»j^Jl 5jlj>JI y»i «j*j yj»u b*5' li*j ai» 

Pj J ^ ^ will d£J| jj>j J| j| js yLLJ J y>o ^1113yly>J| yi JjaJ 

• wLU IaC^JI OjIj^JI IUI pwL iu»lj jlji*j 

(J_y. c will jj m UjJ 4_ti Jl Q ijlyjjl j, iyi JiL; Luc i Jj tliy 
y* : yjj . AT ySJj i Li JjIUj aiiAJl ajj> o_,lj> <>jj ^jjjj 

<U_Jl C — -^r 
mai 

Q-cmAT ( 11 - 1 ) 

yi fPj Iia . J/kg.C 0 ^ taJl oli>j yi Jjjjiull yi Jy J U^bjj 

• iLib jLil; yi JJfij . cal/g.C“ y> L^JUiOwl ^lill oL»j)l 

1 cal/R.C n = 4184 J/kg.C 5 

JJ JLU IJjjJI yi v L«4U v>yi iJS}\ Jui } 3jQi J] ilLill ijl^l yj Q y)\ JJ^ • 
j^' AT>JI Li. JjIyJI liii will yi ^ JU LJL </ oltf ij.l Li, faUl 

• Jj 1 ^ 1 JUi/^U CK#ii ijlyxll L^jJ yi 
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( ojLU j*)l ) jtti- jjI»JI J^aaJI 


c = 1.000 cal/g.C u yi Jb.1. jljll uoa*) c pi 11-1 JjjjfJI J3U* 

^ Lijit IjjaJ yAM i^jlj>JI <a~JI j! jm LxJ jjy LJy*j . ‘Ill <Jt> J 
OjaJI O-jJ jj WjklL kill Jj.i>JL olLyJl pjlil j! jLlc' ySkfc; j£)j l 9jL»Jl 1 >jJ 
Lu—u s^t-ii 4_i*5 JJ ^LijJ ijlll ji ^liu ilJjj ijfii' r hd CuiS IjJ C\ 

C UJ jJU9 jlj llSj5 . yJAi jljilJ Ifjjlj* *>jJ Ji*" flj* I> 

5jj_a^ 3 oLx»S ijUl ya_UJ L»JU> jj_v5 ^uui T ijlll 3 jIj> 1>jJ jl J*j 

jl ^}yj yl LuSuy 11-2 jj 4 _UJUj Jfrf l* Ji *U^J . yl lflu -1 

<iLj_uJl oljLiil UL> Lu j*S'\ jjJuil oLiz-K, 1 ! £<Ij oljliD VfPjjJI ijljjll 
i cJiijJi iJll*Ji ^i^i j* *> 1*11 Cm Qyj ji illj, jjjJi LjL>' 

. jit jlllll J-aiH J jluaij CijlliL Ojllu Li Ijjj 

jijil >J 4jjl^1 i*J\ ; 11-1 Jji* 


.c(jikg.n 

c (c ullg.C 0 ) 

6 jUI 

4184 

1.000 

«U 

3470 

0.83 


2300 

0.55 

(J^DJAIJ^ 

2100 

0,51 


2100 

0.50 

(0°C) gB 

1920 

0.46 

*(100°C) ,Lio 

880 

0.21 


600 

0.15 


460 

0.11 

■>iJ> 

390 

0.093 


140 

0.033 


130 

0.031 

y-Uj 


^fO-Jl O^J1 jit » 


: 11-1 Jii* 

J| 18.0 n 0 .j-. *UI j-. 400 g (i) ijl j> 1 >jJ >iJ Lj*ll Sjl^Jl ^ ^ L 
? 18.0°C JI 23.0T, <> ^Uill > 400 g ( v ) ? 23.0 U C 


1 


i ^ahU JV dlul 


? ijlyJi J iilili 3jlj*)l <&$ j** ifaUII U : Jlj-i 

: ipyl\ ijlll SJiS Ji iiSJl *i* : 4 jI*)!• 

Q = cm AT 
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( OjLU <ijjl j>JI ) jitfi JjL>J| J^AiJI 


f lf*L>uJ ^j^Jl ^ U : Jljw 
. Q j m ja Ji ol±>j £_. Lcyj! olj>j jto jl 

oli>j]l iljJ jljUil 11 1 

i A mi^iI <«lij J*J| 

Q = (1.00 cal/g. C*)(400 g)( + 5.00 C*) = 2000 cal (i) 
: SI oiji>yi |tta>awLj 

Q = (4184 J/kg. C°)(0.400 kg)(+5.00 C") = 8870 J 

^buU irfyJl »jlj*jl u» c yij ; A? “ -5.00 C" yi Job'll (lj) 

Q = (0.093 cal/g. C°)(400 g)(-5.00 C°) = -190 cal = -780 J 
(v) yjj ‘ (**&■}• Q 3jL-iJ) »lil JJ iiUu Sjlj*Jl (i) *j»JI J 
. (<JL Q jjLi]) ^UJI jt JolJj 
o-» Wl ^(**3 yjlxJl yj 700 g U ; ji <uAJ 5,1^1 <>jj ; Jjj&j 
. 17.5’C : ol>Vl, 16.0 U C !*jlj> o-jj oil* lij 400 J U.i i ; Ui 


Ojlj>j jLUJ! 11-5 


jJ£ JiLJI ^1 (> . U JiL j*J li Ujjji viO** L y^ll yiiluJ 


olj yjL>uJ! Jfcj ) . Li Jl> JI Ojj UjLu* Ojjl*3 ,JyLt jiuyJI l^Juy ^1* 
JJL-Jl jwL j ji* AJj-^jll otijj*Jl JI Ijjlsj Ijjj , ( LLi 4*j(^ 5 4jui> 
; u-ilj . Uiyi uLil Jj yj^Jl H L fM <*JUJl j! 

Ij_> tj^-jS ollj jIa JJiJl yl 1 oljUJl Ul> ji LS 
U$*i djjj 10-6 t^jJI Jjy l« Ijjfcj ; Ojlj»JI i5j>JI yjy 



JI <bLJI <JUII jj iL'jj D^»oi JiL-Jl Jm ei» JI* jl 
. JUAaduJI ji J _ l > l jib <uLmJ| ) 1» i OjUJl iiJlx'l 
jjji >ll)3 u(l <■ j* j 1 ** ^ jltl ji 1 Jojj 

L>jJ yU p) jtj . j3njlJI <ol*P »l <LuLlll oOu^xll iilb kw^Li yjij JI 

; ijlj—>Jl ji lUi* • 0* 'r*^ JJUl »jlj> 

<JiJL>JI iLt jj— Ju JJ liltfj li jjij iA»i oHjj*Jl is"j> iilkl yjUu . ^Lu 
. JjLil IjjjW s-U-O jioiJl y4 


, Jit, ,U| jLM ^u^ JiLJl ^ * ** ^ Ul li! 411 J ^‘ ^ J3 > ^ 

JJ—JI uLLJJ AX j jLJ) j-iJIj 1 lUjJ <—ij^Ul 0LUI 4jJ Jjj* . iilkllj UjJjJj yjjj««Jl y* yli 

» i lUliH >*.l t. Ujl Ur m. \ J A ', 

. jui j jim : ^ 1 j ^ 1 V/* 1 J! 5jl1 ^ 
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( wUU OjIyJl ^IjiJI) ji* jjL»J| 


jj^Jl j! JJUI j^jJI jj ojUI j* iL&JI 3o>j i*jMJI <JWl j»Jj 
■ SjUI aUj (ffj jt>+i ijj>y ( jjUJI) 

Q = mH v (11-2) 

JJLJI jj_U! JJ (ijLiJl jyS Jl j* JjUI !> Uj&ll 0J>j Ji£u Loifij 
H v pJ H-2 J^jaJI j SjUI j4 UUJI (> L*£ll jjj> ^ jlU 

. ttjllll jljll 

Sjytll jljll j^xjuII 5jlj> 11-2 Jjo> 


a, h u ^Lutisui m 


kJIkg call/* kJ/kg cnllg 

<°C) 

ra 


1.25 

5.2 

5.0 

21 

-269 

270 


3.3 

13.8 

51 

210 

-183 

-219 

j*»Ul 

6.1 

25.5 

48 

200 

-196 

210 


25 

105 

204 

854 

78 

-114 

(JMJrS)Wi 

2.8 

11.7 

65 

270 

357 

-39 


80 

335 

539 

2260 

100 

0 

4. 

5.9 

23 

205 

858 

1750 

357 


95 

397 

2520 

10500 

2450 

660 

r^' 

15.4 

64 

377 

1580 

2660 

1063 

v*j 

49 

205 

1150 

4810 

2595 

1083 



lal.m jjJluiJ. ok -■ 


U p*_J twin jSij , <l>lj USj 0)1>JI oLeliill jjSUl LU JJUI 
MJl—. UjjJ j! oiyji . jUJliuL? y> l> My jl i_l>u LImJ I ijj Aijiao 
oi-J df)^ uS^ll li* JL ^ . 11-3 J£DL jUl$ jLu *-LiJ ji »yUj 

^Lu^Ul JJ-> Jjl—JI j_» DjUjdll oLJjj>JI JJ—t j\Ju L.U* Sjlivjj JJUl 

1>-Mj«J-* jljlMl Jl> JJLJI jliy ixU ^ui . JJLJI JJ jlioll jj iilill 
<->jJ tjLjjj jl j\—i jl3-uJI lUJ jli UJLj . JJLJJ ( ijjLxJI 1>« nil t\ ) jliaJl 

t IjU . 

:ll-4 JsA jjb ol>J < >l» i kLLi / ■ >»i -tub »LJ ^ JJL ji iu*S LjjJ jl j^ll ji/ji 

til j J J yl) i-- 1 ,1 Jl JLkS L jj 

1-f.UiSi Jib jli^ll hM Uifc oLi *)* 11 J! ‘j-l 1 «-» /JJJ; l H-4 JS4J1; £**« LS iUJl 

■ J>—»yfc ;>J j*>* ^ f **-> ja 1 JJUI j>lj oU^ «*JLUI olS^JJ I>j JJUI J>lj 

• . _ . . 

1^ ./hi jp 1$ litxl lilLJI jj Lili oUjUl jj IcjiVi • ■ ji ^>li 
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r* h 


ill-6 Jli 

h iuill jji) Uiic T a L.; j IX 
7’ Sir J 

. P f yJl iai-iJl iijj i* 


( SjLU Lj^l yJjiJI) ji* JjUJl JJJI 

yi-V j>x w jijit) ; JiUl Jib k Ui jl k Jl> ji> jfili JJjy ; jAaJI 
cjjll , J>b kiL p&ji fj y*j ; UttJl Jl JiUl J* oliyjjl 
<>J J jip jlLjl lxLjJ LjUi W J| k. tjjlll J_»lj jlbjl 1 > k.U J_flU (jl (jSLu 
lj*A*> uuiDl JibLUl j^L-j > , Ai >'u Sjl^>JI l>jj oulS* I jli , JiUl ijlj> 
01 L*i . Jil—Jl pla_w ^JU (jj_xJI JmLaJI jJli ojvj Lliij Oj^*i J| JjJj Lu 
,j-« L«jj k IjaaS yiDl Jib LLaJI (j^ J yi LiJj* SjIjaJI i>jj oilS 
k-i^-Mfcij UUJl oj_» j-i) , lS^kJI hi.All jJljJ 4 vj'ii JiUl Jib iuLoll 
jj_u jj k jLiJL Aiii* •Lclii (j^ll ^i_oi ^jjJl , h_i2jJI Jib JLaJJl ijbjl 
l^Jjbio (j_4 jj&l k Lfiliill j_U JjJjll j-Akll »«J jjj\j Ck>j) , LlZill 
j-iJl SjaUsJI k JiLJl ^Jx-» Jl ililu)l £_*3J! 1 ol^ji^ll 

^ m J LLp c>> LJt> Jl J-tAj JiLJl jl kij—* 05*j . ylJJl ^-/L LfjjAj 
j j->Jl k i-oJl kj JiLJl jliy JLa iijLiM jSJ Li Li <>jjj Lib jjijJi L>-jj 
Lui JiLJl Jib ^Jkij jliJL Lilli okliill jiiu jj.liii , 4 xU jjl 

. jljiiJLj 

h- i i ll w ULi jliuJl kii LaJp JjLLu Jill OjbUI LfcjJ Juh JiLJl Jixj 

.jjui^y 

1 yi U^j k »Ul i)l> ^ 101 kPa lijL^ 100 U C <>jj Jp jL>^ll kLj yi kiy>j 
^ (i^j»Jl JduLaII . 100°C <>y jJ Lb JL» »Ul jli i l atm = 101 kPa 
ojlj» JL »UI JlJiJj k iii 80 kPa J! J-»i (ji jS-i i*JLJI >L1I 
Lj^l Jilpl jiju (jLJU Jali 11-2 JjJufJl JiLy 0* . 94“C Jl^> Juls jkllil 
bill (jLb Laii y^LLj . ( P a - 101 kPa ) jLmII ^^Jl Li,All jj£ 
11-5 JiuiJL yJLS J-A»o lJ}* Lil# JliuJl v^iLJj <iiiX4 aJsoam 

, j j . >ul l j — o uj L jLiJb JiLJl ( j,u J-oUl Li. 1 \ ‘111 <JL> J 
Lk> ^—~>y 4 j^iwJI j—kXLI joM liw JUr JiUl jlj£ <isi» 

Jaii (j_i Jy*i ili—L . j-lxill oJslii 4_luj X>y ^ kuijJl ijk* jL Lijl 
iuLiJI jub LjJUI yliJl L^jJ Jf J-oxi jOSl j^xJI tii ^lilli 
J-SJJi ji~<j JJjJj k jjbJi U Jli* (jLJJi jl ^ilL jjjJI j*j . JJ* 

^LiijL *Lil jL^li L>jj ^)l 11-5 J-£ill j* Ja*'!. jjW 1 jLj y % 11-5 

. Lb LUl 

(j|j jjJJI jj Ji-ij •uIaaj ojlil J* LjP jJ LjuP *ii l*Li yi ^fll (> 
yl Jj djUI 5jl j_> L>jj jjJii V l^jk-d^j Lliylil ji ojLII Jj oUll 
«LLI ,j-j jj knxi jiJI Ja^I L 00 . JJ t#JL5L <UyJI j<jt> 

bJ »jlj->JI jJJj k Lup J£J *Ul jUi kJA-w kJ^- illj jli JJi 
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(wUl) ijJ jM Jl ^IjfcJI) ft jjUI! >UI 



<“> 


♦US Jj»j (i) : jjLll jki&L. ji>3 

JiL-yJ Jjjjl 

4—^ dj~»- (v) * 

j-A i> omP 

.(^U5)jjli4 


UmJ! -dlL jjjkjJ jle Jj JJL j* BjLLI jd> ^*Jj <u>La 1I ijljjJI jl ^JUj. wji 
, 11-2 UjLuil l*JJ will j*ioJ 4jlJr»j 

jI^juVI 5jl j>j 11-6 

jlf-Al'lll J_dj , J— <Lill k*-ijJl COki 0 V C l>jj lie gtijl oljjL }i-au 

iuwv «iu*> i pJja lij J—u jj i+ijk jJUl jj ‘Ul oli^> jjSj 
_*f~aU . olxij^j! jxj UjLuil Lyill yjlkull 3jj *kJjj Ifjuoji ^3 oLujkJ' 

I ( jjiy ^ f. i\ { 'll > * i j> i ^JbJl v_uj^jJl lj_» j j oli^l fps jl ^-L>y ijjlLJI 
. ijlj> ajjx Ja SiUsJl >j+) ojUl jiy 5jUj i lilt JJ uL*Jl tii . Lkii* 

J-ie jlj—aj'll ij-w l^jli UjjjL 3jli j-ij—u lie ui jjj JJj jj ^-ujj 

ijLil j_# juill k-JjJI JJ J^ld i+i Sjlj>Jl oifr j i U IjJj . <±iK> 5jlj> K>\i 
. OljjJJl «,,_! *> j\j, ,- rt ll pu ji JJ kill ijl^kJl i>jJ J£u jj-i JJUlj UjjLJl 
j^Aj Uiyjj «_t>v ^j^JI will t jlf-ail etui) 3 jU JSJj 

, i»jill sii lie - jL^juVl *jlj> j* 

jU-J JJUl jjJdl JJ oJ*flll jjUl j* <llSlll 41>j jjL Jilui iiplll 4jl^>Jl Ui5 

, [tif) will jlfJul Sjl> 

Q = mH( (11-3) 

j j->£ Ju J1LJI ji_LJl Jj i il.rtll j»kll jj BjLLI j« <li£JI oi>j J»>jj Itilej 
, will j* iilkll j* UAII sik jUj 

l^_l«j>j ‘Lijl 1 j ii: jail i y will JJ Hi Loll ojljjJI jli ^jjaiJI Ul> ji LBj 
ji J! Mill ijljiv LkjJ j*JU ■i i^^UI JJ ilje-Jl j* jl ilyjl JJ O^LtfJl j» 
• l^ U^L ujaII jjL jJuj 

s 11—2 Jji>Jl i 33G kJ/kg (80 cal/j?) iJjLj ‘111 jL^jjI ojlj>j 

jljJI jj-kjj ijlj^j jLfJul ijlj> jl -Jx**!! , Jji^l Jljll i^ bajJ jlj-*i*)ll ijl*» 

j_» jiil ( ^JLL^JI Jj_>£Jl) i *Ul£ ; 4*lujkjji*$_Jl ul^ljJI olj 

V IjU . j>Sl 

wUl jJuLi liLi . ^LLill j_le ji £Lii jii lii; JiUl io< lai j&kj jl «u 
i'jLw jj» llij . LjuaJI 3jL\j kijw jlfjj'ij'ibij jlj Uiakli jje w i*ilj 
)xj> t iiswJl lie jjajj i ‘lil^ ; jljll j* Mji jilj . Jj»a 5L jijll pLu 
jLi JJiJ . jljJl ti_k J_li itjfj U>L jjLijvl JJImjJI jjl^j uij— ill>JI 
3j-k ^jj , UikO ^Jlll jlf-sjl J-i <ili* J-ai Ja 4Ul ^ie ^Ijill hiue 

j_5ujj , «lll j* jJj ‘Li*j ^xiJI 41)1 ^ uajJl ^ LkJjju j^ljill jjSy ilUJl 
^jJI ji>ill U*j t will jlfjjl jixlw Laj uIaj-% JjUl lik 4k>^4 
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( ojUI ^IpJI) ji* jjl*JI j*All 



11-6 j a 

^ 1M Ao ' ^ A-» juW J4S 0* 

■ J-*W jlf-fti’il ji . jjJjSUl jy—.$1 ^Lij *LD <juJL olilfeill 

j-*j . L ujj jjSj oli > i> . iH jju» jl_j i JmLaII ^1* IjLipI 

i lii jjj£]l 0#-ii jjjlji i jljJH fjj*l jlfusu'jll J*i ji lii it*5UU 
, vJL-. jjm J** lj j jii »QI Ju>*4 jli dJj ji y«S*JI ^Uj . (#.y j»L 
»Lll ji I_LL» j4*i U« I jlf.ol'jll 1 >jJ Jtfliijl uju-J iuL^Jl 5 jU} ji j MJ lj* 

CJLa^w jjfi JAtli 

jjLII jLi i jP JiajJI Ji IS] <ji Uui Jjlill j^tJi jLrf ^tj vw ' 9 ^ 

• '-^1 J* jjjll uj J JjWI jj oLJI j)L)l j* J^j*i! ji j£*j 

J^l ^LJi j-i>v»i L^i 11-6 Jiill ji-aijj li» 4 jrfLiJI I^LmII Bj*j 
j^l ^ LJUJI fj ^ jrfl\ iyi\ L>1 . j Mj SJI Ji^i iill ji 

. j m fr l iJJ j^ijJI 

oLixJI Ujie ^Uii 5j>lj itiu »jL* Jil ji JiS 11-6 Jiill -iy 
lx*dl j* liijj Jj« ^1 4J»ii)l «jl* . Jjl*U iiliiil j# 3JL>UJl 
, will dtJ kJ^JJI aJwuJI ; (ijji Jj 5 jL ji Jlliu jjjlj 4 5jl^>JI 

o.orc ijljjJl L»^j j_k ±>y .U1 ieJ^Ul Uulll ji Jlill ji A>j ji liiiwj 
^lj»! up jj-o^JI J*-ii uu ^ ui i (0.006 atm) 4.58 torr iuUJIj 
. 5.11 atm j -56.6°C la ififfl ^Ji 
jLS Ijj OiJl> jfug ^ jil-uJl ji 11-6 JiiJl ji Jjj jl luii^j 
jJUi AB jLk*Jl Jj^j ; 3 jUJ Ly'iUJI LLUI ia LlJI jt Jii Sjlll ^1* 
jti^l Aj^i j,Ij ji Lii5j. j^jSill j^_«5i till ^iLi jiiLJ 
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(8jUU ^.pjl) yit jjl*JI JrfiJI 

Oblc k^ail j-i Jji 1 atm jS' dLJjj ; jUaJII j_pJi LaJJI j if 
JJLJI JjLJl J| CO 2 Jv>j jli JJj jie ‘Liij , ajlil oj^J iLu^UJl <m!II 
i U> Jwjji ^LoJI j! JjL jjj . 5.11 atm yt JmJJI sjL\ ^vlj_u 
a) Lf-oj'lll j_3jl^ ylLiy* yjijjJlj jl+^l jl L5 UUi t jrfLuJI ijlj> p*[t 

. li-p-lltli JjLJl jAXuI^ 

11-1 jMy Jli< 

JJ JiLJI Lil Jt (I) *111 ,> 50 g y* SjIj*Ji 4**$ j* li 

L>jj Alt JiL, JJ jl_>y j_« IfJlyj Aat (u) ? 0"C i^j-jj ait jj^JI j^kll 

r ioo^c 

: jiUJVai-l 

■ jjj . oLLJl jj mHf LjJ ■Uii Lp* m JllJl yjLn Utlt (I) 
Q = mHf = (50 g)(80 cal/g) = 4000 cal = 16,700 J 
: dtj mH v ^«LJ lfii£ oie jle <> m L,ji <tS Sjyvill »jly>Jl Lu5’ (u) 
Q = mH v • (50 g)(539 cal/g) * 27,000 cal = 113,000 J 

iJjlilL ijlj-»Jl y-* 1 Ji-ji jiS\ JJ>J *1* JJ jlio j> JyjlJl JjaJI yl 

. Ji JJ *L ,> jjjLli JjaJL 
, 327°C Lkjj j_it y*L»y)l j* 500 g yf^»J 3jly>JI 4**S U : j^*5 
. 4.29 x 105 J : oL>)’l 


( <U#5 11-7 

J 'f-l )lf> j*j i jA-JI *lij ^ iiiiUil OjLJl y* yJ£Jl JyAO 

. Lo>JI ia_~/j]l j» IfJJ jl Lfu yi OjljAll ^ J . U i u li ^ i*ij Vi LjIj> V«t jljll 
<>♦ 3jly>JI y£ju 1 ij ; yAfS A* Jl ljtf> lyA-a JjWl y-_^yjJl 5 jJjL 5 
^IjjJlj 4 l » vi jjJI £«}Ul jjaJI t^UJl J_aij jjJjll yjyll 

Iaj» 4_J>li jxa 11-11 JJ 11-9 ►Ijjv’ill |_jjj ujj-ij , im 

. kuvjl kfjll yt bjlyv “ll'yt y»jiyiJl otji»a Jjt y ^xJl 

J* ..ill J_9 Lj—/ 4 fl~i>« 3jly> oL>jJ olj ^iil jl yjjli Luj Ll y^jiul 

4_>yJ yJi J! lfJU4> JuaJ y! JJ LfL i^ljjJI 4>ll»Jl JjLu (Jj- j'jil eA> 

IfJ&u H 3JLUI /ji Lii-i>j . i5jly-*!l 0^*^' J! J—" C>' Jl ‘ Sylyvll 
rljuuLil JJ bjjij Ollall ‘Ob yjiH y[3 ■ jA-Jb )jj>jll jljll JJ jl yj Jllu^ll 
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( wUU Arfjl_pJI ) jS» JjbJI JjiJI 

Djlj^Jl oUSj 4 oI^hw lu-JllI 5jlj_>JI ji Uj^l Ijl ; li* 
: (jl3 4 <jJL oljjju tjyuii 

!/* jjL: ^«-Jl J>ij o'JljLill £^ 4*4 

Jib Jj^ll plkD Aolill UtUl ; »jy*l\ J» >1 wjLl# ji.li Ik ^ 

. jwi 'i jXmJI 

Ojl^l o’ijlfSlI U* ^l^il i ttAl Jlk* ^jJLc 5 j5jUI oi» jj*: Jjj 

. LjJULo jj yJi 

J| T 0 L«ljil Sjljj. L>jj ,> m Lyj iJU5 ;jlj> |j!. l 

ji i^| ijl^l ^ J 11-1 UjLJI oli 4 7} ^ ijl^ 

■ :6p 

Q = mc(T,-T 0 ) 

oL^-jj ^ie ki i J-JxL* Ijji jSjj , 5 jUU i*PjJJl Ly^Jl oJl c 

jjQ! ^ J j*i l^i *51 ^sli y^J| 


11-7 JC 

j_iij3 IjL, Jt «>jaJ iJU| jjp 
L^jj y_ii j—; ^ ifijj* 4jj 

<—M • T f JI 4 —Wi 

JIm 14 I& ;jun 

(jM»®) iiai j, *juj jk 

« J yl 4>> k* iik • 

V*—1 k>. djj J*y . 4JS SjUH 
■ <-*jJ £U3j» iitlul) 

• Ji* 



UjUi ji 11-2 UlUll xju . Mill ,> m U,ji ^5 jl^i jit. 2 
oySj ihljxll ijljjJl <jli VL> ui 4 Q f m+mH f 6) \^j 


Q, = -mti { 

ofi UjLII SjI^jJI ji 11-3 iljUll ^jjj 4 m k,J jjQl j, <tiS jkj jic. 3 

■ Q„“ tSjLu JjIjaJI Jjl^jjl jjj jjQl Ajjk uuSj jitj ; r +n\H 
w **) 5jUl iLSjll ijl^Jl oW 11-7 JiJjl ^j 

Lrfjill ijl^Jli i jy U\ JMi»L Jliij ojljaJ! o< Ik A>Xij . 4*jjUl 

Lifcj . JiLJI *U! UL> 4 ^ {>_» «tia . Jlill J 4 jw ^ 4 411 jlkj ^HSJ 
jiJj »Lui ojUI *k—Ij; jjjiil! ji k^5Lll jjl^Ji J l^ik^jl. ibUl UuJj’il 


, EjU! tk jjlj> i>jj jpj 'i jjUl 


-412- 









( ojUJU J4dl 


: 11-2 JCU 

i M ^Jll <_L£ L» . OST <_*jj xl* ij+JJI j_i 200 g J* yUl» [Sy*i 
Jjj»I ? 60°C J| 5jlj> i>jj ji*M IfiiUj p^Jl i 0°C Cjlj> 

. Jli* ^L»jiJl oi c4/*l Jl 4 ctaLill JJ i> 

t0r iLLi*JVjLLu,l 

? Jijll lid ^ Aj>j yJI o'ljIfiJI U : J'j»i 
jIxJuj J_ii lfJj(j» <-»;J Cfl Sjlj-xJl j-* 4-ui Q^fjUl JL uC Jiyj> *-^l>)fl 
4_At^jJl yl jLfitl j-iuj k till i^« LLi ’it^ll jl ^jLj . 38°C 
jjlj_>JI <_4$ yL*>J Ojfll oUyi J4 14 jJvu kllljuj . C - 1.0 cal/g . c: 
jS'l lllc . ijlyjl jj 44Jl oi» jJj u .^ 4^» oli ^11 1 LI , ijyill 

. gllll iltf V L> 
V Sjlj*Jl tlk 411 > i g*>^i Ljup ki/i>o ijL : Jljw 

411 JS J^j C jijAJ . a^lfAjI till rJjJl { JMJ <jy i 'iji : 

. (11-7 J4i ) 4jj\j> <*jJ £>j JJ jjl^>JJ CtfLxul JJy sjy i JiL- ‘L J] 
? ^Ill J-a^ jjl^> ji J! : JI*-< 
jlj-jll joOL Ji» ijl^aJl l>jj k>*ij JJ ‘LI J-a* jl 
JjL-fci t o 14 »mJJ Lai ; Sj+illj ‘Lit ijllfll . jj| !ijlj>- (| 

. 60 5 C 

? tUlj 411 <kJ^ Laill 5jlj>JJ y> L ; JIjj 

colli 0jlj4l = Q sajli = Mh f + cAf(60°C 0 D C) . ifof 
tLU ^jill SjL4l c *iy> 

: jH 9^41 <kJjj ojyill 5jlj*Jl *£♦$: 244Li*)lj J»Jl 
Q lMl »(1.0 cal/g. 01(200 gX-38 C°) = -7600 cal 

: ^1114iu»l^ Culdil Sjl^Jl cAj c*ill ji» 9i«Lu4« 

Q |iin = M(80 cal/g) + Af( 1.0 cal/g. CK+60 Cl = 7600 cal 
LpS jlf-wHl jl kfc^ . 54.3 g jjLJ M $ j^L. U^UI W J>;j 
L»j4 9 jlj_> s, Ll^ 4 IjljjJl (54.3 g)(80 cal/g) = 4344 cal Lji 
, 60T Jl Jfoaill jlll \j\J> i>jj J 3256 cal 
. Jaii 40 g liLaii 411 >uA cuL' Ijl < 214)1 <>jj j>y : j 
68 n C : 


-413- 







( 5jUU A^jlyJI ) ye jjUJI J*a)I 


: 11-3 Jli* 

JL_m f —s*» jj 10(J g C IfJj \j> 80.0 g 4-illi 'jJi j-t odaJ oJsLJ 

? c* jlUI Vji»l tyyJl y U . 18.0*C jLrf O^JI 6 * 400 g Jt ^ 
. cu)U c = 0.650 cal/g. C° 

I ^ fl lx' l* JVJLUkI 

? 5JUl ai» y VjIj^JI o^jIjuII U : Jlj* 
. 23. l‘C Jl 100 U C 6-4 sj^fJ »Uil ojlj^J! j_. 3*^ jiill jUi Jj* ; ol>VI 
L>**j Jl 18.0°C 6 * tf/y *>jJ ji*J ‘OjI SjIyJl i**5 jJu v=j^jJI ux-aij kjk-j 
4J-* oL*>J 4-^ilS ollwJi oLfUU i 23.1®C yj SjIyJI i»jj 

. jjiyJ! j« 

t •+* jLc jjIuj yjl UjUII y l» ; Jly 

: ^ 

(80.0 g)(c w X-76.9 C 9 ) + (400 gX0.650 cal/g . C U X+5.10 C D ) * 0 

. ijyai\ Js- Lfy'oS lljUil oj* i LliLUJij Jx)1 

-(6150 g.C°)c„ + 1330 cal = 0 

c m = 0.216 cal/g. C u J* c„ Jj L-ilL ibUll jo* J*g 


: 11-4 JO* 

jli—. jM. Ijl . 20 U C i_>jj j_ 1 p J+ 13 JI ji 500 g Jt jiS j>l>j «L»J 
jt -*+* jlx-Jl OjxL« vjiJf 64 /J 1 y U* 1 jw))l y 70 W Cjji yl^ 

j-» 4—15 411*3-0 oi^ySJl ojjiJI J utfjSilj jli-ll ill5 J*a| * jjjjl ,> 30 g 

lui 6 +^-“ 

. y t ru i JVJiuil 

jwjll 6* 40 g yj'iUI AiLLJl <uS yLkxl I^Li^aj ^jiUl oUlul! y U ; Jly 
ilolill ijlyjl* oUii l»yj jji^U i^tyll SjIyJl < r x3^ 4 j 1 >VI 
V SjIyJl Cm51 j-oL jJl jrUJuJl y> U ; Jljw 

Jfj 64W1 *->jJ J! ( 500 g ) IfJi J#5jJI <f»5 6+^-" 

30 g ojiUl 4 _m 15!I ijlyJlj JwjJl iJ^ji vi^j iJjAfj 1 y%*3 jl Oji> 

: yjj . <1* 

Q = (500 gXcX7y, - 20*0 ♦ (30 g)H 0 










( ojUJU ) jiit jjUJI JmmJI 


? Ch3*W ‘ 70 W 4 jliJi ijJ» U : Jlj- 
ji t 1 W = 1 J/s (jl Lfj . ji^ll / oUJI * ijjill ji jJj; : <ub>')!l 
jAt (Lojj . SI oL>/y LmI c jjij ji «_o>j i SI slku oLjUli oi» 
.Q(J) 9(70^0^^' SJjUoii Ji 
! 11 2 J 11 1 ji oIImII oliyi pljb>0L)l^ Q v-jUb V j : AJiJLUlj Jjv'1 
Q = (0.500 kgX 140 J/kg. C°K357 - 20)C° + (0.30 kg)(2.7 x 10» J/kg) 

= 31,000 J 

. yi y^til jijll j[j i 

/ = (J / 70 W - (31,000,1)/(70 J/g) = 450 g = 7.5 min 
4_>jJ *L« j_i 50 g j j jlx-Jl Ii-» Ojai-u J ill jijll L : 

. 27 min : U*Vl p 100°C Cj\j> 


: 11-5 Jlli 

j-» ylt-L 100 m/g Lkjji c£j —»j jj—o 10 g ^LsjJi ji oujJm! 
V pjLolU 4_»oo yvyuiU <Jlk)l ijl^> i>jj y j* U . <£ cuiJuli yi*JI 
Uj>j ulkll oll> J] lyJu^L juu liyJi oll> ji ^ jj 

I ^^ilxU JYjCLwI 

V jji-J! JJ <uUaJl Jyj tliJl 9jJ^Xll SjIjaII <^>5 yi U : Jl_y 
AKE| 0 „ = Q ^ : <L15 <ilW KE ^Ls 4*21 • ij*)\ 

v ulLJi ISllu i->jj Ju^lll iljl*ll L» : JIL> 
^•mu 2 - mcAT : iA>}ll 
; Jl£ J-au>J i 11-1 JjixJb »(1 m1I ; C <Ua 5 ^jilob i iLiiliiJlj J 9 JI 

aT _ (1/2 )u 2 (il.ft)(1(H)m/s) 2 

< “ 1.3X10 2 J/kK.°C 

= 39 C u 

AT jl ll>^l , jiJJ yb LS jAajJI lyiv A—! yuU>j oU>jH jl ji jA>uj jl wbit 
• «r JI J 1 ** jl* ^ 

Ifjji y* *_>jj jli 1 20'C o M I oLsVl 4_>jj oils lj[i » ckj 
i 600 m/s UjIJLi btj-o <Sj>ai UJUI cul51jjj . yyjiJl; 59°C jj£l* 

Jl*_> ,A V.>lc < _i*il^ Jl L^ljl j> <>jj -j 1 ijH 36 jiAiy AT yifL^Sj jy 
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(wLU ^lyJI) jbt jjW! j* *Dl 

jUJlfj I UjiJl »i> J| Jj jj iiltJl 1430°C 

• ^ 4a * j ‘W C£* . o-*** iLUl oLL>jl ^ 


11-2 yuj>y J1 m 

JjU; >*JI y* 1 kg JSI LjIoaII Ml ji ojiDI y o^iill j£ Uoip 
<-H* y-^ 1 C*s-^l jj >jjl Jjjv Ijj oi ^ djj jLi 2600 Cal 
J*Uj ^ f Lddl ^ »,|^J| ^1 J* ) . f \y. y^ JiJ sy^i ^ 2600 kcal 
■ fy. J* py-'i c>* *ilWi «jiyJi M jj*. { U x> jj oU j,\^ 

: jiku JVjiLri 

1 y*~ J! o*-*- 1 j* i^Mi oiM 1 <> i*»yJi yU)i ui» . ;i:i. 

ol^ ^iyi ji jU oljUl »j* o' • 3000 Cal } 2000 Cal & lyo 

r^ ^ ,J ^ ±*4') ^ *M 6i*. (oi^w y*5 > 

ijl^> L*y yi r y SjIyJ' Cm 3 x 10 8 cal JI 2 x 10« cal Jly. 

. dyii 5jij>Ji ,> mji «j* M l*** ^1 j*l oi v** 1 li<jS iLb 
^ ‘ r^ 1 ^ ^Jy uM -M 0 * j^i y^ yjli »ly yi pUl >< 

. MSi y Ly* Jii ^ jy.1 0 yi ju* .| 

. L** L^uj ^1 auji Mi. b J 60k« SUUU oS-f Oj: 0 ^ 
UJI61 ^ h'r* *yy j-* ^Ul gUJjKl y Li. 1800 Cal Lyij 

. 36 C° • h\>y \. 0.83 cal/g. C° ilsiJl ^ L,y)l ^j ( 


djI^JJtfll 11-8 

l>jj £ij . 1*511*)* ^ <X»ISJ| iiy ^Lio 3jUI PjM L>y 6 | Li ; 
iMj ■ L»j»y*l M JbjJ JLJLj ! 4%*. Lilt jljy ^L> y JJL 
^ J-^ C>w <il—li t-y* jby, oLi^yJl yy*i ou, j * w y 1 

■ ^ly <>y ^»j ii* JJLy juLjJI y JIUi y ^1 j^uji ol^yjij 
0L>y CmM- J.U jj PAPUJI PjjP ^ Ow»iyi oUIuIm^'I ^ 

• < 4 ° c J! °“ c > c )'y M-jJ ** °j*& Jiili J*l- jt »uij) 5,1 ^ji 

^ j f** 4 -^y? 4 Pjiyji i>jj 5ji^ Lj*p jiyi £,[j 

M ^ oLi^yJl ^ M-jjJwJt iluiyi y^uJ .01 yi> y • 

J! Jjy I-" «MJl Ii» ^ ijlyJi O-Jj t U3jVj ■ jlMI jW o-jj j> y» 

. otl^yU LLau yil yjy 
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( ojUU ) yte ^jUJi j^mJi 


^ Jikii Ji>k j# J-jAIi 
. ijjd <4jJ fcUbJ it ^ ji 




Ji_u ll_i •uLJl a uA»;J i"i^«ii 
j—* ijji '«** 

. ck_i*ji j_u 4_jjxui O' jtA ^ 

I_u 4il> j4^ill L4^il dill iixuj 

. JuJt o» >ii\ J! jji 


Ij \yjt\ ji j-i»e OjJxij j( Cilia jj jJ**JJ JJJtiJl ji £*lj)l ji 
dLJl jLuid j]J jLjui'jll jj J^jlj-sJI JJ-»aJl pJ lili OjaaS <^1*£ A*** 1 
J ■ JI ojlj> Jjjb o>i tAjuJ Jjw ia^Jl CiLjiJl jjkllj OJjiaJl 

, Ojl^xll i>y £* OjUl JJlcju iijj (J^»j jl tSjjjjJl <> yli <*Uj 

Ijlj . AT jlxiw Cjjj/Ju ±j Lq ^-iljUa'jll aJ^L l-iDj!j> <>jJ (jl y<?jAil 
jjix-a Jj_LJI jji ( y*«fti)l Jjt jj ^3UJI ^aAjJl Jla3 AL Ouli 

*1 ya> O-iUu^ Jjkll jl~ull _^}*ill <ji - J^I^Jl fl“*l - blaP A*j ji) MJL 0 
6) b-^l 'S'U’jJ o* Oi** 6^ J> 

: UjUllf SjLD Of JjfcJI Jjlj>JI JJ'wJI Jjlaw *Ju^«3 liiiuj ill>JI si* 

^ j y^ 1 al/l 0 

ywnwy* " ar 

• ^J-^ 1 J* i£*i i/ 11 

A li - aL 9 AT (11-4) 


jl i Sjlj^JI L*jJ yjJu ol.A>j jD i Juj*iU liat I « oli>j ji £*ljJlj* 

jljil yiuJ a JjJJl jj_»iJl JjU l+^-j^jJI ^iJl a>J |jl Jj5twj ' 1/K ji VC 

. 11-3 Jjj^Jl y 

^L>JI (jl L_ujj ijlj> <*jj yl jiyji l Jjkll JJwdl J*l« Jlia^j 
^.j- ^ili Jjt y yjii- jiuk . +50°C jljiij 0 >u J»75 cm <Jjt 

: (11-3 Jjj^l ji of ) 


M = oL 0 AT = (19 x 10«/C®)(0.75 m)(S0 (T) = 7.1 x 10' 4 m 
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(iM irfjlyJt ) j* jjW! J^l 


jiyi JjWI jjkJI JjIm 11-3 Jjj> 

(20°(J jup OjAw i>jj J£J) 


yxlO 6 

ax 10* 

ojUI 

3.5 

1.2 

u*U 

-9 

-3 

( ijIyJJ .,IL ) rUj 

-27 

-9 


36 

12 

kjL»j jujj - 

-30 

-10 


57 

19 


75 

25 


182 


Wj 

-240 

-80 

ilk. 

500 


jir 1 ^ 

-950 


() urfJjuW- 

1200 



1240 


( i>) jjjif 

1490 




O-J AL iniA-ll Lu ^ yji c li* jji- JjUl y yjjl | j* J 

Sjl^JI Ujjy lj*S£ pj ^ ijits ij^S Ci-jij SjIjaJI U ; J L,L> 

wuxj JJiJj t ijljjJl L»jj £4 U^L Iji-tf a ,ji iu^L>Jl j£J». lajic 
iiJl LJU ol;L>Jl 5jl^*Jl olkjj (> j*w joj J£) Lu-Ull Ctji'i ^Ijl>CL-iI 

• *iM J W4<i Jjttll lifJ ^ J 0* $ JJi pj 

■»*> c*ilUJl IsK ^ ^ joaUJ j^u ^ JU 

dJj Lw ; jIa/II £h ^1 Jiiill ^->JJ J^b jjy JS $i 

j-i yilll iipM $i Jj <> . sjUL ij^l ojiDI 

i jt>-» JI My-> ^ sjL^jJl gli ok,. Ujl3 jl Sjlll lU, $ M\y, jijill ^ 

• wM.)—*Jl *-Jl> k Liyl 4 jL» 5jUU jaJll ulu 

l^Lm j$4i I JjUl JxJl JiU* U^jaJ j Ipl-ikLJ j^LJl iijjJaJI ^k 
ijl^JI hfjj Jitil o*) f**JI j Jj-Jl Ji&\ ^ yjj\ jaII jjkwJI 

; i.i>^)l iijLy jljiu 

* y ' y o 

r ~ AT 


AV=y VoM' 


'. j! jjkj aIh 

( 11 - 0 ) 
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( ojUI) ijjtJ-silt 


«jj» JLIaSj . 5jlj-* *Jl i-* ; J v/ *!*>J yolj>j yli * Jilly 

4 ^jj . 25°C JJ 20"U 4_*jJ u» Cliiw Ai y^Jl y» 100 cm 3 yfljiil . 
lijl—y i>* o»Sji »j-» jj o' ■ '>’ > •< > ‘ 11-0 4—JjIaaU li*b 
(11-3 (> y iwi g/U) 

AV= (1.24 x 10‘ 3 /C n )(100 cm*)(5 C u ) = 0.62 cm 3 
V / jjjw y»« k /ll' jk>o»Jl liUl ^ 0.6 Jl*i ^>oJl ji 
tjj V UaI* /ill Sj/Jl i*jJ jja>0 0 3 ! 6jj j-^ 1 1> oli^i |> ji!5 ji 
xic SLLkll j-uJi o' ^ • 11-3 Jja>JLj 7 / **ijl 

/I ^ 3jjA*sJI ol/l) c*wuJ AV k_iL> /»* ■ T = 20"C 

5jlj_» IL>jj ji Aie 3—dill V L«i iijrf 20 c C j* l/£ a*J ^ 

, ji^ai\ Jill 111 j idlj 

■< > »'■!! JiLw wJj jjL-u ajI/J ja-4uJI J*Im jl 11-3 Jja»JI 

JJlia / yJJI (jjJLu AAjjJ /I aJ/J oU OAcli jjuAt i L/ 

.I ■ ojlpUUI sjjt oLjj 52 iULi! >ili« k_Jlu <_iwj 'a# oULxi^l 


: 11-6 

£lu /lj i v_cu* Jj 'Layajl I ipL/il olt^JL gj* jjjl» wLoj ^ 

J-S Ow fl—“• Li 20 m l<—1* iA>iyi JjJ» 

3>jj J_uj L»a1p olL'iLJl oa» t*+u ^ kiu»A -20 c C <>jj ole 

? +50 a C J! 

t jfllil* JYJiLiil 

V« ^Lullfl ^ L* • 

Lyi jli 4^Uj . yAAJU If-SkW Aju Y| olL^UI ^u; i£*«! ^ : 

, ^ie’ill djlj->Jl 4>jJ Ale jtSJly oUbj^l yMOb j* « ” 

0* JaII lie J> jaw jIaa* j,}Mil l^*lA>i-.l o^l 3 .’jIa1I j* L : 

* ijl^JI ol*jj 
A2’ = +70 C“ kiu* AL = L„ AT : 4jbf.Vl 
'■ ox /H* M-" 1 AL J* : Jly- 

tSjLjljJUi UfJw J-i JA»i: o' jblOU 

eLlil J-ai JAu3 o' 4^. 9A>ljJI u' u5' • 3 /^' 

. 3/11 flu\ tSjLs* ile^JJ /Jl AJu^Jl jlAiu ji / \i») t ^ ^ ^ l^ 1 
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(wUU jjIjSJI) jut jjUJI J*i)l 


UjUII Jjwkii 11 3 JjijvJI a Lui r l^L-0 i AiiLUJij J»J 

: *1 ^5 (11-4) 

AL = (20 m)(10 x 10 fi /C°X+70 (?) = 0.014 m = 1.4 cm 


: 11-7JH* 

^ 20 C i>jj a*£ 1.000 m LfJJj jib'lll ^1>JI ^ ^y ** »jJL> jjlLj om 
I jit . fry 1 mm L|>Ljl ijju dy xi iyh ijj*> 
f 73 r c J| JJl ijl^ l>jj 

■ JV jCLmi 

? IlfJ k**u Jy#JI y yu)l jloii U ■ Jl 'y, 

11-3 3Hull liULJl jJjAiX ; 4 jL>VI 

AL = (1.000 m)(19 x 10 c /C o X+53 (?) = 1,0 x 10 4 m = 1.0 mm 

? 1 mm IftLol ^1 j^AjJl jiUil di Jm Ja : JI^j 
ij^Di ^L—Jl yL* Ljj^ l 5jJI ^jilji^yJI jaiSull p JlLtiJl yftii : 

3j^UI ^Lul ^ 3jL.yll y!J l)S*j . Jjo jjy jls (10" 3 ) ^pJl jjill ^ 

. lO ' 1 mm jjLu 

5^«Jl yl oLJJ uL^S t £* JiUlll Ilk k_Jl»o} • 

V ULji jlyj kJv- 

ui-* 1000 m 1.001 m jjl—u C S^ljJiJ jLs'ill iy>*ll : 

J i J ^0l Jjtll yl 4 AC/C# = 10 3 yj£j iu»Jl JjL ^ 4_j_i_lUi jjtyi 

j) SjJIjJI 

C = Cf) + (O.OOl)Co = 1.001 m + 0.001001 m = 1.002001 m 
ilUi Jlfcj ^jJi oyijJi la^xt jJJj . 1 mm jtjtoj jloy. JJi Jps ^JJ lii*j 
il» Jlu lulpJl oaiill p y* jjj. dJl Qt ^Ji ^Sl jIjiM jljy» Lp. i*y» 

• C j! wy 1 1 piyl LyuJI ,> j^jiSJI JJlJI 


: 11-8 Jti4 

. 0.0°C L»jj a-jrf. l»Ui cil> JJ 50.0 ml ^Jl ^ l»Jl ^ »0| 

Ijjj ? 30.0X JJ *3jl j> 1>jJ CuiJjl l)J »yi lyt jMJ i i( .i>_i jJt 

^ 4jL£ ^ A— .'ll I A k^l l Li ; Jj 
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( »jUU Oj!j->JI ) jitt jjbJI J-AflJI 


I JVjLLbI 

V ^ *0^1 Qt >■ »£■■< IJ Jiy» qA*J jlS Ijj U uij4J UhS . 

i^lu . ^ tj»j ) jl^Lfc 4jj j^lj *\j)\ i> J5J yl^i 
fj>n> jLi ^ j*j i BjljjJI l>jj jiAiJi jJu U<ji L£ s («isUli j! 
^ i>»ll Ji_aJ< JjUj jlS Ijlj . Ojlj^Jl i>jj flip'll Ckiju jbj,! U+u 
J_S yU*iJ (> ‘U)’l £.£*0 I jijll ^L^jJl jl> ^ <** OijV 1 ^ ^ 
. y* o°*i L ?<£■* ' »! ! Jljy ‘ jjo*JI u>^> ^ 

V j>^H ij* Jiil]' ^Ll*i jl ! Jl^w 

J^Ijm j* lju$ jS i jjjuU I jjlm)I JjIaj d)l 11-S Jjx>Ji : *uli^l 
j-» jiuij £>i Jw^ iH/Jl Cii Jlj (/““* ■ 

. SJLJI jJ-J* o-jj & 
V ySLull |k^> jLxj'j lyil \ s K - i <1 ^\}UI aJjUH Li : Jl^jw 

<_A_uil pjoJI = ( (^jlull ) AV_ ( ) AV : 4jl>Vl 

; ij> j£ }L 5 ilj'ilj |*jk> ji jjLyi jl 1 ■> ,ii>''> 1 aJLs LuJ 1 j w lx’ ; 

( £l»)U ) AV= (50.0 ml)(27 x 10- B /C n )(+30.0 C n ) 

= 0.040 ml 

() AV = (50.0 mlX 1240 x 10 6 /C°)(+30.0 C°) 

= 1.86 ml 

1.82 ml l5jI»s! v.i5u«uJI y^yidl ^>>> 0^ •^ J 


: 5jl>>JI 11-9 « 


SjljjJI jlj jJ»L/ (Li j3 5 (UAJ OjJaj <AaL Jj ;jJL>w wL*|I IjJ Ol |x1aj U15 
Jlj . IJJii kwJ JJj jJ—ijj ; 4il*ll »jU l > a >wJI Jlj Jj Jl «LH ji Jiiii 


J—iiik, 1^1 iJjaX J^ajJ Jyb 
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( SjUJJ 0,1 ^1 ) jU jjUJ) >UI 



:ll-8 Jii 

s'—aJV' ji L*>iui Jili i jl jjJI yLLj 

T, >T, jn 


<-*Ls>*il: 4-11 JjJ-4 
<ij >uJ Jl>J 


h 

(WK.mh 

ijlll 

430 


400 

j^Lau 

240 

r^y* 

10S 

jL.\ y-Lj 

0.8 


0.8 


0.6 


0.2 

0.2 

LU** 

0.08 


0.042 


0.042 

J-Ul 

0.04 

Jj-3 

jyi) 

0.03 

Jji; ■5LX-5L 

0.021 

j*J 

J\ ±**4 k ji 1 rtill y* *k * 


^ ojUI oljj o—ji; LUjJ <_>vxuji . j>LJI »lil jj 4 xmJLLI J>jj jl 
jljjJ! oljjJU l iiUajl ojL^jj , 3j»ui Ojl^> iilk Lull I j* jiUl *j^Jl 
ly_JJ *_LjL ojjj_3 d^JokJI oKUL L^_ijLu Jj lu t L^jjljltl o*_> 
i OeiLjl oU» Lfrf—ijJ UbJI oljjJI £_* (jloL Ujjjj gjjtj . oUaJI 
kjjJall JJ lin k l! j>Ul *_3j_fcJl j* OjI^aJI uUsJl j2juJ iiijJaJl olfjj . liSkj 
5jlj_>JI JLiii'i unU oju» . 0>L-i 4_IS Wll tj~i£ j*i* jjj . jjUl 

oljjJI j* oUjIoaII 3 jlll J^> 3jLLl JZili Jjlj>JI <uL— 

■ 3 Ji? Lkiii oUgtJi y 

I_UI^JI jljil ^ Lilixi cj'iuus <1 j±>4 

ji j^StaJI jJJj ‘ l,u—3 Ijjly j-k^l jjkll Jly L* ; L^jjb Ji>! jjijy j> ji— 

5jjJ jl ^Ay Iju» . j_>T JJ j_» 3j*5 itj— ijl_^Jl j}bu> *Lj*1I uaLI 
j-* AjjjJI lJ J> JLUI J*— jdt oljUJIj jjjJl LfjuSJi jLuu 3jLI 

jl I f \Ka> JUILj ; 3jLLI JM» 3 jxS iLjjkj iSj-*JI 1*1Soj ^jjJl oLijyiJ'Ji'l 

ojl_s^« oljlill jjj IjifJj . jliJl jj j>T Jl »J> j* LfiS*bJl OjljaJl ulkll 

, ijljjJJ ijU 

< _i.nL yi LWbJl yUt—I y 11—8 Ji—,IL iLxL*li L^>oll ov— 

A/. lj *>*..) SjLLl j_* 4_>y^i J-1 »j Ji—ll IL . Iu5 LLoj ^jl^ijl Jj_ovJl 
k**-** 11 ,/>;•» j" j/ll O' I ^ W*} 0* "*>Laj 

jl j_/^i 4_>jjJjl J^Lk Ql/tf Ojl^>JI jUj-i Jiu jl ^ * j i b il j* . T l - T.j = AT 
Oj'j_>JI jbj— Jj-mj ji jiy-L, ji JjixJi ^ . AL * A ^ AT jj JS o*Lu 
U—Apj (li j jK ji A jl AT 3jL iji yjj ^1) A j AT j» bjJ *» 1 1 J in 
o_>3 jj i ol—jljii^l oi» \jjJ 3- jl j*i jj* t ( AL 3jL_y JL jl) AL 

: ji o^y 

^ (11-6) 


— -k- 

At AL 


. i jl>ll k> l- ^ 

♦ I W/K.m »(1/418.4)(c«l/R)/C°/cin 
= 6.94 nt.u.in/h.ft 1 . F“ 


J jJl 1 k 03 111 I Uyy 1*5 i •jlj>JI jjji — b 3 jU AT / AL 0*5]! > o> 

^_iLl 11—4 Jjju>JI JA*3j , 3jL*U 4_jjI k>JI ‘LlLj^ILi . o^yAll 3jL ' ■"» ■ 
jJLib A j LI JL IjjJu QIAT j j_L L*jJk Oj_v*ll jljl I jAiyJ k CyllU <*lx*JJl 
lj*5 j_j5y A jl JjJL^Jl ljj> j* J»>^i jl jllSL j j . jililb AT i jjdb A L . £3jll 
LijI^Jl oM_o*-l 3JL ^jj Li.,iLm olJilbi 3 jlj_>JI OjIjaII o'VojJJ oLJb 
. JjlyJb jilJ iijj Jl 

oL-i jlU oJ jl* L* |*—> ( jl ) o^l j-b—>| ji>L 
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( SjLD LJ ^>JI ) ji* jjUJI >1)1 


jS <Jj t) i > ) b!jj u» ^ *j! j>UI jj*lli. Ijl^J a^j^.' 1 

<l>^j j_U v-iiJl mLj o_i Ijl Ul , Jjj Jj <!• &jjkj£ yLju 

A-jjljJl 4 iLrtjll jS' lj li»9 i^_Jl j_l 4_^jjJl Jii Ilf l'j_r jj>J ^ OjljUl 

JJ aJj^...<^ oLoi Ojl jJ»kJI olkll jl) ; jjUil HU ji U* 

laii aJoIi J-lC "lCj—u uUll JjjJ «iijj jl ^iuj 4 Ll) jdU^UII aLL jU 

pU_Ju HaLJl jjjUl iu-ijSl jJjCi IjU jjjuil Ijjb >U j jl d ' l iU J* 
\ lfi«i Hi* Ju sjUw ^jJx i JiL> Ldlf jjUjjLJl ■*!;* '*1 Aii.iJL Lijj jl$l 


; 11-9 

j-» aUUIjJI o.'Lyl J-UI jjxu j a!u AaJUJI 

Ojl^vJl \+JiLiy AjijjL^SjU j_« yjJua* j^xal 'i-> . 30 x 30 x 30 cm 
iji * o a ,i nj tjU 1-ill I jj a^a5 wiaJ>j . k - 0.032 W/K.m 

Ijl t ItLJl ^3 ^fUJl ^JjJl OjS jM U . 0°C Jai aUIj 4j>JI l»jj 0>-l 
? 25*C j>I q\> 5j1j_>JI o-jj oili 

i >hiU JV JLUI 

V )jj~axLl ^iill <u *5 jx>u jjJl U : Jl^> 

J-£ jL L*lf . «LJi J_>Ij JJ wiLHJ ^_*JI jjijjJl a*»S . <ub*)(l 

, jJUl jj 1,0 g jlf-ajl 80 cal 

V Jjiil JUIj Jl SjljjJl uL-31 J-iu j-uCu IjU ; Jl> 

: oL*S JjaII li» j**^ : <Ll>VI 

, jjjil J>Ij jjj ATI !SL 5jl^*Jl L>jj 1 

j>l jIjjj- <UUj . 2 

. Jjjk-jUil Ajjl jV »Jl AoLoUl. 3 

V OjljjJl wL»_ul Jjaj aJjU ^ U ; Jljw 

- = hA^- : UU 11-6 HjUII : HjUVI 
M UtL 

v l^jl-UU jl)l o-Lil L : Jlj-j 
±JL» a (0.30 mX0,30 nil = 0,090 m 2 [fu J5 UU k- «J ^ ^ 
. 0.54 m2 U£]l o-Lil jj& 

; ijl^xll t_iLUl Jj** yL> i ALiiLuJij J?Ji 

= (0.032 W / K.mK0.51 K25 K / 0.040 m) = 11W 

At 

s (11 J/aX1.0 cal/4.184 J) = 2.6 cal/s 
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(wUU SrfjljjJI ) jiit jjUJI j„wJI 




l 0 ~ V. 7 


(0 


3600(2.6) = 5)300 cal Ujji ^ <uS j^l J>U JI | h JS Ji i jjj 
: IfiW ^JjJI o * W >-»J jiSf »i»j 


0 300 cal 
80 cal/g 


120 g 


11-10 


<—L»^Li Ij'li , S^IJj r-^y .« 4 » L^aj 11-9 v J-Su*ll J ^ 



4 1 !* Vj* tyNI ^i-^ 1 1> DUG l««»j y i ‘Ul* Jl-Jl ji IjujJi o>l>JI 
u^l & 0^1 oi*~J lit ^ . (i *>ll) l#& J foi <1SL Jfc 
jljJ #L*ll <jA* yL-l'il JlUl Ijl# Jy i ( v ) ij^JL yxu y US 

. <*4 U*Lftll U.L> <iL)l yjlifi 

l>jj ^li3jL jo«L jUJl ji JJLJI $ . la* k_u <Sj*JI »jji j yjJl^ 

o-U j i » w ijj-i A ale ^AjjVl jlLJl jSJI jj^jll ‘111 jli t <jjl 
jl iiliS JiVl JJUl jt j«/jll jjuJ! jli li^Jj , jiLJl Jilj oils Jji ryl 
Uj_* 1 -u—JI lif-Jj lulls’ yi^ Jj^jl J*> j piCLw 
^ui\ olUJl j jJ\ J] dial Oyul JIUl yLiy V j yil Jjwll 


•11-9 Jti 

o tr* J>4 J*** 1 u' ***** Cw 3 
uji—u aie isUl VvM 6 0* OJJ »W 
*-JWl »1* yij. A t->Ji ^ JiUI 
»l_ui »Jj_»J1 JLu 

. J*aJl </>«u Ji JljjOU 


J**JU JliilH oi* 


: 11-10 JU 

^LJLyi jUj . ji J ji, 
. fljp jk Jji*l Ik iis 



. ^Jljll oljlu ikJj* Ja»JI 4il*i .jf j>J JJ jlSU jj 5j|j>Ji JLi; 

jj 4 ol»L«J 1S^> jjJui y J*ayJl (jl J^UI yi]l j lljij 

UiUl ialil oLjj)> jjj J*>Jl Ltl pjLuJLi j>i JJ ^ 5^I_^JI JJuul 

oljUllj Jllj-Jlj. L^jm Sjlj^Jl Uill jjJ J| jlSi jt ^1 


- 424 - 






















j—i M >j'>* Jtiiil ilA U lilt 


(jjLJJ AjjIj^JI jjlp-Jl) jiif j jL>JI J*vJ' 

jjii ^ l«5 ji^ii oi* oii^ Ji j**jl ijij*]! jm ji lyS* ^ Iaj>j 

ijjji oULi JjAuJ j! p l w i 

L*lljJjJl <iy*JI yl ^jljllj • jiljfJI JjLjil y_4 yilSJl iijyi 

i ^_lc 'i iiioil! utii ji jy«S ^<« "■ > » U5b yj£ *lj4-U 
j-l y>L»JI *I^JI £jyj- jlf> yjj yOxi Jfy IjJ 4 . rjl/ 

jJJj . fjjvjji jlfjk y* ry*y. l>*LJI J^^U-* 

^IvjJl JxStJL Hi ill I •Uiui p >1 n' y^U yl U 1 >v 4 yljtu^l jjj Jjkxll OjjJ ^xi 

ijjj jj JiLJl US Ulw i Jy»i lj» Hii-J jjill J] yl JjUII »U$JJ 
^S.*»:ill ijy»i ^ii>i»)i jiji }l ♦* li*j . yll-9 JSLUt A J] J*>0I 

. ukiSl Ji* Jli ^ JjUl ‘IjfJl j 

J-4>JI Olylu yXUU) 4 LiUfJl J*»Jl kllljLil Otji Liy* Lj^JI y*ljlill t*Wj 
oLiji yi . ybJl li* j L?L> yujl oli LW J-iUI Jlj» <->) LiljfJ' 

j_i Jjlyll tl^fJl JsyyJ Ofyj y-ikll j» i j*& lyj* U l i xi JJi>j 

ll*« I ^JLci J| Lujill 4J^-Jl jilill ‘IjfJI Jt J*a* U» JL*J| jui 

yWj yU> ul* *>yjj j->JI cixLJb Jt i#Lu 

, jlL jis J*»JL SjlyjJI Jliu'il y^y>I y*«l* j^llij 



jUiViiy^JiJiaii ii-ii 

, jylysti! ^-iLSl UjiA< uJL>Jt 4Jlj \ jijH\ Lijj ji ^1*1 US 

UJ| Jiili H y-*-Jl j* U] J-« jilt Jjl^aJl yl Jyl yl UiS*iJ 

[Juyj oUjj> Li Jfi ^ y-xiJI (jtfj Ui« JilfJl ^Ijill • J** 1 ' ji 
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( djULI yjjItiJI) jic JjIaJI J*i)l 


JULw^fl ji L 5jlj^*il JlilS^li jli dl} Jt, iUuj 

J)L> jl i fljiJI Jjl jJJ JUlM ill* j* ilUJl ajjb jJLpOLu 

• ^**0^ JHu'i’ iL^kJl sjjk , JliJl iLiill 

ol_*p jj ys j iilt> ^Li^l ji C«d»liillj liuljj jUp ijy 

( v»*> o-* '-'- n - w j lj-» l $-U* «j —* f 1 ^ JJuw o-Jjljju^vfS 

ijl^Jl oL%-jj yi>\ a>J lil*il ^ tl* ^ ^ i f L»S’l 
• ‘lit otwj> dawlj^ Ij^jui LjLxuI jdL j*>S’l j»j yli JJiS . i^jUJl 
^JaIL jLi^ll UaIp i yJui. p*Jl 1^5U y oj^yi oUuj^JI dJj Uj 

<±>A*i dlj jji t jJL»$S t)L>— (> klMjudl jjj Kayj JUP 

jiJ f 1—»-i^l ji ^jJLy ■ j) CtfLxul JjP JJ Ij* JjaU 

l)JJ 0 ^ jW**l U»SJI ya ^Lj ; Jjl^l ljlj>l j*>^ 

• W! 5jLi)l iJ>Ul5 ,>>Lxul 4 *Lp ji ijl^> jj iiO J«*3 juu Kj 5 jI^> 
v lfJjlj> L?-jj ^ liai LUlc! ^L»Sl j, LcLui)ll m\ tibuil Jjm j«4u 
J_>i Lt lj_» , dxjl IJLA AamL)! H-ji 1 p„l>ll —k— 1>L*4 ^ic L«l lilt. US 
^bw^Jl <5lUl ^yliJl ijt^J lidsj. ‘^j^ 1 >!sj4* 

: *i}U)U <Luij JSJ 

^,CAT< (11-7) 

0 CwLJl . olkll Ojlj> T . p i > 11 Lia> k . j l l»Ldl 

; JUtS . jUjiljj jlixL CjuLju 

a = 5.67 x 10' 8 W/m 2 . K 4 

^ e UiJ JijUj !ia . 1 j 0 fct C*a t ^*>JI ^ybuul e. J^lull Ui 


j ***iJt* ^ yLkl Ji^ 

« solar one »oaij ?; 

,L * ^ j > *»J*J 

j-b t—ijjw 'j^jj o**ill *>i y^> 
J»j—u >S—»»■ ji «f*Ji 

»l—*S )—»i OP-* yi iiuaaJl ijjki 
Lifcj , lj_> i—fli. IJjiCl+jiJ 
J., j iiiii ji y ixJ lik ^iiihiij 
. <LauS 
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( 5jLU 3^I^>Ji jjUII j^uUI 


, 1 ^_i 4_uj j^_ij <ujjUli jli ill> LiSb *LJi jlS Ijjj \ jvlil 
^L>JI LIL> jii Lu*5l Lau»U ^la-Jl ^ Ujic j-ob j» e uj wjjliti l*** 
tit-jjLM ji JlL e = 1,00 >iul£ ijjj , 0.3 i5jl»«3 c jli Jji«xl! 

JmJI jJu* <jU ioPLiSj . SjLc Jj-*j| Li IL*j . « JLIj - 

jxi> oUIm oliufl! 

p-i> jjj Lf l<_i)ll oUJI juii ji j^Loul jla Oil* j» Li£*j‘ e^Sl dualI »i» 
tjj— oli T , *Jjl j> <L»jJ Js-xa^ k--j ^-i lj[i i Ix^vJ' JawjJlj 

: .'jjJ Jjjuj i^cU-i^ll iilkll y-ai*j 



: jjjj Jjaij oi>))l jJj j iiltJl dwiw \ jy> oli * T -*Jl #jl^» OJj 



j (Q/A/) lbl ja j^ill J«l—i L*-J »Jii ji iiUJJ (-^1 y^Lflju! Jja* yli ; ^Lsj 

: tQIMLi 

(1)j,oMT'-T!) 

Ijl LI j j»-i JJj^ UU j-) JL» j*) Jli* T > 7, kiJlS Ijji 

jl y-A) . |k—»>JI yi>-w .iUij) AilUJ ijLo Uj_*i JUa T < T, ClilS 
. Lu LplS jl JaaJI jl Jxjjylb oiyi yJu ^ OllaJl JubLi jl J* 

: 11-10 JbU 

J> ivJil A^lSJl 9jji)l yu»>l , 1x^*3 6000 K JjLu y-xiJl rL* 5jlj> i+jJ 
. 0.95 y**£ll <wLluI ylj . 7 x 10» in U^Li ,_Lu 5jS y*»ill j! oiyi y*Dl 

i yrtUi* JVilml 

? ^ i> <**^1 ojjjU 1 jA^il oj^Ul j* ^ '■ 

biilxu'lll^ ijljjJl r^* 1 

V ol^«£H »i* y*j JwjJ jill i)jl*l! jLu iiiJl Ijull a L . 

; yij . ylixi* y^lli : *bL>^ 

i-P = eaAT 4 

to 

? y*itoiU 1>U\ ±>y \Jj$ : JI)-< 
A = ittR i 4 SjSIl ill* ^ : ijL>-)ll 
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>j_u L-ijIja, ^ Jjt y* 
ir-W> d-W j-H Jjlj-aJl JiflSl 

*\-^i 

-**>.» JilJg >jl>J 4*jJ yd y 
ji tttii ijtfi f pl\ jjj^i 4^1 

• Hjfl 


( uUU AjjlyJl jatjiJi ) jU jjUI JjJJ | 

• j* ?b~> i>L* ' .iLUJi} L Lx.'l 

A = 4/r(7x10 8 m) 2 = 6xlO ,R m 2 

• <aJlII ijjiil ,jti dUj 

P - (5.67 x 10-« W/m 2 . K<)(0.93X6 x 10 ,H m 2 )(6000 K)< 

= 4 x 10 2 * W 

J! £r* y ^ ^ ij-^ 1 »j> i*ii yi ^ijJi ,>j 

. 4jJUl IfJjl j> LfcjJjyadJl 

jH 3a>Ij M Mi , y*JJI gj* > J0 iviil ojjmJI *,! : ^ 
70MW/m 2 : ol»VI. 6000K o-j dJU^i ^ <j 


11-12 


, dy ji Uta yiji J <> in J£) (U jjiyi jyi 

djl^^Ul ji) Jjiyi IjJ £jl*ll ji ji UlS* ll—4 JaJyaJl J! 

) v^-UjJI J^-ll I 4y*j JI ikd-jUl r j^ lyjj ly^i ^ 

■¥^ ✓W ^ Jyi ^ ^-ij jik; t ( 

fo) ■ Cm ±>Ij • l**i ‘I^Jf j+*J yS' liu So** J;y 

JjLiS' cioJI dUi jli ; SjljjJI Jii. ji <&u Olj j> *|^J| 
<,mL-u *\y y L iy>* jji L_d> isyjl ddlj jLijj i5jlj> 

Ldy 1 lili . tyjL OArJf C.UJ. j« SjU JrflyJl Jj£S &Jk»JI iy^l j } 
k t . k t i /t 3 i^yx ipu.iy old? j, uy, ijL* 'j^jj j 
: u^H ^iUJt li* J5l> SjljjJl vUdl Jjuu jjj t L, 1 1 2 k L, 

_ MT 

» (ii/*i)+(L 2 /* a )+(£,/* 8 ) 


r Lo ^ jjjjJI J^C yi Ib-^l. ImLxII ^k- ij!y> ^ jyi ir 

/?! / A, oL*£l! . kiUJI J yyliJJi «*Sl jyil 

J-i i cdij! J>L* 4jl^_»jl yl^j'jl olLUl JUiay ItjUU y^lL 
UjUII IjI^ 1 Ly» JV 6< li^kkJUJI lj|i. ijLiil <LU A <*yUU 


: J* R il^jy iLUl 


^ . ALT AAT 
A/ «,+« 2 Wfy"* w 


(U-8) 


yiyi jji^i JyJi y jij_»u /? ^yiji ii-g 
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(tjUU Ojl) ji* jjUJl 

lj-» I^SS ft 2 . C F. h/Rt.u iultujJI oij^>JU Li^ij SI ol.k>yt; 

, 1 ft 2 .°F.h/Btu = 0.176m 2 .KAVi Jl*i)l 
oLLL jj lijl* U#il> UuJ ji ji/tl » R pDI sjili Jy 
1.0 i:m i ^l^yi JjJI o* 8 0 cm » v^ 1 cm 2.00 cm JUJIS l«JU*l y 
; LftQII jljJl ni+J R pill jJ» iJSJI R M 1 y ■ u ^ 1 r*yi I> 
; jl 11-5 Jjj^>J> jj jlxL 
Ii M = 0.185 + 1.9510.06 = 2.20 m 2 . KAV 


jiyi ^y^v ^ 11-4 


R(ft i ."F.hlBtu) 

R(mVW) 

(cm) wUJI 

djQI 

1.05 

0.185 

2.00 

''>«<»« <_ul> 

0.63 

0.111 

1.30 


2.1 

0.370 

1.90 

(JjU)> 

0.34 

0.060 

1.00 

c yi 

2.0 

0.35 


oliu iilj OjU-j 

0.4 

0.070 


cJLl 

0.64 

0.11 

20 

( u^uu ) Ctlui 
oil* 

1.1 

0.20 

20 


2.0 

0.35 

20 


3.7 

0.65 

2.5 


11 

1.95 

9.0 


19 

3.3 

15.0 


1 

0.18 


(is-»y t&) ^ 

2 

0.35 


(jf'y J*Wj 


vU-il Jjuu V L*> bS*i 11-8 UjUII jj <*Ul b&\ R M 1 
J] Lijlill *}*ll jt Jw-'ll . yi ijl^Jl 

• <ijwi ^i^yi <*y> 

11-3 J& 

lj_* i»L*« culi ijLi 2.20 m 2 . KAV jjLi jjLJl LibJJ R M' J 0i»j 
1 _>.j L*jjiP <rL>» J_5 9 j^aaIi ijl^xll lai v 5.0x 3.0 m 2 l/'jJI 

f -10°C pliJljjj 20°C >IJI ijlj>Jl 

: ^IlS J*-»yd0 Jii Jiu : jjLU JVjumI 

Q AAT _ AAT 

tu K„ 
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( SjUJJ ^lyjl) ji# jjbJl 


= 200 W = 200 J/a 


= ( 15 ro 2 X30 K) 

" W0m 2 .K/W) ' 

: yij A/ = 3600 a ; j^5u 3i»lj)i <pUI ^ 


Q = (200.!/»)(3600 s) * 7.2 x 10 5 .1 




■ Ijjfi jp J yl*y JjjJl |jj CU^ji jij 

J" - * 1 (-*) » '*0^1 J>JI 6>UJIj iSjlyJl u'jrtl (y) t Ljl^Ji ulkllj y^JI ( i) l 

• ( -*)• MM 1 <*Jl ( J ) k Vul>)l >SJl >Jlj 

‘ ( ‘i ) ‘ JjLh^ 1 (i ) * >-11 ( r ) k jpUl oW f-J (j ) < Jjtll >i (j ) 

(^). ff JiLmIIj ( u ) ‘ u^y- OjiLi ( f ) * ^>11 fUrtl ( J ) , jji>)i J**JI ( J) 

• tf 4Ls)l j*" ( ) ‘ ( j ) i jlf-fill ,j»k ( * ) > LJ5UJI ikLJI 

. jjl>JI ^Ui <> jjUi Uiiu JuS 2 
• ‘j'M 1 j*tf J *W JJWl >J Q = mc\T iljUil fUMJ. 3 
J^ 1 J! iSJj* I3U 4 
. JiLJl jk UkJl jM 3 ^ JiUl olJfi itiJ 0*3 IjU ^1 _ 5 
, 5jl>II <*> U«ll ^ <ojtJI ol>il 4i* jUiclj jjQ L ;> UI ol>s3l >4*1 J} UI rj r U»iJ.6 
l*>3 p3 d)j <> jSSi pj <1* l^kJ ^ ojL ij\j» U,j yj J-j. 7 

. >1! jJJill Ml iSUJl ♦!* jyti liU pij . ^ jlfflrtl yjl> UUl JiUl >. 8 

• *WI JJM JJrtJi ^Llu •lak—L9 

, Sjl> 5 jU & ihl> oLill ijl>)l ^. 10 

■ ^ >* ‘j* *iWl £U-| Ji<u ^uu . 11 
olii, 5^ (> oji. LiL> J*> iy^JI y l^| Jiu o-J R J.UI jLsjJ . 12 


1 calorie = 4,184 J 




o = 5.67 x 10 H w/M 2 . K 4 


culj 


: <UwLl jjLuj oLiu> 

: i^l^Ji 


Wtyj* uU j/U Vyi J;lf jkl J! (>L ,> Jilu olkll y 
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(tjUJJ ) jit* 


: 

*i j'^Jl *Jl> jj j U ..i > Lijj# \±+i}\j> li^jj ojUj Ijl >5j\j> $'y\ C m ^ j ^ *-^ 

'■(j'j; i^jl^ Jjl^> jl ^X*J 

: lij\j>}\ IS^jJJj/Jljjilill 
. J>^|l W U*A»i Jj\j> 0 1 / 1 J jLjij dJU £t ^l}5l SJ> J* J£ jL*+ 0j3l IjJ 

; i^lyOl UtUl 

, m oljjj oli*}*) Lil^l olS>J4 iilkli J> S'JJi 

: (c) Ojl^pJl “uJI 

, 5jlj*ll l>jj ^Ul y*iJL UjmJ jl ojU! lfu. ii j ^1 y^Jl Ltj SjQ LpjJI <*Jl 
Q = mc\T 


: jl^iVI 5 j\j>) j±*juJ1 5j 1 j> 
. jli J] J1L (> will ,> U35JI »j>j jjle jn *.iJ Ojlj>Jl i**$ (H v ) Sjl j> 

Q = m.H v 

JJL Ji ^L> j* ojLIi <> UsSJI »j>jj ja ajJ Sjl^l ^ j* (Hf) ijl j> 

Q^mHf 


: jjW' ^ n 

. ojLJI Oj^kll oIjaAiIi Uaitf J$\ T ) P iijJI i>;J Jjli» ji»« »* »->U jjk ’ 1 jl* p*> 

. J 3 UJI) JlLll jijjLJI j* Jpyill < v*Wj lP^I C *^ 1 0 * J** J-*** ^W 1 f -^ 1 !j> Ji 

»ijW!j yW jyjW on 0 *^J 

: ijftttJlttuJI 

llaij jMt i flljll Ul> Lu*> ojLU iftUJI jljblll ij!^*Jl i>jJjiw-aJl <a^ ^ 5 jU 

jjUl jl* ^ j yLuJIj jlf-ai^l ^lu>si, 4»!i: 

: Jjl j >]I jjkjJI iUlw 

j^iii ii» k-w-u jjji jji^>Ji i> ; j jjjj ^>ji Jjb J jjudi jtt V-^* 1 )* (“) J^ 1 

■^■= aAT 
L o 

. yuSI lift VY-U jjjl ijl^ftJl jj3 J| ^cjjl J Jj«ll **-i ** ( y) ^> JI 



: 

jojiil Ul> ^ \-6 Lil*J « ji-wJl 6* i> J **> J - ** 6 y - 1 *? ‘ ^ ^ ^ 

t\y, ^>J| y OJ^yi Olj*i)lj vylil J* 1^.1 lift - J'Jyifl I 
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(uLU ) jt* jjW| j^i 


ii%ll A <**LJI Lp>Uj tl. !*£~ 3jW ^ ixj^s JiLi. JjI^ji j^yi Jm* 


i = JW AT 
& AZ, 

o^! #jQ V/JI W* « KrDl ^ o# S^< <*jJ j> AT 

: OJU 

• ^ "*j l >»J | <*j-> £jJw J/J A77A/„ uJJ!. l 

. hUi R J.UI udy 4^1 U^ill.2 

i?= ^ 

<? _ AAT 

MR ■ OjJ 

yL-il JJa* JjZ oli ^ iM oLLl i* * iSU OjiSi U, « J.UII f bii.l S> ^ 

: «i*dl, ikLiU J^SjUJI 

i.AAT 

* "tot 

• UW1 tjfll iiliiJl jJIjil) J.(yJ| ^ i? tot ^ 

: £l*i»)lb JUuul 

: ^*11 dxw iA^j "cUj ^-*1) iiiui ^ ^ J^I^J, aiU j ^J| £ j^ ^ 

fil-" 4 


' - jUi^ eyt* 0 . ^kjl ijjjUjj! e 


: <U}U 

jt-Vi ill* ji i/i. w pi* V JJ, yuiVi. 1 

^i>jl iiiljl gk*Sl HU J jjudj . iJWi 0 |j 

^Ui.1 ^ I^uwtfy-iWta*.{U^swou-,10 .^,,j*j^I toi,.2 

: O^UIL T t <*jj Zu y ojjjvj .d ucUA)ll <ilLU ^»J| 


fs)*«".‘ 


_ _____ oliwiJj «ULi 

jj /-SI Midi >-!» j-i 10g *tS Ar iyrjl I jli 0 . J>ij 10g 1*3 0, 0*^1 ;li ~, i* .y. | 

* UJI ^jlyJI IUI 

WjJ ^ U ' ‘ Ul ^ '*** UU ! T l UjJ «**. U. JU, jJ. 2 

Ui i,! viyi gSU> 4 T,* tf cJ6 J, j^yi Jib y^i ifjj jjB fl, r, > r, i*» ) Ti tyj* 
JxbJi /-all J. U e - - c,i J! <(>JI w jfJ! UU CJ 0I. V^IK U jjLi D^JI ijU ^/ll o.l^li 

. 4oLaJI oj^J 
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( »jUU j*}\ JjUJI J-aiil 

' ? hil* f ^iL V IjU«tj-JI»ij* jtf y liL \ i>jj }£ij ji J| 5jlj>JI kjLM jl u&*i J* - 3 
. ijl J> jiiiul lfiLSu-»l Jiiu UU> . 60°C i>yJ JuiP £*-Jl ji j»Ai Jf-alj - 4 

. . lOO’C julp •■til jtf UjIp Uj^ p »Ul ji i»l*j xijuj »x1j ‘111 Ja* 3 ji jS*ll ;> - 5 

V i>_jj jjii jup >, tl>ll ji odd ji jj*il ji <*k» jl Ul )Xv Iili - 6 

yj j S'iJ LLu LL>i j ytaj >'ill L>jj j.* ^L,Jj Jji jj£- ijl^>Jl ol^jj ji jjPjljll £yi l*ilp - 7 

? 'i* M j* l* • ‘HI* fj'jr"*! 

V 100 c C 1>jJ .Up pUI jp £lill jj*Ji ji wU 1^35 jJ 100°C ole »UI jti- **-* jill j£ till - 8 
j_£i jm J IfJj <Jj*xL L>jj^ Jai u-iyi Li 111 >i>l >LJ i jj 3 jj jiLH ^Ij^l J »jl^>Jl i>;J J oUiill jjfc- 9 
. , i. <u_iiyi jluii 

jJL J$ ji jijL <*-L» \+*iyp j*i (1 ti| HaiSil ‘H/l* w' 1> -1® 

lij 1 h JiL> JLai Sjlj> ipy^ pLtj'ill jja t ibl> Ua^ ^iJI ^Ml oIjaJI j»l£ *+6 ijl^l j* 

. j-aiii »ji> oUoii j a ji jh* j5j y 

ijl* jl JJ ! 1 U C jlaiw U** Jjii Jl J*j jLp jdu* ji jf^S ji ^ J&\ J* 11 

(Cbodj = 0-83 Cal/(?.“C) ? J jyJl j« Ip £ MA j* 2 
jljiu yflbva jlfAi'lll <Uu ji Jjii ji UiSbi^ 4 0°C jjJ U J! yflisvi tjlfawl <l»i3 jli y«S l»*«ftJ j^IjJI yflyw Ijl - 12 
. Jill J. Jjill i*Jj* ci>u JDl jtj-iwi Ui jjS . 6.0 x 10 7 Pa jlUl iU-oJl 5jlaj Jil 6"C 
yj* J-£J yijSl Jj j_i J**J J\ irflvi^ll Pyjill '. »jij* J* * ^ 

, 1.5 x 10 11 m yijSl jp ir 4*JI jjy 4 7 x 10 H m y-*Jl J» sJ^> . 1340 J/m® j^L; gy 

JjLw 


11-4 vJUl 

? 30 U C J| &C j# Ojly> *>jj ^ ‘111 j* 475g J| IfiiLsI /-l 1 -) yA L. 1 

1 18"C J| 73°C ji oj^ 411 ji 1.65 g ji l^ljill ^ Jill ( J^l 3 ycJ [>) ijl^JI 1+6 y U - 2 
150 n C j-. Ojly> i*jJ Jl y-UUl ji 135 g ji IfPlyiil jill ( J^JI^ y«J0 ) Sjlj*JI 06 li. 3 

t -25°C J! 

? 122°C J| 29 n C ji f> tfH ji 2.80 kg y^ o-y ^ LjiUI (JjjJlj ^) y^JI 

11-7 JI 11-5 jP ^LiVl 

J! Uj^ 6 78 C C O.jj jip ljuiu jIp ( Jfr )I j^l) Jy^l jliy ji 25 g ji iilUl Sjl/Jl i-S ^ li - 5 

? 15°C 

? ^ 357 ft C J! -12°C <>jj ji *3jJl ji 1.35 kg jai^iJ oj^l ijl^Jl 1+6 j U. 6 

OPyj yiiiJi ^ uu^u ^ 100°c UjJ ^ ‘HI jl^ ji 275g ji l+pljiil ^111 ijlj4l ^ H. 7- 

1 atm lilt jUaJaii ji yiyjl * -35°C i^lJJl Ojly> *> ; j UU ^6 <Jjly> 
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( wUII JLjIjaJI (jrfljiJI ) jifi jjUJI JrfDl 


i&Ul i)l»Jl JJ 27 J C i>jj jk <*LJI <JL>JI o* \f IijVJ O' 240 g JJ IpiUl ^)Ul SjIjaJi lu»5 ^a U. 8 

? 660T o-jj jlt 

^->jj ±k *Ui o-» 375 g ^k jyLxi doi-OUl o* jl*k -10°C <Jjl j> 26 g <Gli$ ^lill o< yJli kiJ - 9 ■ 

. jl>k)l Kt Ojij> Jjly jl J*aJ v iwixU ikLfJI 3jlj>Jl i>jJ jM Li . 37 C C 
L . 0T i>jj ^11)I o* yJli ^ o/> j> 327®C l$jjlj> ijfryJj 45 g LfjJLiS j^-all ^L^ll o* ^*5 c^u? _ 10 ■ 
V ^IDl yJlS >* iijlj> jlJSl <JL> JJ j^Ljll J-aj Ljk D^-aul LID I CuS jA 
y-1% «tll o« Js. 5j,u5 »l>] y -39°C lf^lj> Cj-jJj 36 g l*5tiS y*LJI Jwo!l O' ^kJL^i. 11 ■ 
^jnUI <-jL^II y. 1 * 11 •uk L , Ll/I 0°C jk jjl^xll 0133 * 1)1 Jk Ljl^jJl Sjl^xll i>^j cuI5j tO c C i>jj jk 

? liiL»J o* 

■u-i> !L>jj l y a Jj>Ju 4.5 kg <uLii JiJ» ji». yk- o< j*jjj ol jOJI JjaJI <*aS jA U - 12 ■ 
. 580 cal/g o ; ljk fill Sjl j> y 2.2 C° jlky 

0.138 W/cm 2 ojL-3 ^ ji*e3L- JJJ jipi j>*JI JMI ^ WUI *LL}I ijjJ ^. 13 • 
jl i^jJuI jiji\ ^L-i JJ Jj-o*Jl Jj o^Ull j* ^**> BjJuUl oja 0 * flk^l *J»Jl 0’ fjW’ 0*J * ^i/3 
^Ixmi Om *_> ui jj—»^J j J5J jOyll >Lli <Jii j» Lt 1 iji>j Li-/ 'Ll-.i^j oLiul pL yL»Sl OjjiJl o* 4jL 1I ji 0.09 
, 12 iJLJil jj iltxll j^iouJl 8jl J> Cui jJu ^Jl>Om/I f iUUl ^ Oj^AyJl 
25°C Ojlj> <_>jj j 30 g Lto jj jl—jj 120°C 0 * 225 g LLui Li ^ijui . 14 ■ 

V Oljrtl jk pjlj^JI o»>jj jk U . djI^aJI jJu uk *111 0 * 75 g jk 
Ljk 40 g <lLi ^1*1)1 o* M 0* ^ B Jl “15°C *3jlj> Lfcjj L3 o* IklS <A*5 cuu Q il. 15 ■ 

£_llll Cui jA Ik . 20°C r l£uJl jljjl ik 3jlj>Jl O-jJ Cjjli IjJ 40X luljy^l Lyljlyy oili 

?yuii 

. 0°C j_k jlj-3l Ul> g-liJi 0^ 13.0 g j till o« 45.0 g ^jk 60 g ^yLoll j« <uk j^*aJ . 16 ■ 
okil iklfjJI SjIjaJI o-jJ jl 0>J rJillj lUI JJ 4)^ 275 g 0>l^)’ oalaJ\ jj Lk okki Ljkj 
y ijl^l i>jJ ^a U . 14 U C 

L t oW^Jl Jk ja»jJI lyLxj jA *111 kiill/j^ O' 1 B j 2 1^-1^ . ‘H - j t-i i «lll yiyi 4jl_y> ji -17 

, jULUl i>jj jk /i7 1 ‘yk olkll 0* vill 9JA jjli V iillJI ok 0* J>iy yuk 

y JjIlH; Lfalku/i :k ' * 11 > 1 250 C C Iy3jl^> 1 g Ij i l iS j«L«JI j* *311* lJui o’ y*^ ^l*3jl jl O'. 18 

. Uj>j Ulkll <]awl^ 3jlj>i Ly^LujI ulLJJ ^Au'dall Oik!I Ji o’ j«j3il 

0 -« 'UI o-« 250 kg Ojk-ul |»j^Ul 013 JI ja U . jlj> ^ ‘III oks-Li 2500 W 4 Jjjj okw ^koLi. 19 
lit*; L i>««ll L,yi o* J)}*' jjlJkJl jl ^yojiil ? 70°C JJ 15°C 3>jj 
‘UI yi >—1 Jj_*j» c 75 n C j jk L» 18.0"C jk <llj^ jjUl »QI Jkij Jjk oL>j jl>w _ 20 ■ 

jks^Jl 5jjJ j * U i <A,ili ok jk o^L5 o>U!l ‘Ul l_l>w Jjaj jl {jbjit . 400 cmVmin jlj>JI O' O^UJI 

. ku*Jl k-yi jJ IjJIjU LjIj> 'I'o* Jjj)M jljkll 0’ w>*3j3jl V ‘III jjk~.ll pjklUl 
jj 4 —j-ljJl ki Jj*j L_/«!< jli IjIi . La^j Lylkil liUJI 0 * 2500 kc&l L» k 60 kg I ^llii oljjl >* 1!^ 1 .■'. 21 • 
WlSUj ^3 JIj irfiliAJl olkJI O' W JjiSJI U» i 110 W 1#L j^j ^jSl J5l> VJl k-^l JJ oijll 





( SjUJU 5^1 JJbJI Jrfijl 


k fJ'iLJl Jvjuo *J ISUall WJ» wM+Ul iijll J y tf ill 0^ f ***k> J* '■*^ 1 ‘' , 

Y »jjuu ji uj^i jill ^liJj'il j» Ui 

4.8 m/s Ujljii Ltj—* vS^N ^ <LJt «>J Wjl*» j» I***-* jl* GO kg «Ui eul>jl - 22 ■ 
ji jijSil ? Jl>jil ojii Jy> ojJjiil 5jJ*Jl <u£ j-» L. liLw oiij3 ji J! ^ ty 5 * 
fUlj'j’l jljJu U . l.o mm *£*-j 20 cm 2 <i>L* ilttll p*J j* ♦>* J 4-®^' p ■»» 5 j i /* Ji #i * J* 
jLl}l ^>JJ p = 950 kg/m 3 j c = 0.83 cal/g jl i>Jiil V *>ll li* »jL>» <*j* 

. 20.5-C Ijfjj j_b ‘Ul j-» 125 g iu>JI JwjJI j* Jj>* 50 g uiiS ^bJI j. jl*li 6y*i - 23 ■■ 
jj* SjljjJl L> ; j ji J->y • *-1—11 J 145°C CJj> i>jJj 310 g yullj >^l (?) 

c. * 0.090 cal/g . . %_uulJ c = 0.031 cal/g . C° J ju»\ ? U>Jl y iol y, L-u ^ Lj . 42.3“C jljrtl 

. JL.S! ^b«ll C n 

vj^L Sj^jll ^ (1) ; ijJkjllj ^11 (> lift l oliUl LlLiiJI oU>Jl oa*»- 24 • 

f USi-l l4o*3 jijH\ Jt ^Idill <iy»JI J»WJI ji 0.006 ^ ^ (V) ‘ 458 ° C 

y j>>i» jb *U< aJI> i> £juuuJ Ijl* i { 11-6 JLi) »UJ jtll jb —i!*)1a 1I »i* 


11-8 ^S)l 

? Ifjjt y jjl-uJI j* l* . 45“C J! 10°C i>jJ i> j* V/* V** - °' 1 *- 1 - 2 G 
V 55°C i>jj lA^Li uLflJ y» U -12“C o-jJ ob 3.5500 cm UjbS J~») f*H\ ^bJl <> 3jS - 26 
0AiJL>JI ^uJI !>ji£ ‘Lill j-s T = -30*C hrjj 12.5 m Ji J^> vJ-JI j* j^ - 27 

Ji jkW> bH ^ ^ ,iA ** 0^ 

11^. y,_..M __ . ash oljAlll »j* Jl» J jZ ^1 IjJ <11 lUj 45°C i»jj jIc jlilL <iil5 

f oljAjJl »i* (> Ji' ^Lul }» l* . *>jj 

^vJI ^UU ^ Jij . 6* ‘J-ll (> ^ Lua>i J^UI J-Ul - 28 " 

kjysJl i«ljJ oi -15°C L>jJ jJj- ^Lp jJj?j 20 U C i>jj Ji* (<if* fSj J!) 


5j^U) U ? Ch ^'-* • 2.630 m yLall 

If Oyiu ^liji iiuj'll ( -15 n C jo# ) 

t^Ju ^ ijilj Jli ^ 110°C 1>;J jie 1 m ^ ^UJI <> JL jil- 29 
iip Sjjtfl) ^jla. lit* , (11-lf J-ii ) 1 mm 1+JjL & <L»li 
? U 3jl^> i>y J* ^ 

0L--iSJl ^-jmSjSJ L^lSoll uJjll j» jily &> f'^- 1 <> - 80 

■ ■ j^Ji mi joyj) 1^0*11 ^ly^J 'r'P j? 

. 1.9975 »j£ ji-Sl y-Uill 2.0125 cm o>i 

kjuii A*kj ;>i^> u,j ji J!. ( 20 °c o-jj jb ui. jOwSi »i» ) 

11-1* Jii ‘ 

' !f V s151 ^ uJ-v) ) ^J 5 ^ 

y» L.. 20°C L>jj j-j J1L- ^ liUi 100.0 cm 3 ^ ijl>>JJ fjlill i> “V 5 - 31 



-435- 



(wUU ) ji* jjbJI jjiJI 

yi US jj-mJ Lj^>JI Sjj^jLXJl jl j_Si3 . *jJj ? 50°C U-jj jup i^lill <L>i jiJI JiUI j# ^iU^ll ^jkjJI 

, UUi tifao culS 

wi-oj jLtfSl ^bLJl jj ij£ *1»Ijjj -10.0°C <>jj j is 500 cm 3 4i*w oJLaJl j«i itj| jl J>j iil. 32 ■ 

L>jj o — L' j ji> t-U^I Jj3 lili. ( jLIjII Jj*iJl) JyUJL <jil> Jl JJj jw tl^fl )L . 3.50 cm 

. ( y= ^/cR^ )* SjSJI ) ? ‘•L'jll j« *#S^ill Jjilljll <j*S j* Li i 27.0 c C Ujjij ii^dl i»jj JJ *jjlj> 

. jlxill jJui Li^jjljj- ll>j.' joAI} Uiif j I jilt _^ixi j>uki_u y_Ji ^UJl j* ^>^llj i.il.nll jj4 Luj>i jliL. 33 ■ 

f jiiLJl J^l» j* ii_Jl ji L 

11-9 f-iJI 

j-h Lj . 2.1 cm aSjmij 1.3 m x 2.7 m ojbui (k - 0.083 W/K . in) ( ^LlLS'I ) i_uk)l jj » J _ 34 
f 27°C j 10 n C L$jjlj> o-jj I j) 1 h J^U < jjj oLduil SjljjJl •u*i 

jjl^_>Jl i>jj culS I jj 1 h ^i 30 cm <5 jmj 15 m 2 <i>L»* LLijaJI j* Lil> J^l> LUJui ij J*JI <ui t j& L _ 35 

v >}l yJLfJI 22.3°C <&\j> j>I 0.0°C 

^ — 1.5 W/K. m jl LLtfjj Ijj, JO m Ji) 1 u C Ji_p^ jbji 3jl^>Jl c*-jj jl yJj^U J^aJI JL>JI oUljj oJuJi. 36 • 

V uJjSl jyiill j* gjt JU Ji) iaiUJl ^3 JJ ^Lill ijl^l i*»S ji Li i <*i ) '!ll 

120 8 C »U Jil ^ 0.20 L)U» siL-j 7.5cm ^1 >IjJI LjU Jus^l ^UJJI j* ijj««L . 37 ■ 

V ij^dlil JjL ji Jl* Jil IjIjaJI jii Jjum Li t 27°C lu^Jl J^fJl 5jij> i>jj culi Ijji . j»l j) 
j_j pyuxi . LijIiJl 0>l>yi ji oJill oLjj—llj Ci'll^iUl l»i> ^ JinlJl ^lll Q* I Ji^ill - 38 ■ 
L*jj JJu J jjji lili 3.75 cm iiljj> 4k-^ i 45 cm x 35 cm x 30 cm L>jliJl toLuij 
J>b jJUl -u»i j& Li . 30 8 C *>jj j^ij Lois 0 c C Ji£ iwC jijuuall J>lj jjljxll 

? i^Ld Ji ^ jjjjuflJl 

11-11 ^ii)l 

i —>jj jr J jdij llL J cJLL fj G50 n C L>jj JJ 0.55 L^IuLlI^ , 1.8 cm L^U ui-aj L1 ja 4 Sy> >~h>».j . 39 
1’ Jj^-i Li^l (>« OQjU 4_d>L3ajl J jbjj t LljJl ^ iilDl »ji ^ Jj*4 jl ( i ) . 25°C 

y jj£j| <L_,|y oLLJl jis Jj*j ^iL> o L (w) 

Jjla* v_u«>l . 0.74 3000 K 0.060 cm L^Lj i_i.tii ^>>LJl ji~.»v iili ciL< <Lij . 40 ■ 

. Aiy>jJI ij^JI jji il^iill 4 lj'i.dl ^jjl fbui)ll Jiil , JLJI J»1j jj 1 Ill Ji) oLDI tllLdil 

o’JaJJ CdjLuil JjLu jLii jiLil ^ i.jII » u> j ^jUI Adij . j^ii v<l>jS (e ■ 0.90 ) j^l r*J pj3Cu»i _ 41 ■ 
Jjj-A* jil>JI yJsuJI jl ijijiil ? j)ji^) Ja£ jpjlJI J^( ij)j> “L^jJ ijl J! • Ovtu<» jj Ju JiJ 800 W 

, llii fLi'jJL iilLJl IUj ^jLS| yL.-JI jtj LIL )ly 

yli-iil o-L-u jl >7i»lg lili . 660 W/m 3 ojji Jamj ^..h *ill ^Li'lI till jjiwjJ ^ILL ^i . 42 ■ 

UJJl »*>JI jj r/jJl till ^x> a Li i 15°C »*>Ji JJ J>IjII jJJI *111 ij\j> tjf jjj 3.8 m 2 ^>JI 

v . 60 n C Ojl j> bfjj >iuli ij] 
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( wLD ijjjl ^*JI ^lyjl) ji# jjL>JI 


11-12 pj}\ 

iLLJi pill Y ( ) yllijll y-jJi (y) Y ^j)l (i) o- “y-** 1 4 cm >*£*- i»ji)l j* U-43 

. 11-4 Jj^JL 

xiili Ji ij—3 ^ i 3,0 cm 1 j , Y a..> i_ilJ*il i j* *iiLj UyL 37 lILlt ji tj^Sjjl S^ylli oulS Ijj. 44 ■ 

■ ^ 

jj ^jUu* ^jL>JIj J>bJL ijljjJl On jjill 0* u*jh 1 JsilyJl J5l» JjI^aJI JuuJI o’ijju j# jjli- 45 
. 1.75 cm U -j u J_S . l l i~> ^yAJI {j4 Cm v^b-jJI ijy^l 0 4 15.0 cm >uA> (I) ; o^UJl * ** ^ 
yjj* y ^L- (->) ‘ ^LSL^I <y 2.0 cm lfl*w ^lyL (> 30 cm *S+* iwl> (y) 

<bU JjLw 

y» Ui i JJ iLJJ jJi'Judl jy>Ji oU> oJpj Ijj . 70 cm <pLa3jI tbLi JJ ^iLi jLy )jy> ^ till ^jL. 4fi 

^ oJ ju> j'..i jf J^LJl f li Xi£ till »jl \j> Lfcjj y f UJj'SI 

jl* o■>& 210 m/s Ujjj itj-u *£y*U «iJl£ Laic 2.5 {j lyilii ^LaJI j* **09 o^aLsi . 47 ■ 
jj plti^l H L. ‘ •“IUJ **U» JJ Jpy J»jJ* |M i ^liu> , lll JAAJI jl ytfjiy ( I) . <l>b aSj*Ji 
yJLi j-i tilkll OjiU Ijj JljJl jJu ^ y>l (y) Y jjUl JJ LfJyoj ik <ilUl 5jl j> i+y 

<j ulLJI plLujI d*j <W«i 00 u 

cwLSj ; ji jllyjj olijL 85 cm^ •ukL 1 »Lmj 8,5 m 4Jjk jaja* jj*c . 48 ■■ 

Y 34°C JJ ik ^}LiL>Jl JjaiJI lyj yy .Jill SjiJl j* L . 10“C JSafJl lj-» j&>0 Ait 

. ( y = 19 x 10 ll » N/m^ JiJL>JJ ^ JiUi J Jjfipl) 

l>jj j-» L* . 700 V, C dUUl 5jlj> c>jj culS Lijj> jyjjU ji Juj^I ^IxJI Jl 1L> li^J> lyj . 40 ■■ 

. 0.45 x 10 s N/m^ (.SjLj ju 2JI <UL> JL>Sl ^t^JJ j_<23l lijlii Y ^ dULJl UjIc 

Jj J-«j* ■W- ^ 1 j* yJlill 11* jili. 20°C #jlj*Jl Ckjjj j^Jl oy-*» ju* 1.25 m^ <*>t> yUl cn sJli. GO ■■ 

jj giLil! jmIJI y-t>l , 5.5°C tQl ij|^> i>jjj ^kJI 11,500 m ojji j»p j!u>j fli 

kJUll ^k*> 

ft|) L*jlj *4 <pj-y Jy> 1J}aj M L j -ll aS j R u l»jiii yu«u yLall utub jtjj . 51 ■■ 

J» j» LJ . ijiJl ^Uuil JiJj fy jjjj 350 S C JJ 5^1 iji^> i>jj cja3j ljl». 27 c C o?jj jup 

Y Jjjj>JI 3jlj>Jl o-jj jle vljjjl Lyiy. iilLj jjSD o^ljJl <£jJ\ 

‘ojoj* ollUJl 4 1 a ^jl>0L>I . {Lq + ALF 1 yo- wyls AT jlalu Lg ^L»Sl ijl *> . 52 ■ 

JjL« or . 3a jjLy t J_jSl <uj\ yt y*iil ijli jl o'Jl olj 

. yudll jjll Jjiajl JAtiSI 

>jxi Jjumj 8jy»s* J*_» jjoj ytfjJUl Ijm jL5 Ulw . 17.5 cm ojJ»i uuajj 55 kj? <ilJ5 *^*11^1 1 > o°y - 53 • 
Ulll jj 75 jlS Ijli . utfjUl >Jiv uy Lu Jl£i>! jjy lsl> ydl y IL j ■> 9.9 rev/s 
Y OjIjaJI l>jj ^ <L*Jllll SjLjll jt> Li \, j^jOl y JJ Jyy JlSa>'il JjjuJl Ji-Jl & 
y» Li . Jji u-» jy Lj IILmII lylpil LyCy lijLu 4£yu till ^ 0.22 Cm Ljli oLu yLsJl ly l^u . 54 ■■ 

Y 0j£)l ^k till If! y'y jj)l L^lSl>'i’l iyjl lk-lv 5 ; l yjl jJv Jjuu 
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‘Uit Jfjy Jiy oljjl OuL Hyu JJ 

j_juillj bjl^»Jl ■uiiLli Ul*ij o_Ali ILjL LUU J] 

U^ju sjUI J a "« LL^il :j_a j ■' ■i"*n ol>Ul OlbJIj 
IvuJJLS (5 _*)Ia>^I) ■cuyL_~.jj5Ui 
pi—jy_-. J^y ojjij ■ 

.4*11 L»*5 i ^)lj . <Ojl^>JI j»Ji jiyij 

<^1 ISW ^>3 u V ots^ oljill JjU UUJ 
Ch (IfJl X**H 'V- 1 *l*-*f* iM 1 ^ • f^ 1 £jj* (W- J £**J 3^ J* 

, c-ljjJl 


4JbJI aljsULM 12-1 


pU»jJI jX—J lfl» 3 jja4 <Cli£ iTta l£**l*JI ji sj^ SjQI J^L jiilw 

ol_!u}*ll ji li ►U[ y jUJl oCs(}> li* 0_j5u jij , 
jy£j j-SJj . J»Lbil Jsu ji> jj olkj>JlS IjLu LID j fit Ji Oj J; » J^** 

k iLij Ia_»x>J bi>j pLLjJl jfit o< 1 yt** cjO liiUIl 

■.. -■'"1 4 yay*£ 'i 4aj^I kiJt LlW laid yi>Jl «i* jij 

L>jjj J#jL» U/4 Jj glfe* ‘LrfSJI j dy old'll tf;U* teji 


. oii<>>Ji & il* jaS 44*1 ik-ydi oijiibJL iiUII y^ijWi ill* y ^i^Ji 0 
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( bjj >ji &iUi j^i #uji ) ^ jiiai >i)i 


ilhHjlil J">L> OjJj—• ibc *1—LI jLxj < l « *n jjJI ^>oJl Jjij , tUl jlio tjlj> 

L»jj^ jl jiw ^i)t Lil^SJl OjjJUl jljuu Oj-Ki j wjifl 1 ixii JJj Lkj 

, ijjljjJl iiUxll jl Omi <U*5 jl 

pUajjl ^JLf j ll>)~ -L_LlAJ oLui lilli Jjl ^>Jl ^Lullall ^UsuJl ^ J 

^UJJ <LUJI 4j->jjJi tiil it^lU . 4_xi iLtj Iajx>J j.i, >« «j> ^JLe y tliiL 
L»i p->oO*j OiljjJl «— ti i rtl l L< -Jb pLlij jl ._0 -at jj 'Ll i>1 illIj <] 

; JamJIj 5jU>Jlj <JL>IjJI olLJli j j>i oLui Ljlj>JI ILiLuJl ji jJ ^ ixi.jl 

ji-jjj j_3 jiUjJi Ul> o >^aj Ijjj , Luijjj'Jl ^i_»j ±<u Lui L^JjLlu j^>l <a*i« 

jy£j ol.^SII oL» jl pJbu jl jkfil j_i jl_i Jji 1 j a*; j! 4_Li oL*£]l oik 
oluiJI oik j'ill k_iyCjJ yiuil LLmJuI LJLkJI jy.:l 'LuLu 
uiy* jljj'il <Ul> Jl Jli» jli j_i "!ljj n jjjJ ja> *LiJ J-ou bile 

j i jl > ' » «le Ijjj . OJ I ><» UJ J] Oj_j> L>jJj 4i«_rj« 4 jJK> ji Ji J*aj 
JUII jUII j^Li Cm 4-10 Lu£ll v L-> jJ** .T,P,V Atfll oL*5Jl ji 
i j j_xJl I j a ^ ■ ■;■! LjJaj LujI -■ Jlillj . ( 1—10 DjUll) 

Oi^olLJl 4JbJb (^ Jill) jLiil T, P, V oLuH! Lluu ^LL i±>1> jilt 
r Jill Ul> jli T, P, r IL)l) jUJI jU Jis } . r O Ojl J>1 1 

oUyj>JI >lJjJ—’ JLj ^ oi ^ILuJL ^5J> Ji jl jj piyL| . ojli Jwi" 
LLb JlxLw Jii f LUl ^IjL jli . <Laj <Jl> ji >Ly I Le l<Lw 

. •u^yL^illl jj Li 

4-413 4Jluu t )j\±> jiLLu J_SJ JLJIi j-3-1 jLlI lit LiL* jiu. 
4JUJI j^lju j-i ^UmJI Luie 4 _oj 2JI ^-Li LojIj l^_I jjJLi ^LiU 
. 5Jl>JI oljj-iioj tvolyJl sift kJJi ^ill Oljiiill ^iLij i 4jjl 4 JL 0 ILLI 
jljjl L)l> Ji jl Jj ^ kKt ) . /*, V, T j» jli jj jfi* 5Jl> Liiijaiii 
jjJI j—e yjl jj -oj oik ilbJl oljaili jJuj LIIj jj*ii jUU <JLu 

. DIaJI oik Jj jliil L^j J-sj 

r UJ| <JI> LLa?y iajiuLiIl oLa!i jt <j'j» <u£ j» ptLlD 4jjlJI LilLJI 

jl oljjJI ,»_u>J lj o'j>Jl 04 —jjkj b pLLJ (Uj JjlJi LiUl 
. f Qilll lifJ DyLlI olLjkJi 

4Jl> JljJ ^ 1 ( jjJI Ly^JuUI jiol^LOl j_i <jmL>J 'illi <J>lill oUkll jjuklj 
lilaur L^iijriu ji«J| ^ill LubjLJl 4 a«L>J| Jj l^JL plLJl <JL> illj J^IUI . yjiill 
<ll» Jljj jj ji u*i ji Jj ^jJlU ji U15^j . illjJl oIj^aI« 

Jj r LUl l^ J^i ^1 oUUkJl fy Ui.lJl UlLiii . yjjl 

. <4mJI Jl> 
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n tv 


( LiuiCujll JjVl jjillil ) jillll J-dill 

j_i l -iJ JjLlllj ojljjJI jli ^£a)I j*) ptlwH <IL> <JIj jjjj iilkli 
r UxJI ^JU JjjL-Jl Jiiil jl ^UsuJl J{ oLsJl 0*5 jS' illjj t UbJl JliJ 
. UlaJl j ^juJI lift klijiaJ b.lWiJl ‘ULulII JU Jjjuu ji*j jliLu fl)l> ja& 
<J ^ ^llj* « fliiuJl ( 44 k i$y><4 jilt 5jlj>Jl OiS » jC JljJl jj£,| killjjj 

JUiJ'il j*Jul»£ j**jflH jii* ji k J«-i jl * jl* iijl»y »’ll f lWt3 
^ J ^1 ojljjJl oWl Jtiiil JIm Sjij^Jli. f UjJJl j* jt r ltuJi J! UP 

jjJ» jjL>j Jsu«J J_l*i olkll JUDI ji £jiil 11* jSkJj . ^UaiU oLbUJl otUl jJu 

J • *11 < »>u Laii jl iTi jl jj£*j 4 .,-J.lvljJI <3LLJt jl kill j . < 4 L>ljJl OUaJl 

. JUlI J^u» VUJu^ll ji Jliu>Kl5 k flUl jt Jjiiil jiuilliJl 

IVMJj'il jylill 12-2 



Olkll kUb 5 jSJ Jl J«»j3 j* Jji Ojlj>Jl ISbilidl Jbfc* ji Jjljill jji>l*)l ij& 
j_» ^ju«i k JJlkll j*—o j_i jjj^ ji oL^j 1 > »LUII ‘"ilj* jl*3 jl i*jj 
* j5L>J1j ^jSi yL> »jljktj jjji ji Sjl^xJI i>j3 ji Jjjj-ill 

JjLJJlj Ojlj_»Jl j^ oU o—1L1I ii^U Jl J«ejlll 1 oP 

. Ai^WI oi» ji- j^ll iJjMmJ , olbljJl iiUJlj 
j^ll J‘Ldi liijj c OiiljJl Olkll j-i 5jjt»a 0*5 Ou«* Ul> ji ^LL J£J 
ji j <-• oLall olkll si* . JjIjjkJI jj obi oJj k_iLuJ Lijki-i pUxiJJ Lc 
L ilUb r LWl jlj_ij (2) jl i fllaiU ol>ljJl iiUsJI ijbj (1) : jiib^u 
Uiil Ijjj . O iuxjJl iujJl jis W J-iAll j_i Oii Jiw ^_i) jjJl 

UM ji Lbli fcljloJ jJ lju J3Ui Jjjlj 12-1 jUb ^jll ^llilli 
j_ij jLill <—>jJ £»; (1) : ptWl ^ j ij** ji iiUli 

ri — Ui jitl Jj j-'b^Jl J[ bi jUJI J ItJ (2) t <|»l>Ul <ijlt ijbj 
, ^lAJI jli jbbi Jlw jb jUb 

jjjU Ujlj oil **"^l liLLil jl JLtbur Dli plljj jl Iwxx) Ijjj 

: jl ^jaUi ji UiSio Ii5bj k jiiib^>il 

f oUii SUI ) ( iftU) J ijl^A f JjVI k/rjW J^ 1 ] 

{ r IUIl J! J [ f lLU l*IWd! J [ f^ 1 '^X ) 


:11i-1 Jii ijys J Uiltf j£*j jjJlj k ArfjlyJI li^bujJJ Jj^l jjiliil ^ bu-aJl »J*j 
olilJ <jdUa JU jj ji jlij kLk'/ 1 

^ 5*-bi Ji—«(j Q = AI/+W (12-1) 

H jb-^ 1 j —»>>* 

. jUJi Auil iO" iM* 1 ' . < 4 L>IjJI iitiJl j*iu3 iiUJl »IL jjilii o>L> 0445 j* JjSl jjilill ji kfc^ 
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(li^/LoU JjVl jjilill) jiit jilill JLill 

ojLiJl ; Li»l jj *_jOi)l oLcljj t 1 Jyi JjS'l jjiLiJI j j l ill jLt 
i ^Uiill Jl oLill Ojl^JI Lib jk Q <. L i« 5 Jl 3 . <ji <I>UI oLSJL) 
jj A U jlj <iLij 5 . oJL- jv-L Q jlj ^LkiJl j -4 yl—uj SjJaJl cuIA Ijl LI 
I 3 li f U 5 uJI i&Jjj JjV> JiUI JU( W Li# i ^UiiL) UWoll ttUI j wl*jJI 
Mi£ Jj_jj jlill jlj <. jJti J! y'U^I fLijjl 12-2 JAUl ji jlill jlA 
W jli L*jl> 5 j 3 <kJ^ JLI Jj ^lAJl ^ia IjJ Li . IV j fit) 

; jl i ijj>Sl ijljjJl to* i^Alj , UL jl»-i Jjx) jlill ji UL 



(I) <u> 


:12-2 JL 

: jllA u-Uill LAO Uluull OU li 
. AV = AA y 



Jn-i. uadi j>ni u 

iilM Jjf aJVI J L jj. iiJjtl I ihl 
J| jil & 

>jJM li* j > 00*4)1 bli-i tljjJlj 
->Lj j-lijJ ■>>-•»> jljjj Vf-H 

J. ^ficVi *>J cjl U* W*J . ijM 

I j>—4 Ai ijjljkJ olill 
. cjijuls ji jjj* 


Jiiil = iyJl X LlUl X cos 6 

i 

0 v-oJl ji 12-1 J_£iJI jj Ja-^j . 5>lj^l CjOLj 3j*JI <*2i j H “lijljjl B vi»*> 
i ^j*k y-l$l ji jafj ) F JjU; Jfi\ J] j-LAll ^ jUll Ifj yy jill 

4_L_. I Jj i Jl J * *■ 1 1 jli As Itjji is La JLI Jj ^LAJl J >>w Loitj . ( 0*1 

: Jj*#- 

lV = FAscoa 180* = -FAs 

. UL Liu Jj Jjjudl JiiJI JjSj jlill laijju Ljuui . jj| 
. jLill "Jl> jjJuj ^lll -uLfjUl jl la"Aj Jilllj SjIjaJI jl UL Lk>^ 

Q j>< J_S jjU i—iljj j^ll LUc Li*j Jj'ill jyliJI ^la>uL<l UAu j£)j 

, OjIjaJI oAwLjJI oLUaJl j* JJi J* W J 

j>JI <u5U«ljjjJI SJUJi jJu frliji Jjjull JiiJI 12-3 

JjLi l wLL 4JlLu of i > « \Le j_« otib jj jAL LLllii jl jmaJ 

y^LSJl Ii* jjj jUJL jlill jl yijulj . 12-2 jSuilL fox* y LA * *Ap>JU 

: iibLlb 3Loll UJUI ait UU jlill ImL JL 
^LAJ! jjj 

P-L a - 

A ^LAU L*kJi i>Ul 

Iju* ♦LUl , (y) ‘j^JL j^-u y LA AV jlai*j <U>-J ait aaiw jUll jl ^ju) 
aa^jJl iLlii jlill *L_>ljf JjiUl Jilll jjA^j . Ay 0 L 4 ^LAJI *juy joUI 
: jjl ilL>Jl ii* ^ 0= 0° j] iu>j (/’Ay cos0) 
WsFAysPAAy 

: jjj 1 AV jWI j Jay j* A Ay ji slw>j 
W = PAV (12-2) 

JU)1^ i UL/ AV j ySi juaitj i JL5U jlill jli ^UduJI j* Sjlj^Jl oaii lijj 


» 
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(IIuLjoU Jj^I jjjUJI) jit* jjlill JimJI 

Jx-cvJI jl Jl*2 ill>Jl ilb , Ci;l UL jl*II Jjjfll JviJl j 
^LfcJl Ji HjuI Jju j3 

^jJl i.UAiJl jjJaJl ^J-*] 'ij yk L. ^y> lit JiJI ji ,^*^1 o») 
lj_*l J-JLJJI *_iL> jjSf kxftl! <Jy$ <Ul> yj t ^IkJl.pXX If; Jtiui ji i£*i 
^_U jl pl—kiJl <kJj; ) LijIj Jlu Jiill j&j . W = P A V : i^U J 

jmj ^lll iuLuJI jt jLJI uij-syj i plliuJI y y*i Jli* j£ ^ 
jj J S ^ JiSJl 0 L 0 J iuli *LjJb Jl lil^U I'i+I 11* If; 

j^Lwj . kjLiJl i-Lti oLLaJI jj lxii t i-Jjl^Jl 

^Lyi ^mijJU J jJlj ; f*kl J;li* I J****. iiUi.-'Jly dJj jy>i 
yi j-b iluij J 0* J-* jkxiil •" Ji* W r*X) ■ (12-3 Jii ) PV 
Jl*j£ LJLe IjJ <jl dJj . jliJJ 5-Jt> JiaJ/’V jilfJI 

. Jlill 3 UII jjili ^USi-l; ijlyJI <*jj «jL> uin jUUVjP 
jJx jli j_» LiuJ jj.uh.xt j^lIU j^Xu 12-3 JSLiJI ji B j A jloLiill 
^jjJI cJLwJI J_m 4 * B JJ A j*> J-^iyi kxll Lti . P A = P B = P Jm^II j-ij 
iJL^kJI ^iy k-iJl llA J* | 4 -JI »U 0 l jl ]»>%!_) 1 *1* J! 

lij-xp jfjuJI jl p^JLJI j-iiSl kxJl ^ayj . UUll ji ^1 If; ^AX; yJI 
A SJuuJl J -i*t>y j-5k 4_ii Jl LLiuJI »ljb j }p)\ jAxJj . kLill £jy$ m£ 
LijI j> j a..I._.' iJLp (fit JS JjU; oljLJI j* ^Ifj 'i ja*; B aIuJI 

. JiJl jj «Jixt <f»S 1 iilixt 

: 12-3 JIDU o^^ll kUJI W 'dUl »l3l JiiJI v 1 -^ ^ ^ 

W*PbV = P(V B -V A ) 

3^\ jikJil b-L- jl i ABUJIox; JL>UI ^ Pi V„ - V A ) 

A UUJi JJ B HLxll j* LUkl Ajlni jAi jUII jl j^li jijiiji . 12-3 Ji-Jl; 
ji ^Uiill jk Jk JaJI jl J! jt*i U« ; lIJL I w y j*j * AV ji*S<- IjaIt 
fI j&LJ jj| iijjj-Al 1 j-» i jfki fl kxJl k^-xJ i>Lll jl . ilWl »i» 

• (-) Jf! jl (+) ■>•■>>! l ^ 11 ft ,3 1 ^ *<^ ii J l - S ')l | 

)Wb) 

12-3 Jli 

11*11 (Ulli fUxJl Akl>t J>y*ll Jt*Ul 

-’■ *-■ kLJl jjuMi kwall ujfi lit 

• PVj ^ 



Va v, 




( IXwLyjJJ Jj^l OjjUJI) pit jjllJI Juiill 



v„ av v; 


: 12—4 Jii 


dk ..1^ JiuJl 
j'- i LI U*Jl _/l A dlaJt j* Olliil 

J—**j jiil PV uju > ;jnn«il 

. -uLujl 


< 1* til ( 4 o1>Li1p' 5(I ) -uU-nJl jxLcI , Chj&Jl t j_* j*5ll ^wuJ 

t i*UI «Lii l*_ISP, V, 7 oluSJl jJuj i)Wl ojjb Ji, J . 12-4 Jiill JAB 
i 4 -JlmJI lj> \jxm l*j» Ji*> JSLiJI J jiUJI ^yjl uulj uLiil ^ 
lj-* j-i JjV* JajSJI jli >jtSL»j . L»»ljji litU luLdJi jLif'i J& < J] »jjm 
JJ A (> <u1»aJI J^(i Jjjall jKII Jiill jl>u}lj . PAV JjL-i 4^U*Jl Jy 
Ji* <j_« L» uj J0£ £y 'Cje OulS y US 4 uUa 1I ojjt Jj jlul! IVA.j . L^JS B 
iSj-* J^ill j_« LuS U_u J)L> Jj# yjlj i SjjLfiJt <***jJI oljjiil 

J-a-SJI ip PV jixill jjuo*Jl i»Li! 

A j_J >• ' »' ij j n> i l l i>Lill l SjAmJI oULll sjjt fy>u OjL^ 

: $i jSJi-i iji*j. (jouji jjjSi ^yii# ttyui i>ui) b jj 

C*_>J Djj . f->> « l l b«LJl ^y_4j Ljl^JI <A.«LujJl illajl jju *U3l Jjjukil Jiill 

■ FV f-y 1 j <*MI 


Oj-% ‘ *-j£mUjJi 1I <Lx*jj pj^>JI 5 jUj jit Jiill 0^1*1 

^,rij~r jit UL 


12-1 j>±!>y Jilt 

•jly> *-*j J • 12-5 JiiJL ^yi ^LSJl J* JUuS'l oi^i 

t ^LLiU pv .yui ^-yu ovjyi <*^y»)u ^i»sLi! viu^y iiiy^Si j ji«ji 

A LJlxll ,> dual jut jUJI <L-»ly JjjJI Jaiil J>y . lj 12-5 JSjSJU ypij 

. c J! B J! 



V 
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(5*jl J>i I liuliuU J^l jjiliJI) ji* jilSJI >iJl 


I jut ia->^ . ClaJ v_iL»> a>i > JValwt 

i jjjVlj Ch 3^ 

oUL-il j »-*> ilu_JI JLSLiVl ol* x- 1 ^ CP[ W* 

; yi AB rj*JI *ii>j i>Lil. ii>Lli Js- J-o>J oJLJl 

(5.0 x 10* Fa) [(800 - 500) x 10^ m’l F = 150 J 

( jllUj , [ (1 Pa)(lm 3 ) = 1N.m«1J 6|3y ^ • lPa = lN/m*c»i^] 
: j* C Jj B ji o>j Sj ^ . fl» «ll i>Ll( 

(2.0 x 10 s FaX2U0 x 10 • nv>) + | (3.0 x 10® FaX200 x 10 -6 m :i ) = 70 J 

jj OJtfLill Jy> Vj-e J^>1» ull (ijLu ^*[11' O-U* jl 4li» xlu> 

: (jil . gB/il 

PV ^LkIII A»J UL11 - 150 J + 70 J = 220.1 

J*JI $ I fjk>3\ J C&> !>H3 Jlill lia J yll ji 
jlill ik-l r Jjlil Jliil j\ g3&J tiili IISjj . L)L jU)l ttJjt Jjlll 
. -220 J B iJUJU I ' J}J 4 C Jl A UbJl <> aJUDI la 
^Ja 1 .-If" PV ^LJ! ^jll ,>l£ lij jUII J«li* Jl-J* L» : jijAi 
, — 1A0 J : 4jI>VI V C JJ A tj* { & ** 1» jjj-a 

py p*j)l ^ OjtjjaJi <Aulitili oLLU aJUI oljlUl c«[^ ijij 
i>LII i_u jfc i t ii->j...fii lj... ai| Ji oWl Lfr l .j > jSlu 'i ol>L 

obujll Jue ^ J ,L p-j <3^ jla A*U*JI (jblll LioO 

. jbxiil coa 

JIm jUJ 4 jI>IjJI iiiyi 124 

^_Lc ' JH jUJ i-ilSJI LJU^I lill» (*fl j^UJI JumJ' ji Lula 

■ jUJI 5jlj> i>jj 

ke =Nm=mhkT)*n&m ( 4 - 10 ) 

Iran* 2 2 

i Jiy->\ . o^U k t jliJl o'liyil jja n < jUJI ^Lu}> Jilfi N '^ J * > 

L^iljJl UlUlj KR llBU4 IJliuil iS’yJl lilt (>*; ^ s Xa)I 11* JjUj 

. jUiltf 
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( IjJ yJI ISajUJJ JjSri jjiliJI) ji* jjljJI J«m)I 


t 5jUI jjUI ^J^JIS 4 oljj j* o_j5il< oljUII ji ^Ull j* 

JJj jjfi ‘L«j . *oJllw'il LSjxlf Lilt <J)L> jjSI *jUIj olilt IfJ 
Lilt jjLu L*UlJl LiLLJl ji jLiit\ - ojUl L^jUi oljUUl LIU y - UiS-u 

: oJliu'ii Lj>Ji 


(SjjJI Jjui jUU ) U*YE tnnn = | nR\T 

cJjlt jk jjjLJL ixijjtj SjiJl jjUI jUII 3jlj> Lfjj ^i jivJI jl <JJj j* 

: UVjJJ iLt LUiJi 

At/=|nffAT (12-3) 

j_« j^Jili ji j-iij otiuj* j* L^ill oijUJl 3JU ^ 4*UUI lilkll jSJj 
LiyQi ciljUl ji JJj . IJUsfill 0 U 3 JI Jl LiljjjJl jjSltil 

jj lp*i bjjj ^jJI oAUa> 5JI aL»Jl ujLiH ji Lf^Ltj 
^LkJI Jj» olL^JI sia Jil ^JljJI ^jfi jli dJj jifi ij^Uj ■ Si}*!! 

LUIjJI oltJi jli illjJj . <JL»! ji* 'ij ofi> Jwl^l »U jit Ljy*JI 
oljjJI Si^oc oljUJlj ( i^j-> J-£l j#-^jj j* Lj£l() »jj)l LiU oljlil) U 
oljLJI LIU l^ijjj jj jj$\ j j$j (J5J ^i$ti oljj kliMi j* Djill) 
1 <i£jll oli^ LtiWl jSij * #jljj*Jl i>jj ilt # ; iJl LjUi 
Uilj jit. U LUlJl ollail ji ojj jii JJj ajj jjill tji ^jlo*l j*J» mj 
. •jj-n/fJ’ ji X jj* ,y 


2 

jj U . 4*1—11 (12-3) frUli Jt* lUj 1 SjjJI LjUi oljUU X = 3 i ttJ 
|j_k^ . 3 j_< jjl^i jl 3 L>>^>w 9 bju> j ySj K jli ^»1(l oljUII JJU 

• J* J*yi 

j£ j*mZ LJUI) oljLJi gii U Ui-IJI liUJI ji (12-3) UjUII j# )U5U 
ji Uu5L*i >Ui<j . Uwi LIU jj*** jM U jli LLej T p Ui d>lj <JU ^±t 

: U *uiLJ 

5jlj>Jl jUjj ^ Ll>ljJI y j***ll J 1 ***!! 1 Jl*» jL* ji *)U jjiS L^if 
. JIS1I jUJl DU Ifi juuj jiil <J*Dl k ^ vW-^j ^*>^^1 

ji JJj DjjJl jj oLij_p^Jlj oLiyj^Jlj cJJIJl o'JJi L*L»#i * 

. ll* L 4 ILJ 1 o^l jjJI oUjJ J* L^-x« jjj "i « 1 » UilJI oLUl oIJjj ^ olj*wJI 
jjill IU j W** lM** J 4|S>!) 
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( Ojl>>JI LsLwLjjjJJ Jj^l ijilSil) ^ jilill J-aill 


AjJlill oljUU 5jlj>Jt Jlliil 12-5 


I4UI ^ I Q* J-UJ 15 * 4J4 } ;UII J! Hisill SjljjJI <**S o*i*j 

*gui ^ jU^ JUaj • ( yL > y,j *W Q ol* <Vj) 

oLUIl : Laj tyfJi i/U y(**> ^ 

. iuLjJ! iiU olJLwdlj f>>Ji i^U 

^x>J! 4 jjIj oLLjJI 

\jJu» JjajII J-iiJl u>^ <-*■»■* *> £-• Jl JL^: Lj^ 

Di_* iiliJl 3jlj>5l o' Jj^ 1 Oj^ 1 ( AV = 0 jS ) 

^jl^Oi ollgjl ijLj ji . ‘ ll^ * i^. ' > <)L>Jl 

( it* ) Q = At/ (12-4) 

SjjJl <*>Ui 0 I 3 UJ 1 3JL> J AT j At/ ja o>U)l ji (12-3) UjUII > ^ U^)j 
UiUll ijljjJl o^UJI JA; Uil* t -ulcj , At/ = |nl?AT ijjJI ^ 0^ 
: <JjU 1^ AT <3jly» <>jJ ^ ^U)* Q j^ 1 J! 
Q = At/ - ^ nJ?AT 

joJuJIj Q ojlj^M u*£ <j£ *■*>!) ^ J* ^1 '■A’"** fJ 3 j* 

4 _jrf^ill ^ oAll ai*j v sjUI jt cuw AT 3,1^1 *>jJ ji jJU* 
^U 3 wUl i-S <j£)j . ( 11-1 UjUII ) iu-Jl ItSm *i*> 4 c = Q/m ATSjLD 
o*>i)) Sjlj^JI Jm>! UlS^i fj . o^U oljUII iJl> J 3 jU 

; jHKC(ioyiy) 


Cu JL 

nAT 


(12-5) 


JLijj^l 3 .1.° J4I1U <U»*i)! til ^1 kihi>J . jWl y* o*)iyi JAC n kiu> 

JJjJj . LfJrf uijJ-fcil ^J]< LilwOl Jl jiAi kj-ilij Jty C Jiiu Urflc t J; 1 ^! 

. ^**11 tytt ol*Wl 3JU ji C r >j]i f 0>i-i- Uiji 
yi 1 Q = —/iKAT jl (12—4) j (12—3) y^l)jUil 

. ijfll ikuJl 0U\ J» J-»i- (12-5) UjIaII »>Sl i>5UJI ii» 

( SjjJl ojL >1 oljUU ) C v = |i? 

: Lu'il iiWI Lbkiu liijUl yA yli Ijjiw yA'lll olu^>/l ^ 
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( k,lj»JI liwUujJJ J^l Ojilill) ^UJI J^JJI 

<V -k\ 

j|,LJl jlJLII \ij/Sj US jj£ K vi^ 

I v L j JI 4Jblj oLJUxJI 

c,US oXi <Ui *Ly * kA-iJI iiL* L*U)I jW=PAV j\ ILL l^i ; 

: J* iJL * JI »j* J J/ll or 1 * 11 

Q = AU + W = AV +PAV (i i2-«) 

: M«i Jttll jUll 0jili # >3<li P o^i 
PAV=nRAT 


: jli uUj 


Q = AU+nR A T ( v 12-6) 

CYk^Ji o>J ^ Li^l tyli J/J i C, UJy 0 i ^ uSj 

. JUItf 

Cp = i- = A^+£AV 
»AT nAT 


AU _ nRAT 
nAT " nAT 


= C V + R 


: oj| ‘ jUJI {y Jt 'i »j* J 
(ijiJl iijUi oijUU )C P = ~R+R*t-R 

( <w>*Jl oljUU ) C p =K#+R = (K+M 
o*i x^.c v ^ Ull^i C P o£ o' VOAJI 
‘ ( ^ 12-1 ir* £*;) W* 11 J^ 1 j* ijlj^li ^ 
• £_»j Jjj <ii i Iai>ljJl OlUl 5 jL; J ^jUli cj^Ji .>|| f I . ; J 

ji j**d! Ji US' i 3j*S Uy]\ Ojl^ji a\s Ui 5 , oi | 

. UaUlSjl^l L*S 
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( Ojl j^kJI ISjjM JjVl jyttll) j* jiUJI J*i)l 


oljUU UOi\) 4a*yJI ijl: 12-1 


c»(Jlkg.K) 

Cp ~Cy 

R 

C P 
y C v 

C P 

R 

C v 

R 

jW! 

3,130 

0.99 

1.66 

2.49 

1.50 

He 

620 

0.96 

1.64 

2.46 

1.50 

Ne 

310 

1.00 

1.67 

2.50 

1.50 

Ar 

150 

1.02 

1.68 

2.52 

1.50 

Kr 

95 

0.99 

1.66 

2.49 

1.50 

Xe 

62 

1.00 

1.67 

2.50 

1.50 

Hg owo 

650 

1.00 

1.40 

3.48 

2.48 

o 2 

740 

1.00 

1.40 

3.48 

2.48 

Ns 

10,000 

0.99 

1.41 

3.39 

2.40 

Hs 

730 

1.02 

1.41 

3.48 

2.46 

CO 

810 

1.03 

1.41 

3.54 

2.51 

IIC1 

640 

1.00 

1.30 

4.37 

3.37 

C0 2 

1,500 

1.00 

1.31 

4.23 

3.23 

H 2 0 (2Q0"CJ 

1,690 

1.00 

1.31 

4.24 

3.24 

CH, 


Jj y Jt je* fi U OljUIl £**} 15 C l*jj jit 


C v J CV Oi-s^yJ' ^ pill 12-1 Jy*)i Jl*i 

iu^jUi Jj ; 5yJl ojUi oljUil y « 1.67 &i k>'i . oljUJl jo*) y 

oljUJU y ^ o|J -illlS ! T-1/J B L67 j-* U2-7) MW 

iLl—JI Lu'ijlu jl jj c jl£ J-5J K yL**J ..)l j-i»i 
Jjj_*)l 5jj_!i oilw oljLJI 5Jl> jJi . y * (K + 2)IK ji jf" 

jlj oSjil oUu^ll LuJJL 1*1 , ■ 6 j! li-*j i Y = 1-^® = ~ 0* 

jl jj| JJj ji . K - 6 _^Ui y o~a!L< **»i]l • Y s ^3 * ^ 

JI lS j->i »j—* iyo ti* * ^ tyl-' °^y -^y 

.12-6 p*SJi ^ K l*i» jl« iiill* 

l .‘X.. oljUD LjiUiil JI o'jIjIaII Ov^J ^>Tjbi»lS\ 

; 5^1 U>*Jl ^L>uJ 

c f- C -fr --1 )l C,-C,.« 

. oljUII £m»J £*-» li* Cli *N- 12-1 J J y* il J! 
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( LiyLujU JjVl yjjliH) jiUJI J*i)l 


12-2 j *yjJ Jilt 

H« . )l \Lc ,> 2.00 moles »j\j> i>jj oplll 4yS y~*>i 

i_jul5 LJ-ip (y) c ^yoJI oLli LiL* (i) ■*; 50.0'C JJ 20.0° l>y j* 

. CO, yjjjSJl jyjl jjij jUJ OjLjkI! 5JJ> jj5 . iwuaJl 
: j* Jijjli ijjk J> LuUii o*!bUil 

Q = «C V - AT : (I) 'jpxl' yjJJb 

Q = nCp AT ; (y) »j*U <yuJL 

r >^4JI Ul> Cp = 2.49 H j C v - 1.50/? J o*i 12 1 Jja*JI Jj 

: jivJ-fJl J| tyJLi i jji. He 
Q = (2.00 molH 1.50X8.315 J/mol.C n X3.0.0 n C) = 748 J (i) 
Q = (2.00 mol)(2.49X8.315 J/mol.C u )(3.0.0 u C) = 1240 J (y) 
j b£i 0* C^! ‘ j* !>;•> ji o' 

Sjjyi iyi jl jjj JJj Jxk» . MJ = 748 J : liyl Ij>Ij yl>UI oUsJI 
. JjL*jJI iliui JjLill Jjj ji oily-.! J (y) (^>Jl ji 
yLi IjuSjy . Cp = 4.37 R j C v = 3.37 R jji oy$\ j*-Sl ^ *Jl> j L< 

; JLJIS ^>i'iiU«li yjjU ^ LyL> y^lkll ^ui5 

9= (uo} 745J) * 1680J (i) 

Q= (Ho) 1242J)=2180J M 

Olkll JJy 500 J OjjJj . yyibLJI jy jjill jl LsJ L» 

. 5Jl> j-3 iltji u-ij UjyJ jjLy v»j i jjlmJ! UajI JjLill JjuJ i>Ul! 

j-j I f * « j1 yJ yjif yjJj£)l O-jil jiti ij\j> 5->jJ yilj 

. (fjljjjJ 4j»yj iiUJI ja*i JMI yS vllijj ^lyJI iJl> 


oljUJl AjImJI j>JI 4 j 5 o«LjjJI oLLjJI 12 -(i 

yl jjjjjb L V *—i P JJ *j Ajjjj ^LLy Jlu jjj! . TV ^jLJl ^-jyll y_y aif 
Sjlj_aJl JsuLiJl iyjlS i>jJy <1 uJ*j ^ ^jJl olyjiill 

oi plLiJl »l^>i uy 

vSJ_>j *LL u LyJ1> pUjJl oljyull d*J>j y. uj J.4^ UfL. Uuiiij J3j 
^xxll Uj'J oUaJI jJi 1 ^)_jjLlaJI yxilk Jji , iyO OjijJfcJl HjSyUyjJl oluill 
)lj L >»J JJLw 4 |I««1I iXJkj t ( 4lit*H j LL>I jj^!j ) 

4 ( OjLj-yVt ji )1 mJI 4JLa)I ^3 ^Ull VUaJI U . TV^lyjJl pyll 
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_a,_ 

^Uu l ( X t i i L c ^ ^1 >j^«juJ , PV jjiUJl p—» jJI y jjiii Jl*j yillj 

. oj>^l <4jlj>JI <^<UyJI oUi'l joaj Cjyu Itfi pLtuJl ji 


jj —>^ M'j>■“ 
i—+.i-j 4>* JXi 4Mis» Ji vljbJl 
oA • j** jj* c^j ^ u* 

( T ya-M IU ) yfl^l kui 
wLIi jL-aJl £—*~aj I*t Soil! j* 
j—i Hi. (JAUli U li»j CyMl* 

. £UljLJl 


: 12-6 Ji^ 

. J* >>>H' -kULJaJV 1‘ V fJJI jJl 

o-H *— fcU3' J—kj A'B 

J _It I j jl J* lijj lit ^v!l j Juuoil 

niu. Afi t> 



( <u«) 5jlj>JI i>jj iJutS «uLfcl1 


0J _L yfl UtS ii-L f Ukll yi ^xvj yd! oljettll J jij&i PV 

. «]»>J 3*i Jut fl£Jl tljjki JS yi *;I/JI i^Ktll 
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( 4jjlj>JI IUiLujJJ Jj^fl jjjliJl) jjt jjiill 

LiLJ! ‘Liil A(/ = 0 jj] i Jai) ojlj^JI i>jj juwu <uUU! iiliJl ^iu>j 
; Jj JjSl Jjj»L iJUJl d!» 4*4jJj«^ ! 3ll 

(V^SUoUl) Q = W (12-8) 


ji .*>wiI^ . jtyy-ui\ jaJ)I »UJl JUJI Ji ^ JlflUJ oliJl 5jlj>Jl J$ (jli U&} 
JUU* Uj—» *LUI jLiJl jk JjjJl o!» 1 ^ 

Jli* jU j» iUiA jlf i Sy^i I 12-6 Jill I Ji*<j . J»^>JI J] 

<^h jJ-Tjlf^ jl (U> y jjj) jj! j» ji> £ •>*» (ijl>* ^ Ul> ji 

Cuvij Ijlj , ( 4JuU 4_3 jIj^ *lL £» ■Ui j! 5jlj>J^ jUJI «U> |j' 

aiU *ku oj*> Jiy jUil W jljjj Uj- ^U5Jl jrfJui Juj Jli^l 
U<U IjljJu (ijL-o PV OjjJl J«oU jlc i^ali JliLI jUJI j^ili til**} 

*u;i v ^ L-«u v-'^! p jl JLJi* j-iv ^ i >!* 4 ** 

: Luyj-u^l aJLmJi 


( Jttll jUJlj <* yy^i\ LU) ) P = (12-9) 

p->il ^ (pij-yl JjJIj ) <i*yy*ii\ ie^wJl jIm LuLj ibLII »jj» 
ouujjl LJ5 *JI La Jl*}U ji wUkuj . t_> 12-6 JUJU £b}ilj i PV jJWI 
f/yti 1*! ^LJIa> , )II J| vJU Ltf > pW* 1 tyy* <*j J 

AB j^l pij*^l j» 5jlj> Ji** v 12-6 JUJI y A'B' ^-*>*111 
jjt pijWi.rfL <U4ji}—jSl < jlixll tUji J»jjil Ja«*U jlSlil JjSUJt ^>-4 
wjllall J*\ij I ^yUii jy O%0i «i* jliiil oS I^j. J*lU)lj J-liJl V L> 

: Ua UuljjJl oulJl». Lli k jJUl Ij^J 

V / 

( Jlill jUJl^j Lijj^-u*ll 4jl»»l)) W = nRT In 

'i 


^l+JJI jl_*>AJl L*a V, j Vf i u^J ci!UI 5jlj—>J^ L*jj ^ T >i h> 
k>M<j . ( 3 j-xUl >il) yUJl p^jUyji Jljj In yijJI ui » jUU 
1 (> jiu»l JJ£ ^1 In (ji JJ j . <Lo»~aJI ijb)’U Ji-jl ^Jaiu j-oUJI Jiiiull ll» J 
. Vf < V, l!u> i jUJI LULa)I ill> j* oi*j 4 iJL 


j jl JUjwVI fljjiw *uJU*JI 

pljjjJJ iejijjJi ibu*UjjJi *JLJl LL jJuj ^yJi <Jl»aJI JJj jA i^ijJi LwU 
i ^Li*i. OjUUjVI LImJU ui yj) i J»*>mJI Jam/^JIj pLtJJl jjw J^j> JjUj jj^J 
j j\j-> J.'L ^1 JUa| 3jU JsaaJi k-yi ji Ij*> ^ Jj* &! 
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( 0 , 1 yJI ULLJ jji\ jyliJI) jie ylDI J*i)l 


. <_yLU:i oLtLf r UJI J_>Ij «ij>J yJl oLLaJI «-ul> iL'jjj . 1,$im 
jli i ( VL jUJ *j*Ji yLiJl Isbuau'j'li ) iilli <ul**Jl cw^>I Ijl JJii 
5 Jii-O Sjjirtdfl 4 -uj\JI Squill .llij J^L> pLtuJl Jj »l j* Jilu yll SjIjiJl <im£ 

Lj i^^jl j^j <^Lm)I lib jli </tj . jSu^ viiI jl> 
»i-* , LuLUj'il oLi**Ji Q = 0 ji yyb jf liiSLw iDj ye tlb 

: ij^Jl a = At/ + W JjSl j^UJI i>(* 4 JUJI 

( oJbl-jSl oUUU) At/ = -W (12-10) 

» Ol>|J| Jiii j! JuV Uilbjl 51ii f leull Jjj Ijj «ji LD jjjj U^UII si» 

J_jjJI jli Ijj LI . < jlVIill iilWI ujL-> ijjit Jj_w J-LJI jS llJjj 
lju». <JDl oi_» y jljjJ ial>iji olixll jli r iyi ye IjL yl^L^i 
oLLmD ji A *z jjMljiia— il 12-1 Jlillj 12-3 ^-a o ^Jill Jlill ji J*ii 

. J^ L ull jmh Jill I jUD yl^jS'l JjLJl JilL Dili j'ill 1*1. ‘L^IjS'i 
PV = nRT j^iliJl UVjj <uJbbj'll oJDl J 'i Jilll jlill <Ul> y 
j_»j 4 _LaJI »l_Jll ypjj I P, V, T) il'AJJI <JD< o fjjit ji 3i>< 

jAoj . 4_ybbj“)ll oUUaJI Dl> y oljjuull 3j> jJj jjj Jj>l iJjlw LjJj 
ojLj j_j 4 1 nSLr J*jL« jlAll ye JjLil JibJi jl HUll oil rliu_>’ 

Ojlj_> 4_>jJ yU yyj <Jl>UI OlfcJI y jjiyi «j*j . OlkJl 

JJ UIUI LiLL j l > u ji j- L i 3jlj*Jl i>j-t y II* j-H j>ilj , jlill 

4_>jJ ^j_3 3jlj_>jI 4_ui jj_z O'iL jl>j] jilll jj oli ^1 jij . ^'luJl 

L*—> Jlill jlDl Dl> . c-oLIjSi 4JDI <Jl> y y> JiUij sy^'i 
: ^ >jiili Jj y lie L jjjj 


: jli t ^2 ' ^*2 Jl ^1 ’ ^1 ’ 0"* lubl J l 4 >1 aw 1 Jli, jli 3Jl> bl ijJu Ijj 


IV^' 

:12—7 Jii 



P l V l sP 2 V 2 f 12 - 11 ! 

, jUD y=Cp IC V kL> 

ji . P - constant / V ij^Jl Ji i^l^l^jSll 0 W 1 »1* i£*y 
jO Lu ^y_jl JjuAy 4 —uLLjS ' 1 4 1 1 * w 1 1 y V Jjbjj Jib P jli . bllj 7 > 1 
. 12 7 JSiJb ijjkj ; P = constant / V ixtjl^^i LaJi 

: 12-1JU* 

c ^L£)i (ly^ji |J jjj ) ot*i ‘I^Jl JxiLy Jj^jJl Jyu iliyJ y 

IJU 0 Jyl>Jl 3jlj_>Jl L>jJ jplj . 4jijlj> 4—>jJ fliijl J! 4*1*11 jjj» Jjjl^ 
jijJuJ , Jbut)ll obuw JLlLiI JI 4>LJl jo jyLxJl Jjiyi JU-i'l Lli 4>ji 
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J! giihii 


(UpM Jj*tl jjiLUl) jifi yittl J^JI 

U ^ ll>lj !♦>* ^I+DI <**> p-u ^ il^i Uiy ^L£JI oi 
5 jl^>JI P, = l.o atm jllj 3 /)ll Jm^)! j,IS Ijjj. luiji'il! ^ ^ 
T 2 i ; l^l l>jjj P 2 JmLjJi jukjl , 7\ = 27.0'C oJljiVl 

H 

• J 1 ^ 1 j 1 * 11 Or 1 * ^IjJvOwl ^ Jj ; Jlj-, 
f* &*) 7 2 » P 2 U* * UijJ j fit-) t pjC iul^ll 

. jUJ! ill> jiAH ^lll U*aJI ^ic 4]>U 1 bJU iftU 
S a*LJI Ji jaLu jjjl Jts_ r Ji p L : Jlj* 

: oliS* OuJlw i PV r = conatant . 

w T »W 

^Jl^Jl 0*-***Jl OH $ UjUII »ju» ^ i_i>yi p P 2 ji iLa.'i 

y = 140 oi +i 12-1 Jjjl>JI JJ ytjILj . (V 2 = Vj/15) <jLlL siu I, 
JJj ^Jp .Lj. LljUl j .I^JI oU^I 0I3UII Uj,N 2j 0 2(> Jfl 

: iyUS 


fflT 


^ vP 2 ^iv r 2 jb^y juii 3 UJ 1 ^iii f iuia-i • ji^ 

? ^v$-»u n o^ll 

‘jr* j-* JUl!jWI Or 1 * jj’W lj* 0* gj>JJ <^!> k^l : ob^ll 

: jle US lu-J 

s. W 

rrw 

? y^UJI «* ^ ^ (>P k-ao olj>j jL : Jlj«i 

«jlj_>J! i*;J ^ JliH jUJl Jy$ j SjljoJi $ l2lj y*, ; ol>Vl 

. < 2 lUl 

J-ijj (15) u yLsJ . gUll Jji>j 4juL> ^laouwl y>^ , "i ,.-^ ‘ t lu J_«J| 

: 0*! ■ 44-3 J**I- jJuiP; i - gbill Javalj 1.4 J>j] p* x- v ^Ull Jabilj 15 

P 2 = <44.3)P, * 44.3 atm = 4.48 x 10* Pa 

: ^ J-A0O 7j yL*>J Uj 2)I ai» 
r, = r, ~ / 5 a 2 95 (7 V = 2.95(300 K) = 886 K - 613 V C 

• Jlvi^l Lili <>jy 5jlj> i>jj ajpj 
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( 4jjI_ pJI IsLwLyjiJ ) ji* ylill J-aill 

1/10 OjjJ p>> jl L*y*-J jUJI ImL; IjJ ^Ji IfUl JmuaII Ku3 jtSJuJ IjL : jjju 
, 15 atm ; <Ol>VI V j* 


( DjjJl Jjl>i JIS1I jUJI <Ul> ji ) <UijwlijjJI oLWi jAxU : 12-2 JjJi> 


JjVI j>li)l Jii 

(ai/)Li>wi 

JjiJI JAAJI 

m 

JjljjJI JUitfl 

(«) 

CyUJI 

luji 

Q = AI/ + PAV 

-nRAT 

2 

PAV 

nCpAT 

P(or V/T) 


Q = AU 

- nRAT 

2 

0 

nCvAT 

•-nRAT 

2 

V(or T/P) 

^K>Jl Cj2 

faapyi ' jb 

Q = W 

0 

nPPIn^ 

nffPIn^ 

T(or PV) 


At/ = )V 

-n/?AT 

2 

- 3 nRAT 

2 

0 

pv" 



Jjill j^jli!! ollulaj 12-7 


oLuSJl bjji i jjiull 4_iVuLj.ll I ohliJl i vll> ^lf JjVl jjitiJl JiLu 

sjj> v_iL 4> j£ju Llliii oljUll oI*Lp <0yj! LiAiU jDj . A U j W j Q 

JoUijj . obLrfJI oOJb riLu) LxjJJj 12-2 JjXfJl JIajj \ Djf-u CjI**5l!I 
jJ j ;l»g *SiMJ } W } Q i^jL> ijjiJi ljLuSi J) L/ljJl si» j Liliti i>l 
lj] 1*1. vbJI v*5LH oL> jS^ Ifi* jiw\ ji jl>J U&l Ijb . JjUU 
; ^jf}\ ^yii ijuinj PV jiLull ^ij li ^ AR Jl* jL< bj^o ji U ^Lfi 

jli GJj . AB jLJI o>j Liiyi b-LJl jjjajj tub (IV.^g) JiJl jb^J jS*^. 1 
oliU* ol>L* yL> JJ J )'y ijkiJl oik jli i < U -iA.' - >a Jstk> j* Uc5L« AB 
L5 ,4 ^—Lc ^ 1 >'il 14 _ij j*>*4> l ii>'n l ; Lu AB jl£ lj| 1*1 , w~>Ljlu..u ,1 
. jlvjll ax oU^ll it p jJLy 

jj iiuu ji ) Dl* ji 3 jlj_> Lj^j jL*J j_£*j i LJlil! CiljWl <Jl» J - 2 
jl siu >4 T d j T A 4 _iL*> ji»i ji; JUll jWi jyli j« (PV J >yi 
jit Jsui JujJjo J* I 4 JUJI jill <U U «. 1 I jic JUJUU V Ll>lil! UlLJl 

: (12-3) &L1I j. AH -L-> liiS^ t B j A jjitijJI 8,1 ^>JI ^ 

(jUll jUU ) AU » | n/?(r* - ^) 

j* LLull SjljjJl j*yj jjMfi . (12-1 UjUil) Jpll j^liJl ^ljil-1 jSi*j - 3 
: Q ab k -uLaJI »lllt jUJi JJ jl 
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12-s ji*: 
teli 


D 


(JjVl o^iUJI) jirf ^liJI j*4l 

ijLi^ 1 jySj } IV J Q Cm ^ SjLi^l ^IjiOL^I &b ^joJ J ^ 

• ( JJ - : ) j Wl fyV* J**Jl jlSj jUII Jl iiu# 5jlj>|l lj] i^y 
jySj UiiPj jUII *L^\y ijjJu* ijl^aJl UiiP IJUl SjU}! U 

(IUjoi) jWi jt 'ijiy jiiii 
• ^ *»< J ocljDl30* j*Lj Jfi 


: 12-2JH* 

7 1 , = 27°C i P x = 1 atm jJ* SjjJI jjL>i JU, jU <> 1 mol U,jJ J ^i 
‘ iL ^ (l) : l*tfl o^L*ll M) j W j ^ ^ 

jilfj! $i (.*) . ilxAJ'ill (^) 

12-fi JiiJl U*j. A«ll o^UJl tit . ^ yu J5 ^ 


</*-44.3 atintip! 



• i»l &H Jf-i J* li ; Jljw 
iA|} 114* OJ At/ V L*» ^ : bl*)lll 

i>Lil Jl^k ji ^ <-»Wl bjl^i UjUil UJ JAJI u/L> L^i 

Q om»" ^ jS* J/fl 6r ai tofro ■ pv jiijJi r j\j jUi 

f All bUUl oUaJI J jk4) ^ij\ jydi y u ; J|^ 
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(,*)i15*1*. j) if ^tiii jrfiJi 

cdbJI JS ^ Jttll jUV &U = |nff(T a -T,) : ol*)ll 

? ddttll o^UJl i> JS ^ V>*JI **;■> J* l* : J'j-' 

: 

LJIm j\ i±>% £, . 12-1 JUll Wtti' S<WI ^U. J! ^l(i) 
^-lf «Lu^ (12—1 JjjljjJI jj ) t = 1-67 «l u > * ijill jU; JI^Jl 

; £>i sil f j 

P 2 = P, (|) 167 = (1 aim) (14.7) = 14,7 atm 

: *i» } 

{ Jljt&k\Ulil) T, -r i ^ = (14.7)|l|=2.94r i = 882K 

\4tyy^H\ iJUJl j (u) 

( j»yySi\ LLuai^U ) P 2 3 ^ i = 27“C - 300 K 

oLS IjJ t jj] . o<U P jS k V ^ T UUJi (->) 

: 0 U k V, = V ,/5 
T 

(iSjbj^l iU-ittJ) T 2 =^- = 60 K 

r *iu js j «*b-ui uiui j ysii *4 u : ji>- 

: W 

Af/= | nRAT 

= | (1 molK8.314 J/mol.K) (882 K 300 K) = +7260 J 

. AP = 0 jS MJ - 0 ; (u) 

: JsLiuijMi (->) 

At/ = = | (1 molX8.314 J/mol.K) (20 K - 300 K) - 3490 J 

¥ <Jl> J* y JjV' J^< J* J&* j> u : Jl>- 
; 0 i +*112-2 Ju*)l o* : ol>yt 
( ^jS'I ) W- -A£/» - 7260 J (I) 

V, 

( yjiyjil U*ttU ) w = nRT In ^ (V) 

= (1) (8.314 J/mol.K) (300 K) In (£) = -4010 J 
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(ijjlj*JI LiuLujU Jj^l ^UJI) ji«p ^jdJl JmmJI 


w = m 2 v 1 )=n/?(r 2 -r 1 ) (-*) 

= (1) (8.314 J/mol.K) (20 K - 300K) - -2330 J 
V Jliij'jll cj^jLu jA L : Jljw 




(^bbjSiuu;*J) Q = o 

(^^SliUJO’AI) Q = W = -4010 J 


(i) 

M 


(l>OusO^J) Q - AU + ( J»U-«}U ) W (->) 

= A U + PAV - A U + nRAT 
= -3490 J ♦ (-2330 J) = - 5820 J 

; ILji^ll IjLJI LlUJl ixv'i i jXiMfll'nIlj J>Jl 

i i£>MjJI c/ilL»Jl £»*> Jt jUI! ji* JjJUi J*A)I yl jli Jji LJUl Ojli)l 1 

. i)U-aj'l!l j* ?y iS' *Ju* Ii*J 

. ijUljJl iilkll SjLj ji di^L JaJI dJLfjU^ UUJl J> 2 

i_u£ jLJl Auu jl syjhi vijJ^S'l y iuO 3 

, juii j*aji ijjLj 

jLiwul Lu$ j«L_u <Jl»JI j ojyill djI^I u** iji «^b 4 

Q = nCpAT 


: 12-3JU* 


jli <>_# <**S Jt 12 0 J&J0 UJ>yi ARC a*UaJI o^i 

L^>5j JjV* lillill ji & 2 mol Ujj3 j^j^l 


. yUl :jus *Ssil\ 



^ASiaA» JV lLlluI 


V *UI oULmJI i> ji ABC iJUi > : Jlj- 
4 i_> ^ic ^ w y q yii <i,u o^jUii o* lii o> il ^ 

LUJI 

!! Jjj*U J«-lll Jui ; Jljw 

. liilj PV ^Ul rj JI j ^UJi o*o l>Lil y Jiill • 

? ABC jLil o>J i»Li! ^ L : Jl_jw 
J.U-^1 1 UU Juilj ABC jJ>Sl dJill UU J } u U£ll o-Lil : 


.ACi&JliStfJ j*>H\ 
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i»Lil = W = | (0.2G0 atmX50.0 liters) + (0.500 atmXSO.O litres) 

. jttll ^ jl jlill ikJ* J^Ji jtf 13! b fju; Ju5 ; Jlf 
ji ( AV < 0 ) IUlDI LU UmJI oili 0! U LL>** : 4-^ 

jLi pi TUi <j1 ji * iJUJl »i» j» J-ui jUJI jl &>%) • ( AV> 0 ) 

. 5lli J1*J 4 j».*x J I i>Lil 
All v_iL> jiuj ±jj£ i 4iu_u l ~ii.i_il 4 xLaJI ti» jl Ujj : Jljw 
jjLo ij'\ jl i : JLe ±£ju ")l A U SiUaJl y 

. JUil jUJi <Ul> J ±nRAT liib 

V C j A jjiLijJl jjfi ©jljjsJi U>jj : 

l' = PVInR : Jttll jUI! tyili f I^L : 

V Q 1B( . j^uul LpliHJ jSUI iistWI U ; Jlj»< 
uL»>J 15 LuLjJJ Jj^ll j^iliJl pi j3Cu .i I j£*^ A U j W jt*uJ 

. Q = At/ + VV : j! jj i Q 


:12-9 JiA 

j-i ABC bs-M 4*JI 

. 12-3 JA4 



40.0 liters «).(! liters 




: J Lc Jm»u ABC jLII cax> i>Lil 1 uN* 
W = +31.2 atm . liter = +3160 J 

: A iJaiUI its- 5jlj*Jl 

P A V A (O.fiOO atm)(40.0 liter) 

Ta ~ riH “ (2.00 mol)(0.0820 atm liter / mol. K) 

= 122 K 

: jj] i P A = P<: ji Cu>j . ( V-WI olo>j)l| R UH ) 
Vc 










: Cm! 

Atf = | (2.00 mol)(8.314 J/mol.K) (274 K-122 K) - + 3790 J 

W } MJ jjU toll j (3 j/il o^UU ILLj 

(? = +3790 J + 3160 J = +69*50 J 

. to*JI »(jjl jUJl JJ iiLuil ijl^l <mS jt ai»j 


JijJL WJI Juixi <UUc 

12-3<7**i>SJlii 

‘jto* >*j ‘ U*i>i J| lUu iUJ 112-10 J^iJI JIm 

jto* Jf* JjW' *J*JI J . JU Lu jll *j jli t j*UJI (J LLJi 

LeJlv^jl jWl Jilu kiu*j o*to" Oa ^3 5 j*A-i» toi cyi . to 

O' toto' (v) • jWl ijlj> ji ylill jamJI uus ( I) Ujill OjjJl 

J-i* o' c*>y JJLy dJj 0 * to* ^M-oil JKJl ^JiJI 

, 5jlil »jIj> jiti . fljill ^3 Uii7 

jl Sj*y» Oo3 J}1> jlill L^j j-uL to' toJl ojj> Jiu j4-J i JVjCu. 1 
ii>]i ^ $ ‘ ^ ji Wu' JjiU to i ^j3 

jUi Jto ti>- (I)»jijJi yi ij^L* , jlill tol^ Jjjuil JiJJl yt W »iy> i A(7 = -W o' ji*< J/* 1 O^ 1 * 11 

^ ‘ *#Ul to 3^ ill* 4IU, 3# yjIUi (I) 

j^Jcl j-Jj jiijj Jjm <lbil o'i -iU» £LiJl j—J 0JJU3 ‘GJl ^jui Jjjj 'il Jlill jliJl oi JyJl jJjj> 

j y£s i ti v j # Jijl m»* ^UJj 

? jUJl ijjfi to ■ P^V = 0 jjj . Ijttf JjL* Jjj^l ^(L jiJl ii-iJl 

»;!/■> Op c T - U oi . >is *J ;y LUljJI oUJI j! j/jl 

. iili jiJ jlill 

Jl aLvLAII iijUl Clili Ijj 1^*5 (3^u>l Cj^juJl ■ «l^~ Jty/ (u) 

J*-*" j>1» O' ^ ‘ j jil' 

jj-a» ji o* jAjIII ijl j» JJUI jaLu <jT ^ oi] i j(>y JJ JJL> o* y«H ‘("i 
iiltli j! o-i*j "i Jil—Ji oji tobi toil o^ . liU to 

j*u o' ^ 0* m UjJ <1 ~j& to # 1 “j 1 ^ Ol* p 0*j • jyW 0* 

to> Ull> k-^u Ji* dUj ^jlc to*y . tJJ - -mly JJUI to'-J' oUJ( o* 
JJLJI »jlj> j§ Jil ^to jlill 3jlj> i>jj o|* toj 1 ‘Ull ol^j^Jl 
. jikfJi *ia! jil Jrfjji)' ^4** j,> J! *+*i 

(ji, i_4_k —*' 3—k i*Liy i» »jaUJi oto 5-SJUill clii'il 

J-j> oJj>^ J_) OjSj dUj . Ju it-ii >*i>ii JJL to J V to' o V^)'' 
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( 0,1 J >Jl ItuM J/tfl uy\ii I) jU jjUJI J^i)! 


LJbJIj ^LujJI ji t jiylJlf l+Jb)i*l £*— 1 i ^ • <-1*1 • 5 1* J*» ^ ^ 
kjueJl J-i iJUJl ftll j-t £il*i J.l*iJl ji ji fipb) • <1»)*L» <>jJ J! jbj« 
•a-?- IjwS oy&t JbjJl jt *3 j* ^ Oti • jl/M y iWj 

LJU Sjl^ olj jly JLoJ ; jliJU JsOiJl JuiiJ IjLa ji ^Jiyij 
‘■Ivf—II JljuSj dLlj Lj i J**Jl »}+*i £»** J** ^LJ j* ‘ !■*> 

J_uoLy 8J* Jl* ILiilii jj-} •l* • olAfc*Jlj tI/!^Ulj 

■ JUII J-illy^i 

4_*j** 0^ll> jj ^ibb/Sll Jiilll «Wi Jjw jl jSb* Oil j Jllll jUJI j|j lj*>1j 
jXiJl jj ;.li ..illj LyUl jjjjjAll OH J**LjJl |> b-Mi-l Ilii ‘ Ml* 1 
^_oi)l jl5 Ijlj , y 12-10 JSuiJL jjtxi ^4 L$ . lijxU J*li 112-10 

j[J . jli—Jl ^ _ bJI ^_» ImJJI j* Jil Im H ‘ly» Jy*i *b^ll (> j^IaII 

jlj ; Ijibbjl JjL4jJl jl£ UU»j , iiiJl li* Mil Jlu jl JJ4jll jUJI 
JJ Lu t jUU L*1 >IjJI oliaJl uL> j-Lc J-»-SJl 11* Jl-i jWI 

■ . Cjlj> i»jJ jiliibl 

; 4jjJ> jpj <bf>j 12-8 

5jlj*JI 4^jj jU oljUU jjijj)*Jl jjljfjiJI jjljij*)!Jl«*l 

ijjJI <^^L>I <JU1I oljUOCp j C v j* J5J *-liil flO' ji 12-5 ^liJl j bid'll 
^b 4*U Oib-MSJl ill ji 1*1*J bS t <4*-M£Jl i^l £* lja> ISU3I jib 

4_>jJ £j t "i L*l OjjJI ^->l>i ‘lj- 1 11 bit oljliil jjl|ffi^!l j*jjb>JI ]£> 
jjjJl 4-^1111 oljLiU jxjUtfyJl j*jjl^>JI ji 5-f^jJI '*i' m * Jl* 5 JJi ^*J . 5jlj>Jl 
5jlj_»Jl ob>jJ Jjtf Itf-ui jij t 6jlj->JI <->jJ jJU JaaILj oljll 
jl bif jiilil)l Ijj* ybwi ^filj . oljluJl jiu 'i' <^*>11 

. 5-8 p<i)l ji *li*'u* j^Ul i * , !«« ^‘ ili oLLJI p^A* Jj ^j>l 3_^ Ub 

x *Uttfl J I l£j *II obSj. (> ji p Jjl^Jl jljj^u ij-11 
K^joj L Ijl»j <> jUU LJiljJl UU ^4 jLb* i , »i. rt‘ i < ^Lj i 2 jy j 
y |>jLo ijjii oiisii'ii ^i j* is jii ijs*j. aim jjUii fjjsii 
«jj* ^^i-u • l“jill j* ;ji i «iJlli jIjJUj (3*772) LJiiij'ill iilL 

3 <J jjjJl vjjL»i jlAll ji Jj Juuj. jWI Oj> S5^>J! illull obS’Jl 
. <j*y* Cfcli obiji j* J5J 5j>lj • **J> ^b>jJ 

^_i*> i5jL»ull ^JuJl ^^iLi Lilli lili^JI oljUJI <^JUlj 

LklJI . ilsj^Jl oil* ^1 ( o^aJl ) <l£i~Jl ol5j->Jl 

jiiibuj jJlUi J^> jljjll H 2 j**)jj±fjl {£}>$ JjjJl ilbJ 

-461- 




( l5,wLjwjJJ JjVl juli'l) jii* jjliJI J-ji’l 


:12-11 Jii 

* £*“ ^ iji* jti itj*> 

j' V* Ifj^ 1 ^ Vji* r 0* J 
f#uU AujkJ iLJa l(^kT ) jjl«5 

A__jjiJl OUjJj . ^ 

: A*)tiiJI u^i (i) 

*-l«w*+l» tf 2 +lflu- 2 
8*2*2* 

js »hr 
2 2 2 2 

: (v) 

£ = A *r +- l *7’ = 

2 2 

; U»i (_*) 

fi-i»u; 2 + -Afr-r/ 

2 r 2 0 

e = J-*7’+i*r = tr 
2 2 



<«) 



<v> 



W 


•UiLU I Ll-j »ii jli ^jl ■*!' ■ ■ ■j’ll Lu jjj LlIm i jj_Jjjj! jju J_i>ljl Jul>JI u 
i_ijjjj jli JJj JLt )\Xs 4 , -yAT jjUj iLyi^j Oj_> L>jj J5j 4iyj>l 
4y>u L_ukxi Oyj . k2>\ A?lbj 0> oLL> j 1 yjJjill j# i-Ly IjJ I 
•^AT ^jLjj <n-aj iiltj iilL j* k_>yu > jjLuJi ^u-Jalt 

olyj^JJ <*L>ljJI OLSjJI jL Lulu A^w^£II AjjJjjJI jl J>l liuly dJj jlf ‘liuj 
i (12-11 JiDl >il) k.jill J Jl) l^jkT j jjU SjiJi i^U) iAxli 
: n moles ill> > jij 

tf=|nfl7=nC v T 

: a1.j 

C,=C v+ tf = |fl : j C v =|/? 


jJ..i»lll 1 tf'y'l <*> j> k 12-5 pJUl > ^JUVjudJ A jjjjl jJkAJ Luly j^l 
Qjj— aIi y 4 j_uo)Ij Cy = KiRI'l) Sj^-aJI j-lf CV ^L*Ji 
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( Ljl *>JI Jj^f jyliJI) jis jjlDl J*ja)I 

joe »_» K ^wJI jjjJI jl jj] ^lyi i> . y= Cp IC V = (K + 2)/f 
jjjJI L*>Ui oljLAJl LIU jJii. L^l^l <iUaJl ji *SjLi*ll Ullil jUJl L^> 
jjjJl LjUj oljUD 4 ^'iIL Ui . u jiu I1a« t y = 5/3 = 1.67 > A = 3 
o>>db c^i £4 Jj I y = 9/7 = 1.28 i £* 7 jb Lin Lfu-^l L>ill $ 
jl J] jxJu Ijjij ; ijjJl Lilli oljUJl y»*l ( 12-1 ) y= 1.4 jl <4 i1aJI 

"il Ls'j ../flSlI LjtuJI ui j* p*yiy • (Jf = 5) Isis L*> L^»Ji ol* ; j 
L-Hil 4 _JUaJI CjjDI jlj ; ijl^Jl i>y ^Ja {yjjAyii j;Ujlj>Jl jltlel jl ^J»y 
, Luj*Jl ilrljUJl UL> t jS O-jJ ^Js jljLtliv LfJ J Sy Cp j Cy j* JS) 


:12—12 JC 
jUU Cy L_Jt>ll ijljaJI LUJl yfl 
5 —J LjS Ijill jjUl 

. CLu\ix^\ jjyui 





J-SLDI H 2 oC^j* ,> j_£# jU) iUUJl jjLuil o^l 

50 K Jlj^k j-t JH ^1 Sy^aJl oL»y j-e H 2 jUJ Cy ji 12-12 

jji {C v - 5/2 R ) . jjjJl L->L>i oljUJI ilU j US (3/2/?) JjLj) LjO 

ile(7/2/?) lfi*S j. C v , oyo l>ij. 750K Jlj* JJ 250K L-j 

4jjl jjJl iilUl iaLii jl jyjl 111 jj yl'n ijj 5000 K j> jjJl tjlj>Jl ol»jJ 
jij . (50 K) Ij_> LUUill ijl_j_xJi oL»jj xJ> »yU hy>y j_)i ^ LjIUIj 
<L+>j J-4 Ul . <kwyll oUjJ ijXi ji jLL-liu J»USl d1* jj Jgij jUJI 

LU'vxJI oUjLjuJi jl UIim? oLUJJ ijjLjJl wjuli Ijul« jli CfSU—^iJl iu.'l 
jufcijy V Lj_j>Jl jju UjUlU «ujy *J>l^ll olLJl y j!a J**j 

Jl IjJ_Xi I3J1) A^iajJl £* L>-ilj llflim yaiUju jDI Cy Jt 

ujJiui jyjl IJJk jj-Ij jli *j*j . 1907 pie ji typJj jiillil ^Ikul jl 
L^jlsuJl jl ( 8-5 pMiiill) ILL Wj . ijS i .<^liJl L^tiD <jwLt , lll jjjjill 

Jjljjl J^>0ll laS« jiu> jA » J_ji> ji JU* 4ji ipiyi j Lik-MSIl 
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( JjVi Jjifll) j Lt j^ji 

jL ^' oil fL^I iJU J liy y* ^\ lij, • j ^| ^ ^ k ^ j 

^ ^ * V 1 ^ ^j/Ul f L*Vl <u l^i $ Jj. 3^, 

LUi LLi J^ J^J *! VSh 3U. i,l*JI 

jj JL* ^Jj , JIILjj . liu JijT j J! ijl*JI jJL- t UJi 3^ ,u 5^j 
JL * J,,Ji:^ ' 5,, ^ ^ u 1 Wj 4*^ i ijiffcll iifcrti p 

yl U> y/>II ^ . yi/jj ^1 ^1 JJj3 jg ^ Li ^1 ^ Jti^ |^ 
. jL>Sl ^ ^ !>>l ^JH ^ 6j Sj . l>^. ^i jjai 
o^Ui ^i UMi ijiUl f L>iu ^IjJI J^ali ^ 0 | 8-5 ^1 ^ tjSJ 
olkll J ^ ll». a, = A/2 x) jjljJl J^JI LA^ 6 i r ;...<: 
E x (rot)=L*27 * A 2 /8 jt 2 / LftUl ^ f L-*Vl ,i* J* lyji ^ 

• 6'jW 1 ^ J>> jJWl jH 1 r > 1 ) (6.62 x 10™ J.8) o,L* A ^ 

***** Jx~*Jl C 4 J J«^ y . iftUI oi* ji lijjrf ^ h ib'Xi 0/(3 J Jb.1 

*s «4iS dig ii> >, oi^u ^ISII ^1 f/ Jjj Jj ^. &> 
H-i ^a«JI o>»J ^'ill jH 1 f> ‘ . ciljJ)' 6# ^ »>• oliLuj L> 

^ * 1 " 10 ' 47 k e m2 V> J H o^ill 6# SkHjII > *»j* ^ Jj> 

Wll oi^ I ^^uJi ^ jjjjj ijySLjjjSUi ^UJl/ jiji ut Uj 
1^ ^ <** Ui oi*j ( £,(rot)»lO’ 21 J ^ £,(rot) *JjU, J 

ul Ui>5U yilj ^U\ ^ Oilio l^ji 1 ^ jfL.jJUl j.ljUf 

^ 4 sj> J-fl «>isii <o^i yiui jjji k aUjji* o/i3 
olLII ^ j! J} MI ll» cm jl US* k QO' 23 J/k jja> ^) Jj ^ 1 ^ 

. TslOQK Uaic Cj/JkT iSjLuj k U> l>Hj ^ ^ 

0^ oi 6-^ i>»0 <£*11 oliiwi jl ^11907 fU jjj 

t j»j-> 5L> »>-» 0^2 O' uS* 'i i^j/JuJl oliliJl ^1 ^ t Liui wL- 

^ ^ A ^ <-»Wi £h i*_Li L^iJ olkU 43 J 
^jL/ Ui-yI 0/13 Jj f yj/jjJI Jiy p y^U^ yijill yijjJl ^ 0 i ^rv.j 
n s^> . £ w = n(/i/) iloUig l^Lj dJj .^all ^ ^ o/(3 
iilt oi*ijffll «4J I4_j. </JU5 r ( J/Hz j!) (A-6.62x 10* 34 J.g )j ^ 
*#jZ*jjSW Ol/i^lll <)(> ^. £j ( W *A) = A/ ^ jjJ ^ j ^ } yyjHI 

<-S Ji*/ 01 . Ij* l_^ Lli' hf pal jiJ| ^ oljjjil j£j 3 ^| 

oij oiji^i UU ^ U . I^-Ui iiiyI ^ ^JI 

• J® a«i 6- • «J«S 3W. JSJ A/ 1 lull! iji 1^ yUII objj2 ii 

r^* ^J 1 ^ 1 4f yl 0^1 JjW 

^ 6 * j^isJ Cil v*y • iyljjJI olU! oU 

<JM LUl liu>l t^J <<jl>>Jl UIUI pjf yyj ^Sll ^ oll^l 
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( JjVl jjiUJl ) jitt- jilill Jrfill 


kT jjL* S-jUdl ol^jjl uw Ujbill iiWik-ji. o'j * iitoJl 
Ijjj . yiliSJ'!ll iiili ijl^aJl ol>jj ii£ ld> s_j^ olLJI oi» Lu^ 
k-j* f jLrf Lblylll lillaJI yli ll* <-iOsb jWI »jlj> <>jJ oJl5 
jS 4—>315 yj£> y) Jllkj > (htySifll) ijjljjjJl iiUJl ^5 yitfi 4t^Su (=AT) 
in J*i okl5 lili ; oJbj j*ttll ^IjjjJl jj JsjjjJI tj*> 

T =* ^ .i kT - ^ 

“ »**» J "• 8» ! ; 


s* o-l> * iw 5 ^**- 1 * * oMjjjJI Ir^ 1 k*J J 1 
J& H 2 ilsjj>J T nl jt k>^l T tol pi jOJu 12—3 J^xJl r~ay.) v jUU 

, fij(rot) k_»L*>o l^ .i 3 U*j jjJi iijLJi Lldjlii u LiLu 
Ululi olLJI jji jH yi'S Oiku jUJI tjj> o-jj j6j LjL; v Jilly 
oL»jlai)l yU > y^ 1 y* 4^ fjW hf f£l j* J»i ^y* p jL " j kT 
jLUl Jjli, ^ % > i^l olj!j3»'Jll - »44 j) <M 

J! jWl »j'y 4jJ Ja! fj U 4ji &U>j ^ li* . UjiJl Ojl^xJl ji ISILD 

U-f j> «W 


12-3 Jj* 

<_filjjil 4 ilkSl »jl > ul^jJ 




r.oi<K) 

7U<K) 

iJLSi 

85 

8100 

H, 

27 

5400 

on 

18 

4300 

HCl 

2.8 

3100 

CO 

2.8 

2750 

NO 

2.1 

2300 

o, 

0.35 

800 

Cl, 


L*jJ l&i jujJ ol Ljui c4fy J * **** . ylijl^i hpJI t*y Ojfi- 
. 12-3 Jj^Jg^Sjl^i 

L^>JI oL»jj ji jiyJu < j5x ~»^5)l Li^Wl yi JjJj J>—< U Luii^ 

. Ljl^l iiUJl (i/tT) }j jJ ^LJU o*aii l2b ^j»Lu” 4*1>IjJ( olklJ iJ5*l! 

i^yji yj-Ji c!i»s-f- vb y»u 

i_>jj yJ> yiu)' Jy-a; C, = KkT/2) jySj yi 4 j5a-^SII ijyWJ iLl 

4_nj^UI Ojly>Jl ol^jj « 4>P » jyrj J^jlui ' 4l ' b 1 ^ 1 

^ 5 j_>i 4 0 > jjj . Lf^Jl jjljj%! JIlIL Llf-t 4|>i>«S")ll olLJI LltiI L^uil 

^*J JJlib'il ij^aJl Cll>jJ y^Su dJjJj l 4 j «> 5“ wi-J LJlijj^l 45yjJl jli 

C v =^R [jy£j lifJj . T-= 0 K (> *)}> 4-»«;J 3l 4_LU oljUJl 

5jly>Jl ol>jJ !> (iJutl ljj»J 4 yjliio^ll iiili SjIyaJl ol»jj aii oljUll 
jljj; > T ml «> jjsli ji5i T^jyij U»j 12-12 JSJi J ^ 

Obu^ll Owb JI VJ' 4 ^ jil *4USII 4b W 
Jjlj>Jl 4_>j J J-* IjJMjJj ybbu C v 0* lijjj ‘ 4jJlb 

LaJuitj . 12-12 J52JI jj yi«o 5 ili £*y* i (^i?) JJ (^/f) j-* 

SJ jbl\ 4 _ > JJJ J _5 (_>l 4 jUl>l 4 jlL ~ UJJ yjd Cy yl Jl>j—■ T* v j|j y 4 T Ojiij 


4-jJ Oljlj3-*1ll kflw J-U SjjUJI oUoLalJl 4“ J* 

jMS jwn Vji« SjijjJi jsan, ^>Vi .>11 > r„ & y^ii 
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( Arfjl J >Jl ISuwM Jjtfl j^iULlI ) ji* J^iJI 

jUu Vi H^V A)jU 3 £f«Jl ol>jJ £*** ji *J>w Lu (^/?) J| iijjjl 
olilL LfJ 12-3 JjJaJI i»jjll oljUll ^uu ji Ja>*i . iilkll 

jl-* *-£*) • ji« i^ljljUl oljll> l^J jSilj C OjaJI 9j1j> <L>-jJ JaP 

.'/- 1.4 jli j*j i 5 t5jLy oljUJI oja J ■uj^Ji lirL^jjJ jiiii jjaJi 
iL» oljj jj jLl-jL jjjl jiJufiyJl j**Jl jyjl ji jy IjiSjij 

i-ijl^lA^llj AjjljjjJl tflkU jLsil La'uu oLS J y>y rU" OjxJLi jSjt Ji JUU' 
j-lc IfSlj^lb U* ^ <*»tuo J>lj)l pill OU» jl jJ pijJlj 

jj DJL^JL>JI « j»_SJl » LXy'jLi \^A> lj-» jLS jJ) OjLiD ^jS _,jj$Ul JjUl 

jjjiJl jjiU 3 j5lJ| oUjjJI 

jJjuJI Jljai 


' j)& 0* I j* CJUfji Jij j^(l 

■ PV p-^l ( -*) i 4j1>IjJI iiliJl ( J ) i 3JUJI Ulj (_>) t iJUJl j^iio («,j) i ^Ltull iJU ( I ) U^a3 . 1 

• *ij£y+tto) oULJl (j ) t (ji) 3A,jj}Ji <^yJl ( j ) 

ji*JL JuLoJl <uL»£ { ^ ) 

^x?JI oljUJI Jjjj JJj ji Lu » L^i J> J$ jjuu rj-ij <Uibj ilj'ju ijya ^ JjS'l jjJliJl i^liS .2 
. (->) . lijlyJH ( V ) » LyULjjSfl (i) ; Sjfll oI^aJI j* J5 iU}i ^13 Jfej ^ill A^sil y Ij jSj _ 3 

( J ) 

<oUaU FV ^wJI IjJ IfJ Ouju jlill ^jk> uiuu 3jjlii>l uLc ji (Lui ^Uiu JjjuJl JjktJl «_<Lk> . 4 
jL«U iuljLu*lll j*ill>Jl cukii I jl Jli* jUJ ^JL>ljJl oik! ^ j^AiJl sjL^.5 

■ 7 0^* ^ j C v oL> . ojIm C v j)l> L«jit yj C P t_iL> . jUD C v jj llilj jjSI C P ji <_uJl ^i-6 

. At/ ^ W Jaa; <ll>Jl j&ti «liJl JliL'Sl k-jl i>l o j I I bLuLjU J^Sl j*jli!l jjjJai. 7 

jjJjJ 71 I jli (y) i '^yLLji 4-Ll«Jul j_Lc jlill jIjli ( i ) ^ i^^l LSkiljjU JjSl jylill . 8 

jliJL iai-aJl Juiio AjLmj j*j Ujj> jjU JiUl J j" Ijli (_>) C j*JI JJjjJI *lijl jUJI Ojl j> i^-jj 

. y ji Cp jl Cy ^uiJjuj Jtii jli Ji 3LV.ll 3_»j_>Jl oL>jj jj£ jLxiJ . 9 

jp>U 


: oul^jJI^ 4iliJI olj>yi 


4jjtj»Jl 'ULaLuJI 5JL>JI ol 1 jjjLu 

J_b pLLU LjyLjjji"Ul 3_ijlj>Jl 4 _AluILj!I l_IL>Jl jj-»o ^jJl o'aAll jlii ^ Ljl^aJi o5u*luJI 3JUJI oIjmu 
. T • V » P ^ jlill jlill IJUJl oljaiU , 5j>U iiuu 3JU jlilxi oljjiiil oik Ji j< AAuao 

ijjl jaOI ‘UjaoljjJl iJUJl Jljj 

^J>j I 3JU JiJ 3 Jj>j 'LuJ L^J 3JUJI 3Jlj . Lli 3JUJI oljjiiil Ji 4j_aL> ^A Ojlj>Jl <j£juIjj jli 3JUJI Ulj 

. 3JUJI oja Jl ^IkJl Ljj J-oj jill < jU *Jl jU jiu»j 
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( Aj ; I ly*jl IWkjll JjSfl Jjj'jJ' ) yJ* 


an u>ijji awi 


<^l> iJl* i)b iiUall , 4lUu)>j ^Iji) £4^) o!3lk £}*» ^*XI j* flW U>Ul <ilk! 

: 

. U = |nRT s|mW\ i ; jJl ojUi LHUI oljUJI V\> y. 1 

“i oUj i Jxii ^LtuU LjiLfVJlj iullA'llI y^JkJl jk U jklJI juI^ jj| i ill> iJlj iilUl jl «iu> - 2 

j^ASlI 4*U Js- xmj 
llwLwJJ JjVI j^UH 

■ ^QjJl o* jl r UxJl J| J&u'Sfl |>-oju iiLLil ‘lij Ik <AtH? p liiilkjU JjSl 


r iyi iikJ* JkUl ji W 0 ^ ty ‘ f 1 ^ 1 J! V*^ 1 Q 1 

aka jj JkAJl '• ^UaiJI J*j3 •—J^-Jl Jill I l*i . j**> sxv J* UilJ Jjj - 2 

. a j plliuJl ^yk ‘ijj^ iJUJl 

ijjlyjl i^wtjjjJI 4 JUJI yuui Ol> oVL> 

JjSl u^lill k—w oljjJull ao_» . L lu*i iuS ojjj jk Jiliajli i^l^»Jl S&AJl ill*)! j olj^AiJi yk kxk 

: olj*A3)l #k Jk yi kuji akj , << !'> » jjk 
. ( kuJI o^fJ jk ) yjbj~k ylj - I 
. ( ^>Jl uk ) i5j 

. (3jlj>Jl i>y C>yu xs ) jtyyJ jk - 3 
. (kt»Jl L-jJi. plLJl ja ijlj> JliiM ji 'i ) j31jL>< jit - 4 
, 12-2 ji 5-kJj aifJ 


PV ^l^jJI 

£>j£ Lak flLJI <J1> yaj 1 ^Lfcull ^>Jl l»*kll jjAj Ji^ ^kk y* PV ^Ul 

J Juj f~.J\ Ik ^kk ji u. J , jj>lj SJU Ji«J y Jl Ik ikii JS . Sj^S v^J 1 

. iiUJi jkll CuAJ KjUi 

; le\> 

. FV ^Ul ^rjll ji <Ltl 15 ! ik i>jlj>J! b>y ^L>J Jlill jlill flkkrl yi u t ijllll oljUll iJl> y-1 

, iilk Jk. PV ^LJI f*J\ J JsH\ JkJl. 2 
. ( 3jyl3 AJk Jk ^IJkJI.3 

<UL>Jl olj^wJ ok At/ uL> 
: ijilfillj ijlkl “k>k^ iJUJl j yii jH At/ yL> ^ 
Af/ - rtCy AT 
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( ijjlliwlw JJ Jjilll j^lXJI) j£>e ^dJI JjJI 


A*0 oljUJU ( uImjVjII ) jUiyjjJl 0 Lu£jjJl jlijlIjJ-JI 
; (C' v ) f>>Jl 4jj\j oLLjJJ 

(SjjJl jjl*i jUU ) 

(jW) 

. ( 12-1 J)i*Jl C v Lfjill uUll |ui]l Jaj\ ) Ojlj> i>jjj jUII fiy <U£ JuWj . t*>w> Jif K 

: (C,,) JsousJl jJulj oLU>JJ 

C =C V +R 


c v -J R 


11 ^ 


: ***> 

: ol* <uS jU y j*uCyli uJJI . 1 


C 

V v 

: lil* PV r ^ V £ P pZ oUUl J . 2 
<Ljlj>Jl <uiuLjj Jl ljLLuJI Jiill uL> 
: JUJ15' gji I oy«Jl ^3 IV <jL> ij£«i . <ul»Jl ty ^ic JiJl juhu 
IV = 0 : i^j-ZJi ji - 1 

W = PAV : LjL^lLUJl^.2 

v 

: <,iLnll . 3 


W=nRT ln^- 


W = -(At/) ; i^LiS’lLLJI ^.4 

PV jjLull <jJi jj 4-JmII jI>oj o>J <oljJI <>Lil jLfyb Lulu JaJI ^ 40*3 j£*j tij>^l 0 LLJ 1 w> 

. "<*£> jl Jbji £)IS Ijj Ij IV ijllj ^le JiLuj 

•ui^LyJl oLL*J! j) JjIjxII JUlwVI uL> 

: gji\ oLLwl) u-Jb iliiill jjlyji I 44 S »_)L> £li 

Q - nC v AT : <uUJi . 1 

Q = nCp AT : <jlmll ji . 2 

V 

Q-nRTln-f- ^^1^1 j.3 

v » 

Q = 0 : <*,1*^1 <*UJI J.4 

: [+**) *UI ^ Q j W jL*! j* JjS'l jyUI j* Q V L> 6^ ^>^1 J 

Q = Af/+W 

jl>JL/ kxjJI Jui>j <uW Jijjxi 

ou3 J V A> jbU.'i IjjdJ Jlf ImJ cj>j jit jjuj 4 oLp ( j>Jl joiulIL Ljjl kJj-<u^ ) JiiJL iuLlIl >_t \t v* kAms 
. JJjjdl jUII ]oM Jj V~Jl> Ijl> jiM JmJ jl f Ij uLjj Jj OwUW 
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( <^jljpJI J^ll jjiUJI ) jirf jilill J«ail' 


: crib 

yuJ 'll Jllll jUII lj\j> i>jJ jli 4 ii&l^l 4 o1aa]I jS Q = 0 ji 4iu>« v ^»Jl JJullI Ji* 'll jUII jl dy> . 1 

iju»j i JjL-JJ 4_4>IjJI LilUl a»I-u i jjUIl jjlall JJ j&ti £* £jji)l ^ Jib .ujjj Ujb - 2 

, ijlil ijl^> l»jJ jiliiJI J] Jjji 

oLuj.>.ij 4 Jju>I 

v SjiiU jJusu ji JJj ±*j JmJ* y**i ‘ J-mJ 1 iajrf Jj>j cj) jl ?jixi 1 

V jjJttJI Ijjk y> U ; Ou*^ 1 Oi*ty £* 1>"J^ b* • jijbJ* J*-*N Vj^M ^ ^ fify 

V LwlJi oil! j£ Jjlll jjilill JjL bl»j 

ji t »M oiliJi o^UJI ob 'll *lfUui^£[ , UjIj A II = Q -P&V iriUJl jibj "i A U * Q IV iriUJl - 2 

. tie JjSl iriUl 

i^iSi oUuaJI j* J5j* A[/ = Q - W JJjIaI! utb J£ . 3 

>Ul jLio jjjJi y -10’C JI -30 C C <> ; j (> -bill jbwJ 4 OX’ jJlp ‘U JJ 'ipou jJjjj 4ill j» sj*S* ^Ipul 
Jt jAr ll w ijAl*. uSjUJI jjiJI JJ vJLJi jjUl (> Jj»sJl) ^ y 110X JJ 120°C itjiCpillbWj 
. it>L>j)l ijjU «Lu i>L»j J*a*i <• ♦L>J Jib <I^Jl ^ (*JbfJI ^IjJI)«—C 0 2 ( Jil~JI j^»)l 
jle j_« jtSZ c. P -c Y ilsSJl ii>y on jj** 1 J 4 ol j^ Cp-CyxR $ - 4 

V Jto.'lll lit j5 u j j ..J I L jU JJ 
? jLJl IlfJ Cy j Cp jUI <li5Jl 0^ uyS - 5 
tLutfl ^ 4 jtS\ JiAJI Ji*. ^L»S'I JLO JJ »Ul ^ jti > i^Lkl jlj<-6 

p j! 

a> >yi « i«> »"» ^llil^Lu/'llI C*ib^ 4 ujuJf' JJ Lbv <Sj>JJ JrflS ^>ol^ Ufit J5I jUj CmJii. I 

oiwLj He ^«4Ji jU jit Jj>^l 6y^ U«>» 0 2 jb jb L»li>j ji b-* 

U j*^'l 0* 0<jbll iii ^ » > > j«*> JJ I^bbjl 

JjL*» 


12-2 

jiJuJl J_»*l ? jJB13 vliljJI ollaJl jjiuj jjj jl , OX ijlj> i>jj aic »L» JJ 2.2 kg <j)j5 ^1 VfJli j^au -1 

• f*^ 1 J 

. f*»}l jiiall jid\ >J ? U5X JI 27 D C > Ww ob j-UJJI o* !AUJI *iUJ» ji>Bl1 jIjL U.2 
J_«aI V 350 J H_JL>IJI 4jjli> ^ yiUJI I jj 4 65 g j* ijlj> ^ yjlii»^l jIjL U. 3 

• jj&S' 

ji JjjiJ v Ujlf-sol iiaZi jo£ Uib 265 g LpLi ^-aill j<jLjj)i <> a^aSJ *^I>IjJI iilkll ^1 jlji* L. 4 

j 
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(ILmILjJJ Jji’l ) jUt jjllJI Jrfkill 


A 


'a 0.91,3 2.5 3.2 

12-1 f j£i 


12-3 ^ill 

, olj iiljLJ ji ^u»u jW PV ^JLJI pyjl 12 1 1 > J£DI - 5 
^LJl C UbJI Jj A UWI o* ojjaJ 3 UII *Jjji ji)l JiAli jIjJu U 

f ^1 jUI 

fluL A JUll Jl D JbJl o* 4 LLUI j!c jUJI <Ji^ l$jJI Ji—0 j'ji* U - 6 
V 12-1 p JSuUl ^ PV jiLull £*jll jUll 
Jjjuil JjLiJl jljii C)l$) l 4 a>> ,_y> Jj Jli* jli lw-i - 7 
<J>ljJl ollJl j^JUli jIjJu U (i). 167 J j*jj*Ji f*«Jl Jj jUll UjJ 
¥ jUll 4kJj* Sjyjli j! < ; ... s iI Sjlj^JI y*i j* L (y) ¥ jIaII 
. 570 J li Lai 1350 J jmiJI tliii jUI <LJ^ Jjjull J*UI jlSj . <*>> Jtl*! <1^3 Jj Jli* jli jam. 8 
¥ 4j1>U uIDI jiA^I jIjai U (y) ¥ 4 jL*a)I ‘IfUl jit iuli Jki ji pi jUJI Sjlj* 4 >,j J* (I) 
<_*Lt *LUI iiUll 3jlj>Ji <t*S oulSj . 70 c C JJ -95 e C o* >_lL> jL* *lij ^ ^1.yl I jli b* 4i*M y*5 oi»—. 9 
¥ J>b ( JjlI j ) fjJ-f-ll <u*S j* 1* • ISO J ji V i ' ll 
_* Jli* jli ill* Lpj jJuj L,l» ybajlwj Bjjj 12 2 (. JS2JI Ji*j. 10 ■ 
j—*>l . A yLo'ill LlbJi J] Ijj-ii Jj-wj ‘ C JJ B Cm p-5 * B JJ A 
.>-» cm jSIj : > »11 . l^.l« ^ L IjjjJl jLJI Jjjull Jill' 

. Sjjl, oljliJ 


“ h 

0.7 




10 50 

(liters)^ 


12-2 f JS£ 


12-5 fill 

Jl -45"C ^ aijw A 2.3 mol Ljji jli b* <*»$ o' o»y* I - 11 ■ 
jUJI As^i\y Jjjuil J-iillj jl—ill 4*l>ljJl iiiui ji j^ull JJtjl , 90°C 

LLo]I JJjJ ±>£ (y) i p*>JI OJJJ jit ( i ) C^i^MlII Ljit 

( Jj^JL ) DjIj_>Jl 4 _u5 jj> Lt. »jlj_>JI <L>jjj JmJJI Jjai jit N 2 jl« 700 liters 4*>> yS-» flij SL -12 

¥ 27*C jkU jUlliii Ij ¥ 27’C J[ jU)l ij\j> y-^j AJ oj^Ji 
. syuy^ill J-t k 79% J 21% y*/DL U *1^1 J N 2 Ort-jj^Jlj Oj JjUJ Jl^ 1 -13 


lijfJc,, 


>1—> <iui>Jl oi» pJ>U 


sjj3 s^li ImJ 260 cm 3 JJ 795 cm 3 c* *tU-5l Jle Iajm; pi 5jlj>JI Sjill i 5 jI>I JUll jUJI y-xa* Ja . 14 ■ 
230 n C V^l 3jlj>JI Cfyj J j^l V "ojl^Jl 04 »i* jW* I* ¥ 155 kPa 

fcijJ ijj^ll bjIjmJI LjaS j-* U . 0 * 0 ^' ^ J* 4.5 m s ojjj j>H; ^ -13 

¥ iJj^JI ii-flJI jit OjHfJl JMJJ Ljit 37°C Jj jlill 5jlj> 4>jJ 


12-7 j 12-6 jUaiJI 

Ch Lu£ LJjjJI »Liii jjuj jUJI CiL5 Ijj 60 liters Jj 125 liters 0 * llijij-J jli UJ pj^Jl JAAJI jIjL l*. 16 

¥ 35 cal Ljji 
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{ JjVl jylil' ) jit£ jillil JrfwJl 

lui jloJu L V 40 cm 3 J] 90 cm 3 L i^J\ 2fTC i> ; j ilc 0, jli ,> 3.3 mol JmJ JaJI v*5 j* U - 17 

V jUll SjyUl! ji 4 j—A ll 

. Lujj^ui LjLLji Ui ■ '.'.Ni L,jip 17 UL*1I jjS . 18 
. jUD C v j Cf a>j! 4 1,28 JjLj JOU jUI y cwlS lj] . 19 
. jUU y x>ji . Jli. jU) C r = f5/?/2 c*)!S ljj. 20 
AW j All j.* Mi i>jl 1 hLiii kiuU l*v-> jup 100 A C JJ 10 n C N, jU 90 g ojl^> i>jJ - 21 ■ 

. 4il««ll ftifJ Q j 

AB oLLuJi JS ^ jjyill y 4j-iiSli iijl^*Jl jUil oLLJl j jjAill 10 ilLdl J] jp - 22 ■ 

. 5 g fjJfJi iltf ji >y*l . CA j BO j 

JjLiJi Ju>«l . 12-3 ^ Jiuillj i—*.J ijIi ABC t Au LujJl 4 . L ull (y = 1.40) Jli* \Ip j* 2 mol y . 23 ■■ 

jjuili jl 4 ju»aS1i ojl^JI i**S« iilkll j JjiyO 


J 075 
| 0.50 

I 

_I_L_ 

40 90 

(liters) <uwk!i 



12-3 f jii 


laiUJI Juxli Jjuill jtf Ujic 45°C jljiw «u44 J * t>* 12/3 mol) Jm*? . 24 ■ 

i+y j] ^!j *y ;,UJl J Ji lj] ( V ) p iU-tu'Sl! .d jUJ 4*)>IJI oWI J >311 jIA U (i). 370 J jUJl Jt 

Cy j-» J.5 4_«jj U (_>) V jUll Ujii> ^1 ijljjJl <Lui j* Ui t 4aLwJl »Uui LLIj 4^> Jai> «j ‘uL>S'l 

? jUll ii#J y^ 

270'C J] 20°C L^jj > jUll . H 2 jli > 30 g ^ iS>JI J-S oli - 25 ■ 

V 4jJLm 3I oj|J lijMlI ijl »aJl ■uti L . 4.4 &tm Djljiu o^I3 Iaa-3 ju^ 

Lu . 30°C i> ; j orf CO, ;1 i & 1.1 mol Jb olj 16,000 cm 3 1^> ti IjkJ. 26 ■ 

JjLUtj jUll J->jl • 1600 cm 3 «jjj |»Jk> JJ jl*5i sl>j ^4^^ 

. oJji Jjjull 

27 n C ■luIjL'iII SjlyJi ck-jjj 25 atm l>*-all j* 4j 44 j * o* ^ . 27 1 

V jlill li» jlj ijt ^ . -25 ft C 4ylf«JI 4jjij> <>jj 

iJLill jjkji. 27°C L»jS> Sjlj_» 10 aim *jjJ iuLe .up 2 liters Lf*^> 0 2 jit > iu5- 26 ■ 

, ('r') 1 4* Jj-yl (i) 10 liters sj J Jl jjaJO 

3_>jjj LlJi i>y JLuS'l 1^ !>•»• |Vj J] 1<344 j 1 1.6 atm lwLij 27°C jup )> jli >• ^-!**-«- 29 1 

. jUU 3jlj>Jl 
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< J> oiiiai) > ^liii >ui 


4->U JjLw 

D k . T, = 290 K i^Vl l*y } V\ = 201. jJi\ (***> ( Y = 1.40) .l*Jl ji ik«- 90 .. 
d^Jl j-u 3 lazy LU-ai'il 11 a *UiI iwLS ijljjJI oli d**i 2.0 atm JJ 1 atm tjk ku j* ^ 

<-VJ f -^ 1 (v) • ji*J PV ^Ul ^)\ rj l (i). 1 atm jJi\ <Lu J| (k^UUjl) »uj 

IjLs ,J&W *Q )MJ ji>ji (_*) . ^l+JI Sjl/Jl 

**** jli, JJ ol100°C Ujji 1 atm 9 jJ j> kU Ip 1 kg 1*^5 JiUl tUl <> d*5 oJp. 31 ■ 

^Jjl ijlj_>Jl yuS ^ U (y) V jl*UU yyj jja*; Jii Jj yJl Sj J»Jl a** 5 It (i) . 1-67 in 3 

V diib iilt JJ cJyJ 

ij^\ L-S y U . 1 atm oJ jil^l kUj 20°C U> dibil S ; «*/ Ip .111 j. 36 g ILol ji ».32 . 
kUI .11 w 150-C J! .Ul >, 5^ £ fj ‘HI Ji ^ ctWill ita J! ‘Ul ^ djfll 

jail ll_* J tkl yjlj_jj <ij> ol»;J iti^U 1 oljjjl J}U Jij). jlp .111 jlkj : nulj . 1 atm Ip &U 
IjIaJi l^aJl oUjj JJ tili'jii ol*jJ j* 

tLal J-W Jl jjJl ‘>JI‘ ‘ dlilj olk JJ Jill iiUI Sjl^i 1*5 o* ‘>?JI illi iti> U-33 
, jUJl lj*J 1.28 ji oJp IjJ J 1 L p Lull ^ jjk 
JJ 30.75 kg/m 3 j-, HJil y*ui djU5 T = 500 K Ip ^ yyj\ klkLI dU, C0 2 j* 30 kg . 34 
U*IJl dlk J yd lj jlAJI Jp J/uil JiAll y->l (y) v JUU JUj^i Lull ; bL U (i), 30.0 kg/m 3 

. oUil ‘HJlojjiiil ji ik£ll3 ; lpJl4^j 

.Ll)i dk, jUl JJJI L^i U . 600 c C JJ 25 n C i> .j * 1 kg UjUu f ^l 6 . <HS oiiw . 35 . 

i5‘ J! < WIQ oUll SjljyJl Jl JliJl Ik yj y^l ? 1 atm Sj LLjk*»JI kdJl xJ> jkJl 

j! dki 15.0 kg dri ^U5‘ ik,l^ 8.0 cm Uki d-ij llk-i J>lj ^jH\ jli ^ 1*5 . 36 ■■ 

lyydl k_Jl b* l 4 > Cjl^ V l+J/ ^ (1/3 5i> >lj lljk.Sl cud. ^ijl »^l ^ 

/i-l . 760 torr l*>.tkJl odl .l^_ll kdj 35*0 831^1 Jib 0 ^l 5 jl^ i>/ cJl5 UIpj 
‘ • J>Ij j>>jSl j. oiyi jjp U (i), 22,5 cm jlji^ yijk*Sl »jpli jp jl/“l ^ ^LSJi 
jljj'il (A-iw (*1 Oii. ( 0.001 torr jj Jil l_lib Lull ji) .i^ji <> ^jdl oy j^l ^ (y) 

? SjI^I Ojj ^ Uj ^l^5U 

il35D (i) dwjdl ^aiJl A>ji, c v = 920 J/kg.K lb5JI v^JI c}j> ipll ^ilU jlk jU dLJ. 37 ■• 
Y l-JJ (_>) . Cf ,. C v ikle/JI jiijljkl jj J£J (y) 

• JJ Ij3HHjI .I^Jl jl5 Ijj (J) . 300 K < 3 jK> 1.0 atm Jju* Sjpli 1 > ku . 38 ■■ 

N 2 jrt-jji-Jl 3 Ip j* j^l< «I^Jl ji J>j&\) ¥ Ojlj> o-jj jjSuL blti i P = 0.94 atm ^u> 
v <1 ‘Ul Jky Jiiu Lip jiikk- y ti^Ji iji^ ^ Jp (y), (kii 0 2 
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40 Jtfiit 


ijjj olu> uj IS^UjU JjSl jyliJI jl UjT 
. ^ H jjilill IL» j>3 J3 U*£ ji o*j * yiU 1 ‘ 1 -f 
**kL-y "51 *>Lm ^ jJ® jSUI , lillit 
o k.jaJI k-jJI jS *i W fytyll "^ l J ij 
, .I^JI J| CjOJj jWil $. 4^3 ^ olfc J 
L^ji_j dUj t iHi*")!' iii* ^ jy^ 1 o 
JyM ‘li] j jliJl b* u^v &»*} !i b • ^ ■ 

gfill, >Ui *111 ^ <** u'^l ^ J! ^ **) *> ^ *' ^ J >- >L ‘ U ^ 

ji tfcjb- JJ* tflfcJi ji ^ (ijt Ij* ; ijl^- ^ «UI ^ Jj »Jjy ^ g®' J ^ ^ ^ 1 J J^' 
jxj'il >j -<^ AjXrfl j uJall ji y Li i 4jil*lill i)J>J J-& *l^U J J* ^ • ^ Wl 

<^JjJl oUUJl JS ^u3 jl ^ Ch* ■ ^ , '* jl IT* ^ ' '* - ^ 1 ^ ^ ^ 

gj IlJsJI <J;ll>l (ill jLJU Hi Vl^ 1 


0 i L^y oyW li*j . yj\ ft* «M jHCl Sj^ M J* ^ J ^ 

. r itivJij r iui ^ Ii*j . (^ijin y) fitett ^ >** «* j P 


(^t) r Uii^ f lW' 13-1 

oi^ji Uj ju* oi o£*l us J,J >- «>“ ^ ^ JUl>l ^ ^ ^ r 1 ^ 

IU ^S ^ *SJ| i«j iMU ‘ ‘i* ^yjj • ^ ^ ^ 
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(liwLul) jitill o^liJI) jU iJliJl j^uJl 

^iUU 


t IO“i 



J5 J ^ 


13-1 Ju»Jtv Ujill ki»<j-*>S’l Cm J-* ^jJl> JU>l 0 i JjSl UUyj jx* J 
jl 1 ^jjJI J*i io>lj JU J JJj li^ ^ Ijji afl r j^u* 
ll«Jl ^ Llaj Ijlj 2 ^j_>JI ^j_>J UilS« ^ JU ^ , 6 ^j*J| 
13-2 Jj-uJl, m 1*5' jjJiJI oL» 0 i x»j_* A, B, C, D, E J^Jl^ 
jjM\ j ifi ,> olj* y-*i 2 siu»Jl ji** jl ifin ^1 j^yi J4 p j ^ 

JU>! Cm •=•»>- j-*> j*Sl 2 ^*>Jl ^ JLi>| 0 l», l ^| l* 

‘ L ^’^ &*k (ji &H 5 k±>j»Jl jl ^> } . 1 v^jjJl ^i> 

*iyi» JUi>l ji j-iiyi . lijLs* 5 j 2 ,> J5 ^JL» JUi>i . Jjj 

6 i 1 ^■ ujl <> J5 ^ JUi^l 6* olj* ^ yOP-^l CHliuJI ,> 
tr* Ail> J-* ^ • W* Sj>^ ®lfc>XH m <k>J JiyJ 

d to & * d j**< ‘ ^ y-*Jl <Ul (^iyillj^l 13-1 JjxjJI 

i-j» J i^\ Up oijtt > ju ^ s-*} ■ ^ jl 5*l*ill bjl^J jyji <*yi ^ otssai ji 5^1 ^ 

^S> 'tsgx e» • ^“ **- (v > vU «* w. 

! VjjM iT* 8A> *J £-U l*j ypj jjJI Ullxll j^Ui 12-2 

Ulliji oL^jiJI Cm ’%£ y^, Jyj } . 13-1 Jjj^Ji y 2 .y^L 

( ilbJL ( 2 . ^j>Jl y-L yny ^jJ!) 13-2 

13-1 Jj^L Jfl i’iUl jjp 13-2 Jjo^JI Ji^ Ij* 
JUI i*Jl ytfjili ^Li J* Ljj it, UL> vi,j.i> <JLi>i JL^o c4u( 


: 43-3 Jjj> 

cJ»aJI ( »_UI LiJ^I Jjj_* 


£**> oL*IU>l C,i <$i i vlyJ-aJl yUi*l yJu l^J lujjip ^1> Ji 


<JU»I 

aJLkJI 

■ y-iiJl 

JjWl JJ t ijuJl 

oVlxll) iJLxJi 

.2 4.dJI 

, <Um« 

; 13-2 Jjj> 

iiijtjSL iJL»J S^jUil iaijjyLiil oKUII 

: 13-1 Jjjl> 


(ijijjUl 

^jJ*J iiliiJI j^Jl 

( v^lj—>1 ) j5Lij OLw ±Jfu 

— ■ 0.03 

1 1 

E D 

C B A ^ 

ULwJl »lilj u«J J I‘,^ n 

32 


_ 

_ iyW' 

. y-jjdl IuJaII 

“ -0.16 

32 

5 2 

J J 

>il J ytf 1 

ijy, iuxll 

“*0.31 

10 3 

J J 

J y^ J 2 

5 0 l 

32 


i) J 

y 41 J 3 

4 1 2 

10 - 0.31 
32 

10 4 

J y- 

J J J 4 

3 2 3 

— - 0.16 

5 5 

lH> J 

d 4) J 5 

2 3 4 

32 

1 6 


• 5 j>-» - ytf 

1 4 5 

0 5 6 
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:13-l jLi 
JJ6 

^jl yfc J^-JI (> 

U_p . V*JJU ijLLs 100 «li!l a* 

H*> y- 16 ^ J*^ 1 d>* 
jl_iiji)»j >-30 j*Ji» jjU 
V ' *i jv 'if 70 v> 

■ J—tf p-y* •'“ ^ >h 

A*V . ujjiiL I ji-a j jU*l jLuj 

u-itt JJ-U j— 1*^3 90% j 
»j >-«50 j 40 j*^ JjU) 


io-u Lfjlj ibLuj ( 4 jojm ixijjilt i)l> ) j;UU OJl» LJUj>I tjjiu ; IJiSjk^ 
Vj^ii c^bjj jsji ji ii>« jjj jl ^ L^jyi o^bJi jjp 
j-» A-ti ,^-**3 o-llil o1lL>J jlSJI jjaJI t %ji , Lf5jjL> y)l 

. 5/32 = 15.6 % jjL-J 2 <ULm>I jli aJlcj » 2® = 32 «> aLuJi 

13-1 <lJI ilj>S'l jj JS <JIj1>! 13-3 r^y.) 





jj jjiil jac jiiii" ^ilt c/JlbJl jlf yO uJLSl Ijjt Lilijj 

o^i>u jsi\ Ji»ji u^< ywi ^ jmi j#- j* ioo jSjj i <uii ^ 

O^L>Jl oj-jt j_» kjt3 »Jl>Ij ji k-A^j ! 2 100 = 1.3 X 10 30 4>lill iuj^Sull 
OjJl 4_>j^l ^_ls ijt_>all l^-il «^lu ^lil 4 oj( ill I aJLx)I ^LLu IjtjjLul 

j-ij . Lva> y^Wl <> } H\ Js v’jiJ 1 J>fli jtlii laii 5J>ljj . <jUl <U! aJmJ 
50 jyt&l Lu^Lli HlaJl jj>&! ijjjjiu iJU 10 x 10 26 Iwju Jli$i j^>i <f> 
jjj Jjj A_M . ( 13-1 J_ijl ) UuJl Ljjl 0 -,Sl Js Ajttf 50 , l } yo 
l& yJ6 4 jJUa> 1 ll jju IjJ JjLJt <L>j)l Js 100 SJUJl 

«5_,^3100 » <Lij^Sl[l <iJl>JI SJU*»i jilj i Ajij^SW c/VbJI jjiU j< 
j_» . - 50 j 50 » UbJi jj 10 23 l*j j L_lu Jjl 

. Uap ub* ioo yi> y <iui otiWii p* 13-1 jSuJi 

13-1 J-iuiJl J &>') , lj> <Jsj~u ALjJV f-j'JjJl 4 ji AA4> jSLJl j* 
^.t_u 60 j 40 jjjLiJl jjf ^>l>«ll Auii> Jl*> JJ Ji * ^LJI k>JI jl 
^_uuj t 50f 10 Jj 50-10 jM J-uj IfJI Jj_aJI ^ Djjj frLol _^jJuJ j 

J^JLJl 4_>yi J_U Uj^fb >_L>o jjjl J^all JOC jli 4l*£ >L*JpJ 100 Ouil I jl Jji 

: jjl oUl oalill . 50 +10 Jli> 


<_ii ^JL tjjJI jJI Js Ujj . ^)ii! Jlj>j1ll i 5jtS)U JUI joaJI 
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(if j I y) 115^M ^OJI ^tai) fit 0)121 >i)l 


oULiiJ jxt (j_4 Jm 9 iiUI Ji 4 ji jJLojJI jJL>)ll JJ>~JI j^xy , jy}\ jj£ 

. Jjjl >JJfc rjl> j^msJI j* IjOP jJxv SiUl <LJi Li 

J^4_e j-* j»iu-/ * «JuJ ( 106 ) j_)JL» JI d«Ji La jjt jjtj 

oL> JJj jxt . j^JaJI 4_>yi ^Je Jfijl Jg 500,000 ± 1000 yi jjt 
l5 )-*) • 499,000 j 501,000 jjj *_L j^a)i jjt ji jit JjJ . oulJi 
jl a»L, ; L_> ijfi} L^i Jj LLJI LJ jj_e SjLjy , jj ll> Jja 
. Ijt> L-ijill wJI je Jyll 

oSjj Ijli . L »yt jj£Jl J ii jyj Jli* y> mJUjJI jt Jlill I a 
fij, oj>j jj* l*ijj t ^jl> J>jI OjJ lilst ^u) lIj>Si 
Cm 10 20 JJ£ J* <3y**t lijaio li^ol ji y^j**) <■ , LLa^l JUi>^i 

ji jdj-iJI Li : a jSl JljJlj k 13-2 Jiilb ^ay y l*S * U jU 

oU^ll jJbll j_i v jjjuudl jLu j>l Li*> Lijili oUj^Ji aj* JS j»J 

Ija jii . L2I *Jai jt Lilli* J l^Jl LiL»j3 ji)l ^UJI Jlj_Jl la j* 
i jU)l ol_L_]*> fi Cs fi> jiiyLu* j*lylSi*l jj-La)l jLu j* JS Ji^ Ja^ll 

l.i.i. a . j . 0 LLiJ i lift j . L2I ,La aJI> fi LiliJli ijyJl jltiH»! ULi ifij ijjj 
; jjl» jjjLJI j^b*. j>l J1 oliiJjfJl Jit J LUl 

|(10») ± \/l0^ = 5 x 10 1S » = (5,000,000,000 i 1) x 10«» 






• ® b* ^ *J>lj 1*3^ yi . Ijj^ fi-e ji 

jLJ J>i ^ oL^aJl JJO ji jlfjipl 4 <JLaJI ^ujkJ LuLj li^Jj 

jit Ltfjj jl Lfjij X>y k ^iJaibj . ji^ll Jusill ji Ujjp jjjuuol! 

LL»Ji «j_* j'i 4 jjjxJi fiA> j>! jj LilL oll; 3 ?>)i ***> u-j5i; 

j—i uAii>!l O lx\p JUivI yk u • ( 2 c>« i> ) <)(> 

? Jjji-Ji >Li JJI oUIm ji ^ ^ o A v> Lai oli oljLu'i’l oia J JJj ^ 

oLljLs'Jl ) iLijlj>Jl ^^>JI jL Luii ji Lf_iLi luixjj. LljljJl 

JJ ^IkJl j-< ^jl^ajl jSaiLjJI ^UslU) iJl> fifj v uu^J ( LljJjJl 
Lvil jtfjjill LLJi 4 jILI LjjJi *kili UL> JJ ja*I , cUi) JLLSj . 
jit ill* ej*j i JjJaJI jif C>^ >*“*■> ijtL l«,u» j*Jalll jj* lifij 
ji_, Lil^iJi LjIjaII HSJxJlf *Sj> j^li . plLjJI jj LL L^-jj 

IJljI <UaJl *js3 iyu j})itfij ^UauJI Jiig Oy jiait . Lji tfi 

. ilAill LiUaVl OU LLj^I f LLJI <Ul> jj 
^Um)I cJU LL> j_s 13-2 JJDI fi jLJI oLlij^ ^_jji I ■■*' •• i J2Lj 
jluu jl ol^jJf t*~“ lij lib j^llj . jjjLJl jLJ j>I ji Lhjj> Lp-j^ 
pLbill j-lx; sjfi I i-Jjit v 4_ulvi*Jl OjljjJl S5^JI jt IJllilj Ifoi lApjj 


;• ■; 4.V . ' j 

!, 

tj* J 
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(ifjl J>i\ ULmLjJ ijilill) jip iiillilt jrfiJI 

^LixJI LIU Jj LMib iy»j jJj . Li jp-Dl < )L>7 «*■ jii J] J^.x'ij> 

. IjJ Juu"^l 

jj jl*—pt—li jUjj-ii ( J—I »yjl ) ^ltj)Ulj pltill Jtyfa jl (Jfc- l»* U piu* 
Cxij^u LU jj jl jJum jiltull o'iU ^JLpI jl IjJj jjj Lilli I sis 
J_kj . ihyJ* iiLjJw IJj* JS jl iLt *Jih) JS kiu* t hi) SjUj 
^Lu>lo^lL>JI jlil jj> ij_»j k plL*AJl DiU juoaJ bLi’ jj Jilt t ,lLIi 
sLvj Lliol jj > T ^..Li jjJ*JI ji^lLJI r ULi i^Jlillll oljJtiJI jli JJjJj 
. LJl«l*l olj o^LLl »L* » j-iji jliSl ji k Lilti JiSl olUJI 

: Jyj iUU LuivJj 

i L*tii* DU ji 3 jjj$ j* j^5U Jjjjc* ojlj> f ItJ li] 

jj *_ ni') ji k { jrfjil! ) ijljj J] JJjj KJU. X ) pi oljLill ai» yli 

. Ji*>Si j—k>i 

k oLuijjkJI jj LLfJI jIjlp^I ^jJLc J*ku ^ 5 jJI k ■oDJl j**lji j* jjilill lia 
o5a*LJl oJwS'l Jj* jJu y»j . i*jlj*JI LmLJU jitJJI jjiliJl jy> j>I y> 
^ JjSl jvliJl ji j—* pjJL lift k jjlj*Jl jL*LJl jl\j^l J] Jj-ojli J] 3 jjIj*JI 
jt'JJJI J_m 'i ^jJI ; jljj'il LU jl klUi . oljrfjull gj_» JJ* oiLuj 
jUl*j k ,^*k»Jl LUi*’il olj iJUJl ^ ; bittl* Ljjjjw J] kijI^Ll ^j5Lb«ljkjjJi 
. j* jkl <JU 

LujjiiVI 18-2 

; LU* jj-iiiij.* jDbJa* ( ijili) ^LtoMJij j* JS jwJu JjU* jSL 

D**ji*Slj. LijJu^U ii«j*ll < j*^ll jU'>~ ii* jjlu^lJl jjjlft Li jli kiDi iui 
j* jlwj j£* £*U)I jjU< JLiU j) ifjijjlS . j xUJ (ijlj> ^> 4 ^ 

f —xll j_* Lilj uLmUU jjlj_*Jl jL* Lj^jJl OUA*Jl jJi Li Jill ^UJl kjuflj 
. cj_s Jl LL)j j ojLU kjjJI u*i jJi Jj> tljSi ojLuJ . jjUl Jl j>LJl 
DUJI oJjDl* * —I'iJjj OjJxll C,k5j*L Jl UL-ay xi) 

. P. V i T, U LyLj/Ui 

<I*D J—U <j_ilijul U*jiy U pltu JJ (“kij.iSl Ji Q Ojlj>JI j* sL jl j^JUJ 
pltJl Ljji*l jj ^iUJl ^LiJl J)j*j iiUJi gi* jj . T <l*jaJI J* *Jjij* i*jj 

: o^LJL AS' 

AS (1-13) 

L* JkC ( ll*j* jjij AS jl ji ) LrfJjUSl > ^UauJl jl kjl*j«lll lift j* 'T-euj\ 
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fcIF 


(LS^lirfoU ojiW!) f* illill jUJl 

** 0, ^J J U3-1) DjUI $, ^ . f iM| Jj y^i yU; 

. cal/K jl kcal/K JS. o^l olj>^ tiL»i ^ . j/k 
j»ytjp c4*3 J*i Jj ^ , iii oLUl AS ji Jo.'i 



^- !,J W ^ 1 ji *v 

j.UUI ^ >21 

j>—JjJa jit <2U 

J>-i j—Jp £>»*. 

■ CB j 4C ^jLuii 


6ULL Ijj t pJ . [7 DUbJl ollaJl^ t flfcj DU Db L^i ji 0 ^j 

UUJI ol^ ijl 6 \) ^j/Ul DUII ^ J ^ ^Lj 

oyS jli JJj jj* 5j5U . U^Sl o^ii ^ * ( >0 P, V , T 
*** J-Sll DUI iAu 'il AS ^ >sJl ji ^ DU DO L^i 
^ 0^ (13-1) SJjUII £* yiiLs* Iju, ji JjSh ijuyj JJL.W J,. ^Itili DU l* 
^ ‘ i* 1 ^ 1 juP J <*-uui vs^uji IjU\ ^ ^ Juki 
: ^ U 1*1* «*»* j^L DU jJU jj*l6J| ^Ui ij> 
UL> J! <dV>~JU;U3 ±ln B DUJi JJ A DUJI j, jfi j\ jl -1 
# Ji C j* LLp Ljjuii C Ds*wj 
• &ca =Q $<&)< jpto DU J \jlb j,Lj Q i Jtjdl lit. 2 

^ac -QIT itf (13-1) DjUII ,> i*j AC <JL*D i^Xly.3 

« JJA^m DMjUjIi U*4 AS^aS^.+AS^ =AS^ c i jjj_4 
y! ^-**1*1I U*J • i-JUJI DJb J_j*J ty*li <*U±Jl ^ 4 DaUI ji 
l*llj djUi jS* L IU; » C D^jJI DUII yJk* AS 4C yL> 


: 13-1JU. 

4J*;J jU: 20,0 K iiltf ^JDI j« oudi jL^I Ji: ^Usull t^ijpi Uill jljJU l> 

. o.oo°c 


D 


i^aki* JVjLUI 


? HJLuJl oU b : Jlj«j 

U*DI jli 4 _J^j c ( 11-6 ^ai, DyU ijl> Uy oL: ^ : oU^I 

• Wj^ 1 ,y 0L : Jljw 

: 4Ui L*j1p v1j_^ ijljjJI Uail 5jlj_>Jl Lu£ : oU^I 

. &S = QIT 

V Diiill jjijUl L«A jUoJ ^ juS : Ji^ 
) DJI jL#—oil »;l^ jJUl LU DixOl JjIyJl J*W ; 

Q = rnH:( 11-2 
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( ^>JI I4*LuI) yllll ) ji* AttH >ifl 

: ol^r = 273K^.3uiiU4)«j>)t 

j£f. = lH0.0«X8Q.0c»l/|) 

T 273 K 

lfj,m Aii; ji A-«y Ail ol*j> y k^ 1 j “W ,J * 

. iuJull lU'l 

L>_)J pbii-jl j-U <->j J jj 

kjD"^ 1 y j**^ 1 1* ■ kj.^ 1 j& 1 / 

24.7 J/K ; U»V! V -10 n C ^UU *#\&ii\ tyyJI <*;J U\S ^! 

U%}\ LUuL-I y jUyl* g>*jl 1 Sjl-Jl yi^ill JI J-M ^ 
mao* jj Ub^y jJj . jji^ji ykM fiw y <*j j ) kj^ 1 

^L_>JI j-t jx*4 Jiju jJL>«Ii ji jSu, flUJ LujjSl* <-H> J-S ji iLLJl 
LlbJ i/Uil U>^ c/SL>Jl jjup J| >>J. r l^l 
U5 1 12 Lwi ojlj US t AjiJkj • U^*j* **** 

y*l <JU ) yljJ'Sl Sil> jlJ <*l*j ■ ikj/U! 3JUJI .db *wlj 

y,i^, , l, J 12 cAbJI ^JSuJI i*Ji) »>lill <JWI y ( oJUl>1 

: JI3JIS 12 i S 1*^1 j* O'JUJI yi o^/k ^ 

S = Alnfl (13-2) 

5_Pj/U ill* cJl* Ijli. oljUU <5yJl y ^>11 ^k^i> 

i In 1 = 0*1 v*u»j . fl = l $ ‘ <*>)£* * 11*1 W d ** 2 *k“ 

U»i*jl jfj UbJI jjl» JJl» ji ^l-WI Ufipl' i!>l (2-13) <JjU 11 jli 
i^SUI UUJI <*)Ls»l ojlj Utf ; Jilly . I> djU (flM **«* ^l** 1 ) 
0 i ohJI li*y . Li*t 5 j In fl Jlj Utf • ( ^J '3 J^k) 

ivXti jjj j-ie . r tWJ oJj /111 uwi j^yii ^ kj^ 1 
• IJlill <***11 ,y ojijjJ» jJdll Or^ 1 

^ _^jw)i 11 * o !-» 1 ^j 1 ^- ^k«> J JjiW 1 r 1 ^ 1 * JU ^ 

. Ji^>S'i >>i J Ji!« ji • k*/^ 1 W ' L **< 


: 13-2 J^* 

piy} tiViSL* #>') k ^>> 100 ^ lijOl* j 

60 ^ JjjJuJl J->l A iJUJl y . jyi-ll y ^kyJ! 

u-l 0 ^ ^kyJ' j, 1 * ^ * JbJI y U 40 > 

xjp L^jjliVl jjU y U 13-1 JX5JI fiW-l . uiJJi-ll JM yp i5jUII< 
. B iJUJl J| A DUJi j* Jl *" 1 
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i JYdUwl 


( 'Wj'pJ' lialjjjJJ ^iisil ) jitf. J«mJI 

D 

1 f Lypl -Uiu IjU Ja ; Jlp 

^Li oJLix^l ji fjJLlI j_»j i i*lUi>l ^1* aw*: : <Ut>yi 

ilUJl ^1 iAjjS^I c/)ll>Jl JJjy 
V 13-1 J£JI jt oU^LJ! :i» gJpU y5 uj JuS ; Jlp 
j> LS ^jyJl y-ii p Jm J ^yJI J l^L Uj£j : ^l»V! 
J-&J' 'WjM Lf>vk-i Ja Lli£ll ji jj^Jl <5111 iLJl ±>jL, <jL* 
<-*« 6 j_» jj* J\y» } B ilUJl J 10" o^bJl jj* o' 13-1 

. A <JL>JI j 

? 'p <Jl> tjl ,y jilisJI L^pi jiuC j3il U5UII jM L : Jlp 
U^jii 6« Jpl' jj-* . $ = A In 12 yUjil^ : 5 jI»}II 

; tfl Ull J f W 

AS = S fi -S A - JKlnflj, - In n A ) 

jl i?0 OjulbOl ^ yL** ,3LiiL*JljJjJl 
S A = (1.38 x 10' 23 J/K) ln(l X 10») = 8.90 x 10 22 J/K 
S B - (1.38 x 10' 23 J/K) ln(l x 10*») = 9.21 x 10 22 J/K 

• <!p! 

AS = (9.21 - 8.90) x 10 22 J/K = 0.31 x 10' 22 J/K 

<JU ji J»i Ijjkj t WjD "^' 1 j ji 
JUI/j i ^yJI jj o-jJ Je iJU p ( B iJWl ) jjjioJl & 

. Ja\ iJLix! oO iJl> 
&-> jpJ' ol o^^Akiki <lUl fl» J> j£»j : 5jjpl* 

: UfLu L-Jl ^Uy ^jL t OiJjp 

AST = *(InQ s -lnfl A )=*ln^- 

“a 

= (1.38 x 10' 23 J/K) In 10 = 0.32 x 10 n J/K 


Jii Jj Ojlj^JI iilWI Jpj <, <Ujl^*)l ob 13-3 

i jl£ O 4 ^' Cy*)l Aj+) v-Jj 3 ij>lUI jjjJJI yet p Z^jlpJl llutjwJl j^2 lij 
jj JiU j^aJ JJ ojI ^jill IjjliJI ol^pJl J+i >* -Uj) 

o'il culA JjSi iLjUJl oLSpJl ji ijJjjj . vLJ)l LjjLa> 
^5l>J yjl y^jiyjI yA>i JJ jm1\ ll)j «Uk j6J Mi 4 LUil L^xit 
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(y,iyJi m*>» ju ojiui, j* 4K> >ai 


Jl~ j ijSfll JUrtU W -.Jill «,!!* y-J' »i* I ott/JI <U 
fUl tfp+fSHJi l> l>l iU-'il .i* jltel £,IS W . Sjy WWI 

Wx* rM •va> W rf i» •'*' 
jl jj . 5oiy» 0* u J“* V 

0 i piljll CM) . jiiiIS- JJi J! VjIj*» **» 4* *y Ji)** f* M 
jUI ^1 J^jl J. GJ ilii I »s . J-jll II* (f & tfjW dyJI 

jliSl oLSyJI jLi JIJS . Jjijll jl|l»1 1*£ am fflM f>M-< 
olS^M C~i J. ^jill 05UUI ,1 ^1 ijlj*. f*MJ jillj V/ 
. olSyJI .j* JS l+J jiM jil Vl<iii)l iniljffl J* <fll j/i) 


* * - '<■' -«li * *4 »i'i yl—i jxtll 
L< _Si *_jjl j*l\ filkll J>»d ul>li!l 

r y—^yf iil_Li!l »:UJl jilj i Ji*i 

j—* I 'jf-p '»j—f o' 0-« 
* jj—4 tri 


O' y-W liJ^ 1 u-* 

• JUdi £>j f jUJI 




V“iOW> 

T< 


I 
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( ISjjLujU jjliJI jjjUJt) jit* vliJljJI J^ill 


j~t £j_ili lift Jjj 6jj> d^>MJ ihjh>* Lkwj 113—4 JSL2JI 

ujmi Lm k U_d CiljLill Jauua ^Ujjl Jl <L)l^k^Sl jj Jjjyi jllji*l Jjjj oIS^mJI 
j*-«a)I 4li_/l^i 5_iU> J| oLxll Lij>Jl jj_» jj «~ij . JLil JJ ^Idll 3i^> 
Oi-tf 0!-» • ^I5ii IjjM ijpjAj Jj^JI Jmj Jjy k ^1 

*_ji . Cluj k jUli'il oixkjj kliLLuaii^ k 4. < ?.;KJI Jj nli*Jl j* 

. Oils Jj <ylj>Jl OliaJl Jj^so j* J_k>Jl lifJ C-L/lIl CkJl jl} dlj 

olj-L* j tt _ i»l) jSuj , Jjlj->JI Jj*s*U LLc }Li*j i_j 13-4 Jiill £tiy» 

Q h Ojlj-ftJI ji V UJ . JLJIS JUI lj* cUldfy JW J! Sjl^Jl J tyj 
J-»J y* li>j 1 Jj-*Jl JJ ( j>L- ) i-t&jt lj\j> i»jJ j Jjl j> jl j> j* 
k ^ioLdu J_«_i JJ OlLJI J_>J j_i i'j-> JyJ>Zj djxJI JjAjji . dj>dJ OlUJl 
Lmku 9jIj_> L>jJ (jj i5jlj> jlj> JJ ( JjljftJl fjWI) Q t jiijJl *)*JI v^y 

» *> j > ijL—Jl <JL> US 1 jJ^Skdl j^Ul jlj>JI y *-1^—Jl j^SJ ojU* . (jjL) 
. ( jlaSiJ 1 ) k_i>wJI Djj^U jijO ji ‘l^fjl JJ <i>LJl Ojlill ^jlyJl r y*j 
JjUl j^UJl j-j j i x i jjj 1 HJlkJl tlL jjilil £-oiu ji k_k>u Jp*ll j*i l^tij 

■ UJxiw •Oij> jj 3 jl>Ij ojjjJ <t~tjJL/ <tl* <4jlj>JI IS^UtjJU 

Q Ml = Q h -Q t =W+MJ 


JlL_> <d>UI olLJI jjajJI jSJj . Sjjj JSJ d^xJI Jl«i j»j> IV >U i > 
JJ Jy*Ii iLUl iljUli jji k A U = 0 k ULp j«Lk> IMS Ljlj> >uSLmLuj Sjjj 


4—)^ 3‘liS jl bJjjftil j* . dja%*)l o*liS k_»Uk>J y^UJl si* j^ll ^A>klU uiy*j 
LJUJi oift ji jtiiSJl LUS li'iSifti JJjjj . iillsJl J>j JJ JjLiJl rj> ‘U-J jjLu 


SitiSJI 


VL 

Q h 


: oj^JI J* 


jkUSJl = 


J oJlc ilknil uUlL IV jC jlu^iuRjj 

(13-3) 


Qk -Qc . Qg. 

Qh " Qh 


. JJ JjAjJ jiJl Ojlj^Jl oiUI t 5 jJI 1 kijlj>JI ^jUJI jl ijy ljd*j 
. ^jlj>Jl J^>Jl »»US f Ji ji 5 J*Lk* 
UuSJj 1 <jlil ji 100 Jj**Jl i*US j^l-i l_yL« Q c jl IL£jI IjJj 
jJu j 'll j-lii Ij> dli* jl* k JiV.1..H lift jl old^l Lujjii'Jl fyi** j*i(l ^j>j»*> 
• ^J 9 " ^J * 4 ^ •Hy O' 
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( bLwLyjJU jillll j^ilill) jit* M JmJI 


v-iL—ul ‘Lui y 13-4 JUJlf j*Jl f Halil l*jjiil ji j*ull yL*j ftjti Jv- 
j_*b Ci->J jf*J jjJ jJ> LS JJw Jj*Jl tfi Ijti) . Ujj Jj>JI JJ Bjlj*Jl 
jjl^aJl jljiJl £»li illi . jJjj 'll *-jj Jj>JI o|j iijlj>Jl yli-ttHl 
L»jii 5_u5 >.t—.uSj jjl#JI jljiJl jl US t OjljjJl ,> Q k L*jji <>S>LJI 

: ,$. 5jlj*Jl i> Q t 


A S c 


Sl 

T c 


) 




±. 

‘ T k 


j* 1> jS j£i J V* ji J* 0*H jllil* UJ^ 1 <$J 

: i jUl jjLj 

AS, + AS* > 0 

Sl.Sl>0 

n n 

; J^txl T t ji yj-sJl pJ Qif jl* j>^l cijUl Jj yJUl a*II Jily 

7T >7jT (13-4) 

Qh T h 


: J **il (13-3) iljUll Jt IwUl jatyu ill ImS* j^l 


S*l*£Jl< 1 - -=r 
T h 


(13-5) 


: j . (13-5) QjUuU UJa t tfjtiJl fcUlll o' S 


J^aiJl OtliSJl - 1 ~ j?- 


(13-6) 


i*LiSJ j_-ajl x~> JUjk ; <-£jjl( < >“ *11 baa JJ JjLJI JJbuJI 1* 
ii‘Ltill 1 t'm'j * L *u .t V <^j'j>ll olijxjl J—ali J-1> l iljj'*l ( 

Ch JjJ i)l ^ S*i lt^j j S* 

yu Q h JJ J^aaJLj Li] jbj-i ^1 *m (jl (13-6) UjUIi 

<_*jj iij J! Qr J* ‘ ,J -* ^ ^ ^ 

05^ dj*Jl 0 K oiP Q, Jj- && OJ *ii ^ Uiitlj 3jlj> 
L<i>j J*i JJ »jlj>ll J>j ill* "lljxi i ‘Ql ji 100 Ujji ii‘Qi J«< jl 
3 Jl» 5fll ei» jjj t lljiii 3 k jjLu (j^JI y JWI ‘UiJi i>jJ 0* 

jj>i iu^ sjU ^ t <^*j>Jl l5yL»jU jlQJI ij-Li 
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( IS-mLjoU jilill £jil2)l) jitf. dJilll J*i)l 


JiP'L-u J] J-»J CH *JUI jJ 100 JjX* ^jjl jlfjkjl 

• Ljiljii 

*jjJ ibL> Lfiiill SjIj^JIj JaJI yL> Ji^S _yP ^lill J^aJI y Lylj 

tiuji jjj . Jt oUUU PV ^LuJl Lji j> uluLljj 

oUmII Lr jJwJI o«UL£JI jl - LiutyJl JLku ^3 jljjll j>L yJlS jjL 
oijx^jJl £>_» 4_jjO jiSn j_>ij Jib jl j-5y (13-6) UjLil 

^>j d^xJI ll» s Jj*i) 1 LJLiil oljUU Lii -Lyb^j^lj 4ywyiSll olLU-jj'Jlj 

Jy~u)l »«lxi)l jfi IjjlS Jam i CyuoJ! Ojl_v>Jl oLSyJl 3tUi5 ui . y/j\$ iij>4 

3jL_Jl J jm 3tL£l . ^j>\ iil^j ‘IK".iNK ijjj£ wjL_,S L^Jsdl 

^-i>jjJ Uy> 3 i LiSJl c L^jiJ <5til ^ 25 'Xj 

iilifll jli dJjd . Li Li l jj 80 jjSij ji y>j Lf' ». » J*v jlll 
<5111 ji 65 j 60 jM r)ljM ‘l^SJl jJ y ji L«iv~i.ilI LjLxJI olyjUD jwLII 
JJaJ Ljjl^l LJUsJl j_* Jai5 Lilli jj 45 Jl^> Jyb <Li>J IfiiL t LJu 
. vliljJjil ijljj J> ^ .i K g Jii Jj oij^Ull ji . Ul . d l j>Ul 41! 
Lm jjuSl JjU Jj 5jlj>JI L>jj <JU S^jl^l LSUsJI Jy>3 oSbil j» 

3jlk-aJl 4_>jJ J_>^i ouu-jl , 5jL_»Jl i>jJ <. Lo ». b Ljlj>Jl LSUaJl ill* 

5jlj_> xjt jlJ.'L cjJ-ifj Ijlj , OjIyJl olLJI djj_*J ^L_yui djLp 

^LbjJl ^UsuJl j_» Lilki jjLSl L5ajUjj lllju q%m UfJii jjjJlxj 

4_>jJ JJ LyJjyjt l<j- ill Lut iklj_>Jl jLjUl JjLijj jl Mu «jUI 

Oj> jop ) jiu^wvJi JjUJ ^JsJJi LJU <JL> jAiJi Ji*i dJji . jijj'ill 
. LjjjiiHl < J>o » Jn <JL> Lyli |d i ('Xu jby'ill jJu ji oliu)>Jl 

Jj liidl i^5j I j xll dj>Jl yt jjjLS dj>-» jl jLuLpI 1 '< W»j dJj 

ijljjJl OkjJ i-vuj* LjjljjJI LJlkJl odbJ> Ijj Ul . j£u jji Jib LgjjdVl 

jljjj kjy t ^Lulidl Jjblll July jjJ l>jj <uiia>i« Ljlj>Jl 4iUJl ILLuu 

j-} Lojdl jaL Jw dUj ii>y J lyUl 

. JjSl Jl ^Itfl ^Jaiil Jjl^l jl^tjujJl |»lbjil Ijjk |‘jj jljjijjJ Jid ^ 


: 13-3 

JJI ijljj ^>DL j-uj LLkj j-S Jjliy 

<>jj jJwf ^jUS Oj-wj 800 K Lkjj jie ‘111 jlio . jll (> fSJi 

oljLfy 1000 tjji Jja ju L5^_v<iJi jjjiil j,Jjd Lm-m Xa»u jjlULI , 300 K 
i_j _u Jor-i Li . jjjjjJl LyiJJl :»U£Jl J^ju jlS ljl_j . (MW) 

? jjl^l pjlJl 
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( ISfsUjjJJ jjUJl jjjlil!) jii* cJLjJI J^aill 


D 

1 ^iiUi« JVjLuul 


l' ai'iiJl j*«ju p ; JILj 

yjLS Liyk ; jeHjyll LfL# J-*\ jJll 0jlj_>Jl 

: ( 13-6 iljLil) 


T. 

^J-mII »eU£Jl = 1 “ — 


V (5jlj>ll |»jIkJi Jj*u j^yl) SiUill ii^L j* L : J!^-» 

Jj5 Q h 3jl^>JI J>jj ( rj>JI ) £>lill Ja*«JI jn (jjLj JvUSJI : 

^jL«J| /i j> . = W + Q c jl L-dJ LjljjJI liulLiJ JjVl jjiliJI ljjx>y 

. 4jji)l il^Jw Lyj£ ^unill j£»J jlifaUl jliLj . Jjl^' 

1 1000 MW L*5JI JjU3 I3L : J\y 
. Jjj! JjJ 4>Ull Ayily^Jl OjjiH 

Uui Mr' JjLjL jj_ijyJI ' • j J_uu jl il)l 3jlj>Jl ^yl>jJ Ai^U L ' Jl^W 

TQijW 

't :U* 

?h Qh ' V+< ?c ^oul + ^wiisU. 


j4-toll o»L£ll *3jl t a ■jL'vt' | j Jyji 

jhJUI SiliSlI = l-m -0.625 = 62.5% 

^ 800 K 

* 0^! • C Lr 1 ^** jl* ijJi* 5jlj>Jl ol^j jl Lib jfijj ) 


0.625 = 





: Jt J-»*i aLj 


P wuatL , - - P uu , ± - 1000 MW = 1600 MW 

Wd!ilL 0.625 0.625 

aJU 5j!j_> i_>jj jj jli-y 3j^ olfcJly Jl*! ^ ,/M li* 
. 1000 MW + 1600 MW = 2600 MW »J 
LiA L . Lilli jJ 45 Jl_j_> OjlxJI olSpJI S»US . jy^J 
* j^yJI li» Jil ijl^Jl J>Jj pjUl Jj* 1 jliwi'yi 
itUSJI >U&il jl k>V . P iB = 3200 MW } P vuiM = 2200 MW : oltjfl 
jjuil! Lilli jj 39 *» -•'■■ jjlj>JI i.'LiJl DjUj Jl jjjj iilll jf 17.5 4j«uj 
. DjJiJl £j> 
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\ 

(jl^JI jyliJI) ji* lidlill j^jUl 

<ukj)l 13-4 

Jj-*' ojL* p Lfl»i> iijjj U jjU ^iju L^j ojlkdl tj^JS c/iL> JJLL» 
£*“** ^ jJUJ! uyliJIj iiUJl j* Ji-Jl ,^Jj i j^j] 

0-* JjM f - .i. ^ i oi I Um oJLwJi »ik jS yiiij dli 

JJ JjW 11 6-* 5j'^» yl*-0' fj*i jilill oyliJt o' £*J . V W k*jjl 
oL»jj« Jj » (J _Lt ojlj^JI jLlv)I j}* Jii Jjj i 0>UI 
4_1J! jM) xJ> ^-Iti JJ *11! £J> jij£ d> JJ ixio L ft i »jlj>JI 

<LL>JI BO*. t 9jjJ^ fljUl lj\j> 4*jJ t>auL>J JiiJl l*j pjii* ^iJl 
( ol^MUl) oljjfilS j^j^lSJI LJaii 0-* J-iJ*Jl J*s ^Li jM 

. i^jljjJI oLx-allj vl^J 1 

j-* L^b—O' »L^Jl llwLl LilJjJI vU-01 pi JyjjuJl »j )•> jij 

j ** r* ^ 5 ^ J ^ IJ I* •' 13-5 ^ ^ >* ^ • ^j 1 ^ 1 

O-Hf * 51 i** ;*i om ^ 1 1 W J>J O' ?r T h iJUJl jjIyJl jl»;j 

1 j L^i) jA isC-LJi2l . i laL 

J.n ilTLj.j,. ; ;>- j ^ o- 4 ^ l^ 1 <*;■> ^ Q, 0* djlil* jl+*l] 

J_iU , i-*j>dl A—j u ‘ O^UII jiJ A_yU ij_»j . LJUl ijl^-^Jl Ujj jit Jj!^> »jU5 Q a BjljjJl 

. tlijjlliAp ..... . 1 

olkll A_«i K—> <!>lJl <iLUl <xi£ j^Lji jl i_jiko 3jlj>Jl l5j.«ljjj)J JjSt 

: jl ; <^jliOI 















( jjliJI jjjlSJl) ji* dJUll J*i)l 


Q e +W=Q h (13-7) 

ljj> JjU J JUjjjJl pJj) , LJjy Ck^JJ UkjisJkj iLrj y 13—5 J5JSJI Jlw 
^_Iaj ijjjl j^^JLi <.rtii'u jLlf <dajj ijj JJL pi 1W iU 5jy>S'l jj fyJl 
, i>WJl el» ji ijjJ j^ll am) . ^_pJl IjuoJI Ju> -30°C i>jJ jl* 
jU J#_iiu JjjXkJl j* jli-JI *j^Jb »Jj>jil iiLiJl p_jL SjjjJl Sjljj ji 
iLiojUl Ilk t-lulj , IjJj 0 Jjjjj JjlP OJLli ^A£j O-jJj Jlf lxi*j Jj 
, 5 j 4-*S> 4_>jj j 4iii—J jUJl j-lc Jjljil W J-iiJl yx—u 
xlc <j^I^> j* I-"j Jib kiy» • uAjLII oliL J jiLJl j^JUl j*t 
J_i£»i Ck^iJI j^Jj ,> yjli; l«jle ) . J>i>Jl »lj+Jl JJ <u)LJI 5jl^>Jl 1>jJ 
JJ ij_» oy.j^ *ijH “L4** . ( ^UJLLl y^ tl^Ji bji_u L ^ , «-*>)' 1 

ji ii_>H ‘l*^_II JJ Oj^iy 5jlj>J Oji i JiUl J^lsjl JJ 4J y*j 

jju 4 . j-4 1‘jj* J_i*3 JjpsJl Jj-UI ‘liiij Ji^bJl <liii ijjUil 5jl^>Jl 

jjijill lit OjaJI i>jj j* yju Li JJ JiUl j^_yUI 3jlj> <*jJ iplxxil 
^4-iS kjLsJI Liiiii 4_JLbuL* ^ ojjliJ jijuu ^xj> Jiill «JLL» J^L> JiUl 
j^ll r-U jjJl i lijLJl jjjjill . ( 12-3 ^ >j n jiJl Jill I jtll), j>j!i 
jj Q ( ojlj_>Ji j_» LuS yUJ Jy jJvJJ iLySllI yollSl ; lj> bjl 
Jy_i Ij^ilj . i>^UJl Jib jjjJ JJ L* i JJ iiiljjl jjJl obyLkj 
UI_oil JJ ^^il by biLe j Will ujdulli k { liib mui)I ji jlaj ) lijUJI j^jili 

. jj>i »j* jo^' "w j/ 35 ^ 

Xj*y oliL j_5ilj . ii^Ul tjjk y-il ‘l^fJl vJLu£ 3^>i J*«J* 
JJJ* rjLill >.i /i^'ill oliL ±J*y Itjjj . Jjlll Jib <)1>JI ci» Ji 
j^i—<Jj J-iljJl ±iy> JJ Ijkj i <^jli J] Jjlll Jib j* »jlj*Jl Jiii 
Jjl^L j yjj Jjlll 7 -jli k,txk ^ lll jl^Jk j* yjiJb 

• ( Qh 

iiiLJl Lul^ Jjlll Jull jjL: 4 L i; Qh s" Q e jl (13-7) UjLII j^J 

W = Q,-Q f 

jjlj^JI Li5 j^ <yjJl <11^ COP ‘bVI J«Im ^jy* j^I oJLcIi y-UJj 
: pj^JI JiUl Jijj Laiilil Cj-jj aL ipjiill 

C0?=% (13-8) 

Vv 

; jit J««>1 W (Jlxl (13-6) UjLII pliiljLj 

CO p =-^-- (13-9) 

“a “He 
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( jiloJI 6JUJI J*UI 


J^f - J* j J! i) 1 ^ 1 - COP ^ $i (13-9) ihUil ,> 

• i> j£l ^ $“• l#iS*i lM i> »>-» i-i C)i £*y. !j* . 1 6* 
U^Sl oljL^I I LllS^ n5jlj_>Jl j^ajl Ul> UUi 
ueJlj>JI Jjljj. ijlj*Jl J»mS <> j^dll ^ilSIl ojJlilb 

»b*il J 4 U o' . Jjl^l JjL#5)I Laj^ oeJJl 

: iftJb Jut j jfl ^iS'l 

(rf^i) cor ’fpr ( 13 - 10 ) 

C*-* j ^ 1 l - ,Jlip J 1 *" (COP ^Iti) »|j[ jjji 0! 
4j\j> 0•> J! vW jl* (;Nl JaJI 0^ lj-*j . I^yw> 

4 j\j> o'}> J! ijlyjl JliSJI *Jl» J Iw /*»! j_£n jici i>jj jj 
• j& Jd ijl^ ijrjj ji 

^ «!• • J^ill 3jjJ fbii-'ll >T Slll» OjIjaJI olxiil ^ 

Ojl^l cijJl ^ Lu . .b^Jl oUU 1 > J* Jyx! 

L1 3j_>» 5 »l t Jill J—>'j oL«li ±>y 1*1 **■ ; tlj| !i j^liS 

jjj . OjAll J—>b ojIjaJI pjU!l JtyAj JllJly Jjill Jib utiSJI oliL i>y 
^•jLjJi «_»Jl o-* iiUJ! ikJjj o^x»j <JU!i 

. kiUJI <kJ^ Jjjji! JiiJl j^JU oxJ ^ juu jj(JI 

j 1 #-* i>* IW-# 1*^*1 &J5D VjI>> 0I alkiil flj&Jj j, ja^l Jb*s } 
jj ^ Jjill Jl Q* 5jljxJI JL Ixill ol lib , «I^Jl JiuSj 

Uft^J jl^JI »bl oleliJ COP o' ^h>} . Q c SjIjjJI fljDI 

. LuSi <uj^UL OjIjxJI a. v . ^u U COP Jjjv * Ku bJkll 

( ii~a) C0P«|-= , 13 - 11 ) 

: »j-»Jl <i. n » l l COP i>li 

(^UiwbU) ^1 COP = (13-12) 

O^jLaIIj i^jljxll < > n . ll (13—12) j (13—11) Q^iljUil qjj jyJl 

, j jJi (13-10) j (13-9) 
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(lipUi) jilSJi ayUJi) r* *M« 


6 ^ k ILdjii i«l> t jUjj> jL jjjli jjU*j yjjjljjjiit 

i « Xju j£ jl» Vi 1)^1 » jO_y jLxi yi 5j±>*Sl tluJI otjUl J^k> wAa> 

jf. JjiuJU Jyu {fa) . J>il i^Jl j y-ji*j «;* yi ylbjjj Jl*« 

JJ jlj-Li'Jll jy Jjj ji ^—> ijlLjJJl oL»y*il £*» ciL Liui Jju 

. ^Jyl jl yyJl <lUj J[ JUu>"^l 

4_jliajl JLjI J» jijib lifJ ijiSu-ul j Jail Ji>] yaxto* 

<.liilJi 4_liiSi jj^. (■ i_o-Si y ) p_«osH yk 4 _wLl»ji j_4> |>i 

y-ikil olyJ yj Ui*li) yill jyatt jS j liiSJj iLyUl tifJ uytll 
v jkll ol^ai y* Li* 4-i^l*ll pL*>'l!l iiu> . cilrf yk i^LJi 

jbuiuL/’iU 4)1111 < 4 jUI JujuOj ^yi\ jkll CuS y* i^yjall ol.y*ll 
£**y j-klll jl c»Ji c>—‘ * * *■ v* 1 ^ y -«j*m ^Lfcl^ll yrfLS jJ* i\ 
yJi I jl£ Ujj^ . (^3j4>l f iI 

<_i! 4 yUI 5jtj->JI <->y y»LJU ^iiOL-Jl ‘ly*Jl cc»J u-'il JUiwI jlf» y ±*i jt j* pjJl lit <!!•! 
dj_*^J| Ci.x’i CniSl oljLSw j^'Sj ) . iljijl 4W^ 3_jf>1 y^ ^J>3-»llj t J&Jji 

. otflj oUlysJtj (? jiU>Jl oy~j ^Jui yi 1 >. i'»' i ..ii 
jj- a_/j^U J 4 jt- o4iL u^pll i«Jl i-ljj yi i^jlllL yjULlii j^ol JbJI aijll yij 
i_ULj I LuujAJI liijIjJJl jtf ^ull Xjj)'S Jill oULi»^l ji IS JiJw ljj»j i ill-Sl JL*j> 

. UllU-'ilj L»lili oLljJIS Jill 

IjyM jLu C*>0 a* l Jill iw/ll JJU ytf jlfcii-’lll ^Osi J! y^ Jjj-OJl QjUJ yi Jjil yl>V 

^ JLkJi ^uiyi yj^ jJl Jl LfJ >->3 cjL^yj Ij^xJi jj ij^S <5^1 5xi AiljJ Ufi }«Sll 

$ 30.000 L*ji3 uiJLSij k ytLAll 1»> y* ^4* 300 jju yle^ ^Jl J| %i J->j 

J»yjJ p!>Ul JUI ^S*j jj_>l^ LL>UI iai <illl Jf 10 4 -iy ^iill li» Ji* ui-**)' uj* ^ £*} • Ji* 

, *L\£ ii-J J^H I dibyl 

iil yjuikli (>j LloJI 4j- jup y Wjiiil ol*yAll u| < ’^U ; )ll ^»Uji j5y X)^ ^ 

0 j-i . o-lj yL-'i 5^1 yyi yi ^>)l oii . ^wi .lul Lf-W < 4 i- JLjjrf 

Ijf-Jj • 3j^Jx>JI J« l^ji 'i y \yJl rJ»- jy iy*-» oUUljl yk ^jll y-UJ ^%L,'5ll oljllls Jlww-I 

kii-Oy 4_u ^y j^Lw t_JL~ilu jjLl»ijlj pyuXy iA; yP jUiU^ll (JjLi ^liii-rl y <liill )ifJ Jy«ll J^Jl jll 

dlijl kpx jUIj k kyjl 0* /!' y*uU! ^1 y-LL jlf(jl Ii* , jjUJ 1 i> SyilWl ytu yi Ji-i J! 4>y 

Jy_ai »JlaJ ijSUI Oi* jlu>l iAjj . rkJl y* y /14 ^1 ky-. ylfi iun) ll^ij »i»j . OvL- ryl <>jii Iy4 

JJiJl jyu, . tylll cUUSjll yk f^l oljk jl> »liji rky jU}U 4>kJl kyJl ^ ^ 

■ 1988 Ji> y OjJa. jU.1 . J-V ji jU»| Jjl JS* 4lj|UI( ji jy» y 

!> 4y>j 






( ^J 1 ^ 1 jiliJI jjiUIl) iJUJI J^iJl 


' J! tf-V; to ys j#aii jto j» >*uSi JI** ^ ^ > jj+ji jljjj ^iyi j, 

fUl >*3* (toil SjUj £*» . 5*1*11 oLIjiU jjil i^u Jljj^ JjVi r lill J {!+, M, y. jbto^fl pb y ^ 

ciiJiJl ukill cvLi ji Lk Jjjill j* o *lk j* toto 1 obiSlill; L^e ^Sl gk* Jt 

gk— jJ# <*jJ k-jk y ikikJI ol^jD ^1> CL> j£ ji «*, Cutill jkUil y gUJI to 

£J • l j^ Jl > ojj 4 gliil Jlk; So t* oUji, ^ to i*tol jUiSl ji 

^ to lj*j ; glill to k^ *Ul Jfi ^IkJ! gllll j* toll ^1 jjjll ^1 ji Jp to 11U* to jti Jj 
Ja-J < jL ,ii: <-Lj> ^.j j_* Lui*,! iJw <**tol jUiSl Jto-b 4*kiJ( jkbll ji giUJ jJtukJi fUiVi ^Ui ji 

. jbUll Jj J Jill 

jLik'i» kjJlxu oL-ljj «lj_>J j_i jl_5 Wtol yjSl ^jiOLib p^Jl Ik ^ uJl J*ii jfij 

kkk. <Jili to totf to ^ i^LoJl jili jIa^jIj to* to 1989 f U j, ^ ^ ..^lu, 
*+*$$ jLJ c _^l gli Jis JjAii itol to UJ*; . JUI ^A-ii J 5*^1*)' ijjkill ijl!ll J] <J>^ I^jUJ 
Ij Jl £^1 <■ toil rulnill oLLjill Ln^i jjji jiJl fU^)’i ^UL ^yu 

l^jjj Ulli (> *Uk £, JaUsJIj JjaSU J ii» Iikl5 i ijlaoJl yui jj 11* j 4i)*ji 

kUJi jk IU to Ji jjkll 3j£Jl to y ^J\ J^j jl5 iUI ji oiyi li* ji toj . lkS> »to< o^jJIj 
«to uli>3 iitol «^Jl j^ } ibUJi jUpJlj ( oLiill) ^xjl J^t_j ijkt/jll j^i ^ J iito JU L^UJl 
• —^L' ja ^* UJlij-sl 'ja*t to Lu3 i LLjji a>J Jl LU^ iw ; 3 a>UI a^jLxJI <l>yi 
iT* ,L * ; ^ , Li*^! 6*i tbj^iJl JJ ^L,i jjk- L. ^ iLiSl JJL ^ ^ jl 

olj 'iM 1 - JLal'ill Lj^j i-iilVI vkyJb iLjjil o^b.^1 JJju ^i Ij . ^1 Ij* Jl, tljj ^*J| 
j«,LcSlj Ajilki oljjJI j# Ito ILj jtijto yJj ^jii oLsto ^ to J*aJi_j NASA Jl* i^lWl j^JI 
_ • ii^ 11 


13-1 j^*Jy Jlii 

j-t 1000 J L»jii JJLJ itox* J* <Jj^ jij^JI JaJI to jk L* 
^LxJb ijl^jJl i>_,jj 40°C toll ijj> o.jj c*;i^ Ijl * 'iij. J>lj JJ ojlj^JI 
■ ( J Jto- 'j*; ) COP ^ J^ ^IpJl toil! ji >j5il V 0°C 


COP j^ - T c = 273 K j T h = 313 K ilUJl gj* ^ i ^TiU'.a jv r. .i 

: 5jlj>Jl j* jjl»^iJl jjlLjJ ( _ y -o»Sl 

313 K 7H 
313 K - 273 K " 

jl to>j W JtoJl J_>j JJ Q h <J;iill 5jlj_»Jl 4 _j 4S to» Jk; toll gj*j 

: jjj * Q h » 1000 J 

IV - - 1000 j 1 <»n T 

ff -a5p-~ ■ 1J0J 
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(lijwLwjJJ jjlill Jjjlijl) jitfi AdlSJI J*jA)I 

J-iA)l jjJ Lw«j 7.8 Ujjj ajJ iiyJl Jl Jiii |ji ji 

OjIjaJ! 4-k.iJI Dl> IxA . Jail—ail JmJ Aj\)Ul ‘L-jill Sj«-U jj . ‘1 1 .ill 
OjIjJkJI jJl> |J Jj jxi JjAj jJI 4-JuuJl aJJI ol xJ dl JJ Afuuil^ l|! . <JUH 

. JWJI jt I aJ sl U fj—J Lflli jjjjj ; Ui 4-3 JjLj COP J 
jJjuJl 

; Jz Ijjli £)l J^iJl 11 a oji j ij tfjl 
i jjljjJl Jj^Jl ( j ) i yj[£ J^x< (_>) i oijjSUl <JL>Jlj a-AJuII aJUII (w) i JjJ*lll (1) Jj. 1 

iijjjJI pLLj tlji J*U» (j) i Jj>JI 5‘l*5 (j) i .ujl <u^ji (-A) 

jj JA^ll a+LuII jaIU "j' IjU £jb\ . IfJUJ c6ji IjJ AdSun j ^1 oJlJJl aJIiSi o**i *^! - 2 

. aJUJ5 

yyy+i' ^ Wxr 1 J ^ - & 

. <i^Jl <*iiJ^J l^jVl Jjj l^jjlfl s-iL>J aj^U ^IjiUj . AjiUl*^^ Ljj J'ill j# aJjUJI £j£ - 4 
S^vaUs (y) i 5jlj*Jl i>jj > oLjOl (I) aJ^ jJtiil J j - 5 

aLJjJ J_ii JJ BjljjJI JyO ( J ) t jSJU*jJI pllsJJI j flWl i*jJ (_») t J;ljJl Cfljrtl 

. JjlJ>jl wj_y>jl 

. 4j Jjl l_jL_uU ALbyi <Tjjj Jj Jl Jj/- 1 - 6 

. *bSll JaIajj D»liSiJl j4^fu fljiOwlj aJw-JI oLLaJI »JJ- 7 
a^jIjaJI oUJdlj ‘l^fJI JJ ojf>lj oljJI jj Jjjil Ijy oliuki j*> jjill . Jjjll ojjj oJj* Jt> j/lll - 8 

_ « _ 

: <LwLI jjUsj oUj^u 

<Ljlj>JI LLwljyjJJ Ji Ll)l j^lill 
, A j ui>jil OjIjaJI il>jj J[ aJLaJI ij^Jl a^jJ (>• LiJIj 3jlj>ll JiUi - 1 
, aJI* 1»I ^ki olj aJUI ji Laji . ( J>uJI) ^ILuill j* *j?jj Jt-\ olj aIUJI Jj ^ItuJl Jo*j- 2 
juJI jl i> j jJJl (jjSy ^LL aJ1> j»ku LaIp . 3 

. 100% Ujji ivlii J*i Jl ajjI^I oUJI J iyJ JjaJJ J**i-ll >- 4. 

(5) Lujjjj^ 

■ aJum aJL> vi/jj> 0 aJUi>) ii’lfjw k *ij^>*J* ajLuLjJ! aJI>JJ aJIj 

S = AlnO 

: ttiWl oJmJI j 1*^1 je« . 1+J jJo JiJ) plfiuJI JJ jJa Ljj'il jI iy 

oLUIJ) AS = ^ 
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. JIK j Jjjiu SI oL>yi 







(jjiliJI) jis dJlUl JaaII 


bili5Jl 


_^£!_, jv. 

Vj*J' J>-> Qh 


Jj>JI otlii 


: j* T* 1 T c ji >jj J*« jjlj> J^aJ $»li£ll 

T 

s$y*l\ 3»li£JI ■ l--£- 
T h 

j>J' 4xollj JjjJl frbi J*Lm 

<<*“> cop -^- 

COP- 

"in 

: ^ ‘ ^t ty-H 1 j*J j oH o^i tyj* Jj#l j-aftl fc b^l JjIu 

(^,>11 cop » Y~zf 


<^ij»ijj)jj'ii cop--^- 


oUua- i jj 4 JjJ 


S* u' W > U }U Jt Jm» ois^ uii ^k lju> lijjii Uj^ lijjju, 4jJ J ^1.1 
f^^Jl O 4 wU^ll Ik jjjlJl d&* JbS jjjLJI jLu 0>i j) Loijl oLyj*JI (It 

Vi . <Jk IjJ jx» ^yill j LfJjjj <1L lulL LfiL j^j jiiiVL ji • a a., . 2 

? jiljJl jyiliJl £* Ik 

’* ^ ■ j^lkJI J-4“H ) yiiVll Jj*« Ja~>yii . Jljjlj La k£-i1j LjLc j*jj Jjlaj jJJ _ 3 

. 100 W Jlj» »jjt &>j jjiU ( L^ii! ULLJI 
J-'L-Jl xjs- . 13-1 ^ J£i)L juil jij—Jl jjt^xll d^_>JI jjjil. 4 
jjl^JI JJLJI * AiittS JJlJj jjIL <Jli yJl»Jl j^>^]l 

J jj Jit—il iM M*S) , >i J! jjfl uul^Jl y JjAjll 

Lj aVIaJI olj lUaJl jljjJ JJ |jj»* k IcUl yjlfc jljjj jL>JI j£t 
Sjjyi JjIyJl jA L rji>\ , jlf^V U^+ey ka J*-)l Jk IfiSLj 
13 1^ Jiw v — jki JJ itLill »jLj 1 JjxJI Ik »tli^ ^k 

•4—di ^ Li i 3j-kli jk ijl I > jiJi li|. 6 JJ 1 (> UjAf iLu J*>J *>ji Hiw ( iljUsJi j*j ) jjL J5J _ 15 

Lkfi y LfCj*** jjSLj ji JUi>lj « j*f>-j]l O' w!l»i>l jw 

• x = 2j y = 4(y) t x = 2 j y = 3 ( i) 

Jl^-Jl I1 a j_f y>i ? jjSiJI )k y>vL‘ Ja . i^il;_^fSJl Oj-MjJI yL ^jii djl* ^ ^ jlJ . 6 

( £^l ) ^-ek)l ^Jl j_* i>^U cuko-l IjJ Jiyi JJLiu Ja . xuJi jjJlj y^iJl jdl ^ 

(t <uL^£JI ^ Vjo 















( LjlyJI liuliul) ^Jltt tyilill) >1* Ad&JI >i)l 

J5L» L»j±o4 L-uJJi iiUJl oia ^uj. ji/ll yill olU) ^-yiyi C^l J| l*- 7 

jj .iiXX ^1 p^kjull <Jav o*»L> fA* 1 • jlLJl £* 4$' J j*j °^!j Libbxi-I 

• j 1 ^ 1 Ji^ 1 

jiLrf 

13-1 fdtfl 

qU^i ;,+£! UJixll jjJxli jjLt L (i). 3—jilj-lc UjjL iiJix iljllf <jy< ^am iU ^ ^ -1 

jj> Lj (_>) f OjLJl <^jSl ^ 5j>-sJl j>+-t <*IUi>l Li (lj) ? SijWI o-jSl olsfllj 

? l^WI 4>jHl jL SA>lj LLSj j&jy* jyk ^Li>) 

Hi iJLi>i Lj ? 5 j^yaJI 6rt>yi £yx« JLr^ jo» pS (I) . »A-#ill J* A/* 1 i> £jj yll - ^ 
y* U (-»•) ? 11 b£i Ht <JLl>l j» • 11 ^* 11 b£i oi j^ ^ (V) • 5 

V LJLi>Hl »i» Li Lj i ? <^Jl*l»-l j*$Hl fy»Jl 

J_*x Lilli C*jl £fjl o'j oLai LuA ^ » by » <j jylul^ A^Ui J* ■»/)' J» ®lj4* J! * 3 1 
Lii ■» o.jSl fryx. v -m jij ; Jyjl Ilk JL*U J* iljljil »j* jy^ j*k) . 4 J[ 1 <> LBy 

v LiUI iilixil oluiyJl Jitf Li , aIsaJI oifJ i&ll Jjilyll J£ L'LIaH HjA* ofi ( * ) • <*»j JS a*j 

Lui L. V11 ojji ^tAi oifid jjUi ja* Lj ? 5 LIUI o^l *j*x Wi ofii 0* i£** JJP 14 (V) 

? Iaj» <JLl>l <*,*J Lj 4 HLs*l ^ytJI f» L (_*) If 0,0)1x11 o*iL o* ji iJL^-'lII 
J^Uu j-iyi jy> J) J-L ^i J-S L*)Ll>l 4 j 3 Jjjjl JLm j ^Lj>^l pjyi l^U U-j f-jl- 4 

• jH 1 > ^ Jl 

L , 2- v oLSJlj tjy^i I ja fcSLII Jrfj'yJl u/i ^L^jy :>II ^mII iUJl & N tj& *liJJ ^ . 5 ■ 
LLi 60 (-*) 4 gi 5 (y) 4 gU 3 (!) JUi-l oi# iiSLII jgiljSlI ^ y 
5 <jLib jWl yil! (i) L5)j^* <£j> L» Jj*S3 ji Hi lf*Li ax jjji-s J o^Li ^-3 c»»jj- 6 
^ ^j%uj ^LJ jj^-j l*ILl>l yL(u), jjAi-U j-iHl J^iil y ^Jll o^LDl JS' A>jl ji <JLi>l j^aiJ 

y Oi^*il (JuaJI jj >A>ljj j-uHl ij. n iil 

13-2 yiiUl 

♦ -39°C Ljij »J+m\ il*> jIa wUl jjUi J| JiLJI jjkli o* 6* 315 g ^ j 1 -^ L - 7 

? 0"C cj-jj aIa Ljax jii 2.3 g lyiLS ‘Ul o* L<jyi J jIjL L _ 8 
|jj> Ljjjyi yu Jj*i L . Lijii 105W jjLy ILjL SyiJ lISL o** 1 ^; 1*->L ^L Ch ' i ^ il Jam-9 

»XM Uj>l j-i yLU 4^1 *mUI j* L . 37°C J! 27°C l>y Cm ‘HI 6* jLS i-4- - 10 

? *ai cn viJi 

yi Sj-u 3.75 jjLy Jj -90°C Ly Sjly <*jJ otf U^i 9 g ^ i> ^ - 11 1 
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( >>3' jilifl (ijilill) ji* cJlill J*i)l 

• Wjyi J <*i» L» ■ 

j-» ^-* 6.5 j-Lc Ufl» JS 290 K y'Sl Sjly 350 K L+Jji jjly. o-jj ^lij & ^ -12 ■ 

£■* L**A>i Lfj£J; > L- i *«H k-jll yt l!u» l^ly HJp j’ijj** jUU'jll jli». H a j^jufJl jU 

jl ■»*# 6* J£ j*X (i). Jj 4JI Jj y>Ul *lfill <> iyj ijlyJl oLU yl yl* iiy>y 

. ijlj-*- Lkjj jli- )La) jj j!*Ll^l <;»-l Lie (i) *j_»Jl . 340 K Jj y>UI ijl j> c^j 

• (V) J (I) J kl ^ 1 J J® >Bll (-») 
c>jV! j-U ;f-L Luc LjjjSi'il pi jk L# . Suw* ^ ojUl p jjul y;S y Low iLe JJ y^L. o*, . 13 ■ 
;>*> 5 {_*) . Lltf 2 . ijfo 3 (y) i obtf 4 4 tjf* 1(1) ^yWI 

13-3 ^Jdl 

L*y *iyj iii-Ul a— ejljj-Jl oiy jlLS 850°C Cj\j> i>jj j>L yJO ^li-ljJI »j*JI jjly dy, ^Lu_ 14 
V Jj^lall «i* o>j dj*dJ yLJl o*U£JI jM L . jjL yl^ii 65*0 Ojly 
. 600 c C Jly* i>y jl>y ^ J* SjIyJI J>j o^S! i"-^ 1 OjtiyJl iLjyJl olSyJl y. 15 
* li;^ 1 lj* Jil LLu l*J U . 70°C Jly 4Jjlj> Cf-jJ Jtiil Jj Jjlyjl ^JLnJI 
otSyJI cj_* i>i oyi ^Li IjJ. Ciju Ulil y 46 bji WJS, <JLmLM ^liJI L^ill otf ,*Jl >w . 16 
v 1 24 h JX> Liiilll SjIyJl jj ^jWI k,yi Jj dyJI ^ ijlyjl ijrf y L <•!) i 500 MW 
Y SjtfJI y-il tbb- UUJI SjIyJI i>jj jj y^iJl ^ J^>JI Uj^ jlJl oUall jk L (y) 
oljJ^ 4^ilS Ijli . (lljj 30 ) !>Ul^ l^-i iLa; iLa* 100 W Ojji LiLj$£ l>Lu >z&ji ‘jj Jli yj^ai. 17 
iiJl Jj li^-aill <jjlj>Jl iilWi jlai* Uj i <1111 j 30 U ; jj J*«: UlUL J>La« 

Y j|[ ■'* lyj Oul) 

HJ • ( jJjjW 1 ^3 <u*£Ji ilk ) 50,000 J/f? ojj » Jjj \*j jJjjUJl jljl>l ole ijl^l jJ^y. 18 ■ 

<* 50 hp J^jJl ijj» yl ilk UUl J oJjQUJI i-S jk Ui . Kill J 25 3jL- WiS oJl5 
. IcUl j oliyuil; kLJl ^ oUly>^SJl^ O^k Cfk jfk 
jjl ow_>^I 34li£Jl J-iu Uy 4 Hill ^3 30 Jl^> iS^j4>JI ^jyJI ojjill xjc olx>y ><U5Jl. 19 ■ 
iLyl Jxjm yjli ^UujuJl »j\if ^jSol« 1I jl>yJI ijly> l>jj fliij'i l^ti UUI 40 Jj jj^LkSl jyyL J*aJ 
, 1000 MW Lkfu J5 Ojjj q> ylf Ijj Jjy>^l jy^L J»*3 0O>; y« LfJlyl Jaw; 4^y :i>j Jj jjlyjl 

OLsSl -UL>JI jj jli yj la*i jli Jjlj> JjiAJ . 20 ■ 
US r>i J^Jl jli UL> Ojjuu . P = 1 atm > V= 0.100 m :i ; T = 300 K 
(l) . 13 -2 ^ J- S - tJ I ABCDA 5j)jJLj yy» 

y-*>l (y) , Ul> Ji ji Q SjLij Ja*'!! . IwjSll SjjjJl »lyi jj ijlyjl 

. <11* J5 y W tXi'j 4juJI . iyj'il SjjjJl ‘Ij^l y JAJJI ry>j J>3 
w uul /Q iu JyJl lift 3»IU y-»l (->) 



A D 


0.100 0.200 
(m 1 ) 


13-2 ^ Jli 
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( LJJ >Jl liuM ^ilUl c^lili) p M pi)\ 

j Jll* jU o* 2 mol jit jjl^ >w - 21 ■■ 
i_iWl jj i-ijUlj 13-3 ^ Ji-Jlj 1 >-b^1i ijjljjJI <jiuUijJl 
, CA OjL^-u^l <il»»li> BC yLJIj AD 
SlU5 , i „|>I (y) . oL^ImII *i-* y4 JfJ W j Q y_i»l ( ! ) 

0^ dj_** jS **U£ll > i..i > l (y) . dj**ll lj* 

. ijjJl oi* ij\j* ji>jJ 

13-3 r Jtt 

13-4 fJJI 

Ji-y Usij ch ijlpJI Jii Jjfll li* X&j i 0.90 kW jjLs fit* Jjrtejl Sjjill. 22 ■ 
? Jj# ll li* l+i jyrjll i^xll Jj jlkjJ Jj*. rfl* ? j>JI M COP i*J L 560 cal/s jjji 
«jjJ Jjjw jlUl .IjfJl Jl ^ jUI juaitj 4 0.90 kW jjLj «lj» Ju£j jSJ VjUall ty*!' - 23 ■ 

#L» ^_c f »o>iyi <4iUII J) Uj^y ySyfi j3)l iijill o* Jaill li* <iii*!_/-/ fS . i^Ull j> 560 caloric 
! *I*JI JS1 COP <*i U . feUl ji 4*11^1 wil 

oi U (y) ? d»b ch 1850 cal Ufi ttlflJI oW jIA l* (i). 5.5 jjL* o*« COP J jijiil - 24 ■ 
V UJj J$ il>lj (> 1850cal Ulj! ^l u y l}| J^ll *;till SjJiJI 
op . 40°C Ujjj i ; y l»jJ ilt JjVil JUi J| BjIjjJI Jii* C\ J>y ^ - 25 

4 ( J;Ul yljSJl ttjlj-> O-jJ ls! ) HyjUJ' ^ lj| Cjl^l 4*-»H oifj P COP y£\ 

, -30°C (y) 4 0°c ( i ) 

iuU JjL* 

ji yy* jJI SjljjJI LuS olli lili . 5°c lili-Ul Ojlj> C»-jJ ( ) Jjf* j |>>1- fW» J4> £0)- 26 ■ 

Ijj ktLJJl Jjiiil LipUl LuL^£]l ollaJI <&tS j> U (I) i 220,000 J ;5)l-u 5 C JJ j^Jail li* 

^jjUl JjjfJ J ls» [S (y) . <J Jjtull j-aiSl COP Juy J*« J^l (^1 o*£ • 23“C ii/)l »jl^> i>jj 

f $0.075/kWh lAipil iilLJl JJli oilS Ijj 

j-ail ijy j-Lii ^ m-jjJ j-ljlu ^ v Ifijlf j* jjSfll ^ J* cAw jyi, 27 ■ 

4 Lyi ^ p&\ la* J fU yijSl yl5- IS-M jMI ^ J! ^j 1 ^ 1 J '-)* 

j^Ji jitii on j>l< 0^ O' fW j Allj Jfi ijib . 1\ IT C -QhlQ c jUill oyiiil yfi v u * > 

liyj Jy>jl luLoJl JUP »lil ayjj pi jlfcii jit jijlS jb oLlJ ,>j o-jJ 100 ^l^ill li* jit »0l oy-j 

? SjljjJl L>jJ Iju* jb *UU O*^ 1 j ^ 0 * b • Qa /Q c = 6*^32 o' 'r 1 ^ 1 
V OJjSl jit Jydl lu^alL Upi yS^SJl li» jj J)>JI O 6 ^ »i' fA" -3 0^ diS^ J* 
Udw ol 4 -cm Sjj5 J5i ^ L* (!) . 6.6s J^> 6.3 ra/s UjjJ «y Jl 0^-J' b* »jW fj 1 -"- 28 • 
4 urn jj 22 UjjJ h\& Iwjij dlyu-j 3jl*J! O' u*j* (y) ? p** ^ u ! 

^ ^ jlJL>! o-t MwliJI ijlj»Jl o'b ^ 4 6.6 h bjj jjii J^> U4 mII O^jjM ^ 0 ^ 

50,000 JOdlj; 1 ^ 1 



-495 







_ ( M* J J>a\ ty}|i») > dJUJI j*UI 

1 40rC ^ (T - } r jU( 8 jb> *'j 24 »0“C lijLu ( 7 \) jjU 6 #jy ^ jl^l i>jj *1^.29. 
^ s u ! y ^ ^ r jU " iA • wtf i ^ >, ^i oi j^ij 

^ OUl J-* 70 U J J iiU ^ J-“* h l j* i>jJ tfi i$>- 0"jy J*LUJ 400°C Ojl^ i> ;J 
V- J5 i*Ltf L (i), oj->yi SjjJI ^ U J1L lii. 70°C & f M i&ii ^i 

LJ . Jll, Jpw feffjiJl > JS olS lj] (-*) ? tajil SjjjJl yai i»U5J| y l» p ii» ^Ifi 

? oiuu S»li£ ^«sii 

Ti J to >-»w>i J-* * Jljdl jU 6 jL*)» lwlli* id>* oljlf^L 29 Util ^. 30 ■ 

oil w* *1 c^!.(r 1 >r 2 >r 3 o<^ J 3ji). r 3 j r, ^ ^ 

. l-(TJT x ) 

*ilji>l jk ^Iwu Jj^Jl J^yi jlj t $1.25 /gal J 3 yj}\ jyyi ^ $0,075 /kWh ^ d ! ^l. 31 9 
jjL> (i) : JljLo LiioJ i^l olj^l 4J ■ tyll* J5J i J l J *ll > 36,000 kcal Uji 2*5 
uyi (>♦ *^Ul 100 Jj-jO 1*1*5 oUliw (o) I cJUl ^ 75 Li ; jS itl& *j|^J| ^ j Jj3f 
Jw«JI J*ll£ ^ . 4 jjL* l*_J COP \jJj> '*±j» *1*5)1 ( _>) 10jl^> jj LiU^Ji 

. jjWi oil ,> J5 ^LkiX Jjjli iijjil BjljjJI 100.000 kcal 
> oj5« UjLkl, iJ^ 2> ;J jj iljj^Jl Ji-IJI jl^l olS^J ^jl^Jl id^LkjJl ojjJI yyjL- ^.32 •■ 

. oMfWVl Li erf ; ab «i*> , 13-4 f JSdJl* ^ ^ US ^ ^LU &U 

J >L- ^ V ^ j' v,/V, LuJi 

5jJ( oil JjUj ^ W out /^{ n 4 j-u1I 1*jL oiliil! ^±xL/l , y = 1,4 y^P^jJI aJjI^ 2 , i-. , .j l ^ 

Oj^JI ^ic ^ ,ii 

. V 2 = 20 V, Lijic* V 2 = 6 V, lijk iJ^aJl 5tU^ y^>l (y) 


13-4 f jJLi 


J_L. 

Vj Vi 

1*^1 



kU£H» 1- 
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<. cjUI ja\y>j 1 liilU <i^Ul Jj-aill j) UjllJ 

^jiUll ji* j« jjlSJl 3«ku jjJUIl jiLoill ji fjii Oj-fj 

J—U JfOw rlbuAj <4>jil jljlftlH C*>ljjJ 

5. 6j» jj ijijJi |>!....> S'I j_c ojUIi yljlsJl v-ij j±» 

. o^JI ol>jj J y JIjl>S| jl jbjLS , <ijjJ 

fljljll j4^. ^JljA J_U Cy'i^5Jl pll x All ji US 

4SLHJI ol*jll Jy 

jj uiL*jll July jjJl ijjjjJl olSj*JJ t k utJl till 111 jiuLt ‘tkej u l*j*£ 4u>jil iSjjJl i_iu»v J-flill Ijjt Jdjjy 
o!_4j* u» 4_ij ia_uj)l jfit yJI 43 ^aII ol>y< yu- J-aiJl ^ ^yi-j • ■>«■*-* j>) J 1 <il^3 

oi>yi ji jujiyi oL»yS i ^ [ w jjfSai oi»j*D <jl; jjuj ^^xii jwi ii*. is^ jt iyj *ij4-ii 
. UjU> y 4**^ pikp oUjll ^-ij* jli jiio H USj , ijilj^ll 


14-1 

JiiJU ^jll JjiuJIi l ol^lj 0^1 <Sj>J* j-JU Ojifll C*tuSl £U> Jvfcxl 
jj Jlijj . 5^* i»j iy mj Ij* UUjj Ll»j ( kui/jjj jl ) y+i i yit : 14-1 
lijjjJI jjjJl ji ) i5j>J< CjjJ Jyu Jj-j ‘ <Jj )J iS^jJl jj uiijll li» Jii 

: Jlsltf ( Xj>& 

iuis 53132*1 JmI r 3 ^ui (>311 (jU yUjji jyJi) t 3132*111 Djjj 











(altjllj JJJI 



:14-1 Jii 

{-*"»< • <-4>> JM 

l—« j* m*j Jl >*' Jjjj i-Laj Jjiifi 


ii ji < jlll 4 jjjj 
yj*]l 

• &4> v4# 


j-i Jj-ijJl *ijiL_u jjjl ji^JI ^ 14-1 J£J^ £Ajll JjjuuJI <JL> ^ ijJlj 
0 «Lj Jill jJSJI jijJl y ijjJI ji Ji>')l , A JJ Ciyt } C JJ A ji *A>jb 
p-w- x ll If-».>i v ^Jl jj-uj . ilttf ijljiil *L*5l A jt <JH> JjjJI 

, *jjJj »i»lj ijjj Jli- 

. juJIS uijAd Jp6j l Jjjj j£ liiixli U l^jls 

. jljll DJ>j y 3 I 4 II flO LtfJiL ^1 jl^Hl CiljjJ JJ£ jA fjljU'il JJji 

330 jLl^JI jij J . )UiJ (h *) JS3 oljjjJU ijlc oljjjill jt 
j-» SI fUsuJI jJ jjjJll dj>^ . 330 s 1 ojjjj JilLj t 1«ji jjjj 
ji . 1 Hz = 1 s' 1 : i^JUJl y oijjjl) j>T j^>m 1 (Hz) y^JI 
J*i Jii Jt£ Hz sa>yi ji j£jj j£)j l LiLjj jLwl <1 ^LLai « ol^jJl » 

. JSJ olj Ji 

O’.l^i-l'S'l JJ-C v-» JJjiJl ji ~L t- } j ± ) , T ijjjJlj f JJjill jn ol* o5U Jill 

jjj . T jjji Lij Jyu_u ILlSJl ijljXi'll ji blu>j , ji Jl »j>y 

jjf 1 

^i*j r jsii>jii — 


: y> Ua IiIaJi liSUJ! jli ■ukj 

f-\ (w-i) 


yj> cJoai LSj> ojjj ouLS I jli . -bjjjJI oISjjkJI *ji> j*Lu iftldl oil 
. 50 Hz jjiu. Ujj ji jli * 5U« i 0.020 s 

. <5jJkJI U- y> oi»j . IjjjJI d\*U jj>i L_ol> Lui JLaj 

. Iji^i j£j 'll Uj if p~i>Jl jljjl jc i>lj| jA 4 jlJI 

ji ixj>>'il . DC j AB oLJI j-» 14-1 JSuJL rwiUi JjjJJI <Jl> y U_Jli 
, irti IfJ^U ^Uull r*j L, ^jjt M 4iUl JwJ jA lull 

lij->l LiU A_i_i jlf-ll jtUaiJI £-t)M IS_*> jojlkJ Jjlijil J^>Jl lijjJa jxuu 
ji A <JmuIi J| 14 1 JSuilb jJ 1 JjjJI J-xi UjJp 1 <SyJJ 

i+-> ULt LfJ jjSLu. i iSj> lilt Ij jjSU j) J)jjj * Ux*J jSJi Lfijj C 

Lpli fl <Lull jL>J ijSUl r>jLH UjIaI t JJj ,mj . ji lL i ’J l jJU oic U Lij 
J_ti ijSill ISIL jli Jfj. Xj>l\ lilL ji lUjLu cu£ ■ ■ 1 ^yi <ilL jjjj 

. ollp JJ JSj> oil? j« LflSJj 1 Ul^jj UL»j lfx>jb ‘lilt *i(\j 

. ^>jii)l iiui ^^SjJUj 

dull JoS ji ^Uull IjA jjSuuj . j>I Lt>jj*j \JLfj lillsu 14-2 Jilll Jjujj 







:14-2 Jbi 

■ 0 ( l) 

. .1 h‘,n ii, Jj ilali jijii 
'll fill it yi iHSli iic j 

• i»y j4 ^ >jj 
^—4 iiUi L^lJuJi 4 >i.jU (v) 
•jV /.'« J4* 1 L* 

. LflnJ iliSLil iiiSJl Jc iiaUlfl 

u j_iu <41 <! jiuii j jS (_>) 

L_»i LjiiJl JfxJl iiUi jt jjUl 

0^-*^ SH Jp ■ (*)j 
Lsuj c_M ji. ijus^yi iy 
. iJhJ 


(jljlrfl) ji* J^iJI 


LUj j-ii'ii ^LJi jlf jljio ji 1 ^'iSi i <UJi ji jejLi 'jy-j • JjJj 'jj 6 ^ 

i jljj'ii SJI> U&Ji fU>3 (i) , Jlii>i 44b 

Jui JjL*x« ) , £_*i)ll li» (jj J*j l/«0 <4ill jU If'y il •UAtSll iuJl jj£ kitt> 
j-j^II ixJjJl jjJUi ^iL> <j£t 1 J! 3jJtH ^ £* JL»i J! i&iM 
. (Liib \jL, tt&ll Je 



L-uaj 5jJj UiSJI ^ jjji <Jy» JjfJjll jjd d)il , JLpJl lilt j* iiuu 

*1l j“ill UiSJl OjtUl Ijlj . X = 0 £-B)il JI •/ J^SJI £>■> J! J*" 

JjjujJl jl* > JjtjJl Jol^ <ill..ill 3yJI jjib o*0 4j>v lfj&»i 
JJ »j£JI J^O ji li j£Jj . x * 0 J| J*xi Ji> J! 5j5Jl ^LO .-u-j 

Lilt JJ j-Zj jj jjSLy i LIU o*-0$l jH bfi !+<}* 1 = ® 
jJ Lljlkll i<_*Jl Lilt ji jij j-iiyi j-1 . diLiJOl *UJl 4_y Ojixll JLfJfJI 
. tf*Jll <U1I iSj> iilt a* Jt ji\ jfr J^jll 
Hjl Uuu3 ji ujm L5j> iilt IfJ j*i x = 0 iifi JUyu jli JJ j 
j_* j-^^l ojLfJl jk j ju-u LjJli liift* Jbip ji Jy JaJI Jif< 
JI d&\ vj . iilkll 'JjJjll jlji*l 'iDii i X = 0 
ot J-LSJl JLu l*-iSj> Ult JJ ojJj JJ jy£j -> 14-2 Jiilt j#H +*« 
jJull J^Jjll jj lf> iilfc J] <liill i£j> iilt JjjOO JiJI li^j i 'JjfJj'J 
. x - X 0 ait LL>J I jL> ZUJI l »^ *+*> JJ j jl (■ ‘It) 













;>0 



A*, *» 

UlLauiVl jljLw 


(u) 

:14—3 JU; 

¥HH <>* 4#*J* ^ 

<jjl—i»* <_aja»j_i <j!c LLl jl 
*>>Jl iJUiuVl *ji) * jUa.j 
*jJ jV i'j—Lj . 4ijtyi 

jl_i i ;t' jUlTi I.yi jljLt Ka y>i»i 

i#>—F, pp JjVJ> <K*j 

t m y-M* lilljSl ULoll 


Jitj . jLJI Jl Ji*JU iiu ojj Ijou rJwi J j JjjjJl jS' IjljJj 

;*i-ai t iS'^ oik JJ l|JS yiljJi Jyos x = 0 iLDi JJ iloili J^j 
jjj • X B -*5 J ijj-ki ij$ ijfill J-ai ji» jl JJ IjLu 

. JjjjjJl J Cjiiu o+> Silk JJ cJpO ji <SJ»JI oik jj£ Ij* 
x ~ +x o i* p JJ Ifjj jj£j Jj- jli I l&j 

3_^_SJI wj_>jiu L>ile <tJl Jo>'il. lilUJ LiLii>i jiy i>yi ^ Ulk x = j 
LjlJjj L5 jaJI oUj j# l^b VUj UJ Ljjjjij oLLII jli I+Lb) jjUl Ui^UU 

. tty** isiuii» <n\i jjb \#i\ oiui < 41 , i 

OjJj {yA j_U* j-lj lil^juj Jjl» -dli jjai ole JJjJ 4 jL1i uiy —ilaoj 
J-*»ij til*!! cUSll jj _jjJU o>i J^jJl Jj- illaJ* si* ji . j>^|l 
JJ jjj-H £-• y-lf* JJ 'jJI ji ei'uil Ojill JjUH Lile jljj*!ll Dl* Jj ^UaJl 
J*-- LfJli iy> o5j>j fj Ji-ii JJ ijjM <iLi iiiSJl oayji lj[j . JL»i 
»i> ji ^jJLj ^ju»JI j«j . <i».ij <#Vjj *Sj> j jljj^l kLjj LUj 

^(_J| ^ij^l LiL»j HjIm JjiJjJ! ^ aJiSlU ii-iljJl O^jull iSj^II 
liA Jj oLuli jl ' - j ~ *»!■■ 
3j-*) i ijlfil •Jkj'iI 4-11*1 j—• iil j'lll* UlSJl jilkij JjjjJl Jl*j 
Ultj oil? j^j jif-ll ^LbuJI otkl Jjlill jjjJu l^i«> -uLi^l 

i jf ep ji Cilijiij ji-aii iil^Jl iijl^ll <uliiSl j* \juS jl >lu>j , 

. llyjjj jJ *j jlxil OllaJI oiyi joju j^ll jAi'lil 

jjil JkpJI iilJbj JjA j^il^ 14-2 

jyli ^*2! ( CilSjjjjJL 4fJiJl ) ii^ll ulaiS'l ji \jjjS jl £*UJl J-aiJl yj ll^lj 
4-ll> j-i_} . 4u—j jjjl Jj-ii)l ^_i Wlrflili Ujtfil 3_)*|I ji ^ jAkl jjjl 
jlll x i>lj^ll jli i 14- <3 J5 mJI^ US /* app <LLu o J jilU ni JiUl.«* 

: USUil Uli Fk V f iyJU iui y Jyiijll Ljj Jikw 

V m *kx (14-2) 

J-S) jJjiiJI j-J» SI plillll jj 4ill>jj i LJ^jjjJl CulLi >iull jlji* k vlw> 

; J^jJl Cull CiiJ Ojlj Ul5i i JjfijJl « OjljSJ » y<Ui* CyUj . jli 
. Jix* jlliw J^ljil illL^I l*j)Ul 3*i)l ojlj UlS 
. I 14-J JSill< iyo sjiJl jyjj >>j^S o 14—3 JSJI r^yj 

. ( Jji jyli ) (14-2) ZJjliuU y, k JjLj ilii ^jijLii i> ji SjUi ji>*ll li* 
Jy» jjili £juy kl i ui ji llu Jjjuj J) Ojixll OlLJI ujL> jSl JjL>J 
l»Lll jjLu x = r 0 JJ x = 0 j« 4lj*j})l iJlb^l JjjjJl JAJJi jl oU3J UiSUj 
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() jAi ^IjJI J-ill 

<>Li 4 jl *J*>}1* LiiSLw JJj . <-i 14—3 j**ll ^ .1 1 J*>JI c»ji 

SjLjll ttiH <Uil 3ji j> F, d*> i F l Ax, jjU Jiilb JJfcii J-ti-li 
Jjj_jJI JiLtJI La^i Jjbw i>Lll si* ji] i W = F, As ji tiu>j . Aij o»Jj! 
Ukill ji Ljbio Ijlj , jj wL})l siu> ‘bii SJJill »y <kJj> 
ii» Jil lo> yS J Jaj Sifi X ajt 0 JJ X = 0 |> ^u-ll JsiiJl vii*j 
UlbJ ‘L«i JjjhJI jAiJI UJmj o^UxuJl »i* oL>Lu *m^N j[* ■ Ci^l u .1,11 
: jil . x*x 0 Jx = 0 (> 

kxJl cuaj SjjjbxJI b>Lil (ijL* aj* yA>* lxi»» jl <JU>! ^ Jjijll J-iiJl 


i Jj^-3«AiSLJl JLAJl # ^ Jljlj 
, ji JjL u yJtw 

jjull 

■ JdjW ^ 



jA_uuJ PV jil—Jl )UJ^( ^LauJ jj* ( 12-3 ^-iJl ) ttA-Jl Lull**; li»j 

j liyl dJj jl olfJ] i <**> yi±t boii jl* UiJp JjiJU Jiill 

. J»UJui Dl> 


i 4_cto,l jj JjJ» s-iyA J«>1> Jl-sb JjLu ^JUl i>Lu jl dlp-j 
JjL-j ^LuJl-LiJI «ii_>0 iajljll i>Lll ji 14-3 JUI jJ <£y J lu i»i ji| 
jfj jjjj * d^jji yu»j j JjV 1 J ^ 1 ’■* l^j • (JvS 1 

oil) ji gttL*> JLIi jk *Lb . JjjJjJI j-3 iijixl! j^aJl iiib jjL: 

; JjLj X iiLj <d>Uuwl jl tillkU Jutf k iuli dj*jj ji 
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(olfrjllj jlji^VI) ji* iyi J-suUI 

0^1 JL+jfJl olfc - EPE = ijkx 2 (14-3) 

Oyti £xo ^ J jl) d>j j SijiiJl HJA ttUl jby| j. L& ij jfy 
^^11 ^LkJf jljLkl ifj, J.s&j! ^ Ji UlUl »li jjjli pbxiJ i ( 

^ J*i 'j»j • <W* dt£*‘!ll J>ly ji iJUJl dt Li> Ji). 14-2 J£yi# 
cL£Jl iJltj JjfJjJI jj ojiiil j^_»JI iilt ji oUJl ^IL jjiliJ 
Jj_>i !j_« 4 u) l^Lj 4 JjU* 5 j y> j ^mII !jj» iff . tSfU Ji* ji 
> jfy . X *Xq jj *Ji£)l jli*] *k>J 14-2 JidL jjull ^Uajjl JI 
ijKJi *i*tt j]i k jkxj j s U ikiJl db J f UW) i_»jijjoVI 4*131 olJJl ji 
: LJ13 i^j <k>J jl 

EPE + KE=ijbJ 

. jl JL>0 



djjJjJl A_tS jl jiyL L; 5 ! , iij dj#lj)l J edit <d£JI Jf jyi v j m &d> 
■ ISjaJi 4j— Ll* Jl*; x q jl J*^' <-jj 
jd^j 4 ijjljlA'il a^I LiiLi* j I 'is? <Jl*j SlJ . l^liLu i 14 4 ibUlIj 

: jL* jx itul jl oip <li£Jl jL*^f l^loiO-i 

v ’ t l¥^ F} 

ji iL**!! , SjLc] oaj 14-4 iljUll jJu ^ lfj*j <Jjb*II si»^bj V 

Jj J_ai ie^Jl ji^ k 5jljiA*il <*lfj dlill j^i: liJuii ji i x = A' 0 }j* v = 0 

LiliiU* jj j5LL>JI ii» ^1*1 Uji ^ , * = 0 jjp . x Q ylklm » l+J luJ _ySi 
jL **! o’Si luii i ^yij tf^Ji jilt j* oy JjLiIi J^dJ ll^ji 
■ x £"“J* Jl d£ Sjifll idSJI ip^ 

j^ l^_> Ijljtol r UU)l jS^ UjJx . Sjifll 4bSII ^xc Jl^fl j^l Luli ^ 
ijj^l ^ S.u>yi ijili jjj JUI jj tfy USj . 14-4 J5uJJl^ jji^u Id Ji^ll 
Lf-i 1 ! ijl*i—Vl 5y SyJl oi»j t F LfJ d^jjl xi y iMIl SjJjll 

F jIjL ji ^ , *iljil £iy J] r iyi jl v l>. Jf, Ja^j »U;| Lib 


11-1 JL1 

y-» ila»yk4jf:j» If 

. F - kx Jib iJUul ijl 

% <1 * 
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( jljibVl) ji* y\J\ J*i)l 

jLm LfJbbkjl jl *i'l » X jljuU/ illt'.l OpOl 3ytfl tr^ tS' ‘ “ 

jl JJ UUl 3,L_i'y jilu /ii> i F “ kx. jjSj dil/j . ■UUbju*')l sl>j"ll 

ojJU' jjt F yi . x L>lj}U jI-m »l*Ji j yy fy* Ji ‘ 3 jU*J >y »j> 

iJiSJi LUx jl. F = ma iiM*ll p x>J $! Lk^L, t ilj&ll Js »/)ll /* 

: iJjUlU JIsju 

a = - —x (14-5) 

m 

U j£\ j^Si SjUi-nfl ly tfi x=+xo juc CjJ J| ^ 31*a)I yju ji Jsl>1I 
0/£j > I yju> ojUs—-"5(1 lyi jp* = 0 julc ui 4 J 

jL*$ 14-5 ) 14-4 yJjUll JU-1U&* <li j/ l&j . \yu> JlUL 

jt i>iji ji ^ ikSli il*£j **/•/ 


: 14-1 JO. 

. 20 cm jijJuj dll^iJ cjuuim J 500 g U^ji 3^5 •- i t l x 

^jii 2.00 kg Lijlji* *- s ^ 1 Uj- 3-I ^ y*j*^ 

£j>y j>c 40.0 cm Lijji lit-* ^1 U^ll dj* o^jl . 14 -4 J5 lJI< ydlS 
i JyaHi l+Jl*X (y) t IMU Jj—sUl iftj—Jl ( 1 ) X*}i . lj> &£y f 1+31/1 
x- 10.0 cm is L^iUxi 31&JI 3#^ (->) 


! jiLjki,i JYjU 

9 liyaJI UjJI xix 4ib0 |»j^Ul i-ill y U : Jlj-< 
oU» f \M 1*1531 utUl jySi LjJx jyuSl\ Lfuj : ol*)(l 

, X - 0 J>lc jl . !ti« nn y lulu kll/k/jJI jvL "J ItjJkX kifJ^j . 35 j> 
f ^i* ixjji jlll j/UJi y L : Jl)- 
: oLUl Ah o/fi 


4^ + -W = 4*xa 


»=^=/4 


: x = 0 jk : o^l 


V k k_>L> j£J 1+4/“ U . <lj+>^ k i*i : JI)-/ 

ji *mjUI 'JlkL-^lj IbLJl 5>jyi oh 

HjLjl j«ai ^ 3 ILm LyLLl oUUI :i* JSj i <i)/3j)l 

f j/flijl ULmJI jjx *Ji*j piUl ijill y Ij 4 (v) *3^1 J! : JI)- 1 
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- bfit Ujuitf l+J l*J ja ji JJ <Ua)i Jai . 

L^l ii». x = +x 0 jj» (jl i LLiJJi ^-jii Ulku ^ii yki; juus ii»_; 

. u = 0 ji i \ju> tfpJl oil? j 6j Lijup jbOy jjJI LjJI u 
vjjj ijL 4£j_JI bjjj jjjl j-iLlIl ijjil U U i (_>) ijjkll <Lu*jJlj : Jlj«j 

ji «iu>^ , ( 14-4 <UjLail ) iiLWl Ah j^jlj y» » "ijj U 3 Jt ; Ij^Jl ljj» : 

ImLu jj| . Ay>Jl_j jilt f^»w» lijL *j jh-i) £*>y* ji Jie <ul£)l iiltJl 

: 

l^ m . 2 _ JL^ i / 2 2 \ 

2 m ~2^ X to~ X 

? Jxj iiM*Jl j* U ; Jl^-i 

£ii>j . F = -Ax ii^UD UJ> Ul yy juSaj : 4jI^I 

ii^Uil Lull jJLauJI jt Uy-kli j* Uxm IfJii m jLt Syjll 3^5Ji jiLe y> «i> ji 

. F = ma 


oj) j* * 


> . "Jljl A JJ cuJL (14-2) <JjLuI J> Luiu i aJIaLUJIj^Lx}' 
: 500 g iliili 

,, (0.300 

0.200 m 

; OjiU* j^aZlI i>jJl jlji# yU> j5^ IjSjij ( I ) 


= x 0 Jjj- - 0 400 m ^j- 


™L = 1.40 m/ 8 
2.00 kg 


, oij> Ji u« y fi *jj ji JLitf 

: jjLu jmJLII cLkaJI (u>) 

**o (24.5N/m)(0.400 m) 

a ■= —— n - - 

m 2.00 kg 

: jix = +10.0cm ilpJlj (p-) 

.. !■ = .““»5!>.-1.2a«W 

m 2.00 kg 

. ujI> A ji Uyi jsjj x jlpj'il jLu a ot>Ol ji 

jLS UU» Fix k jLmJ JjjuijU is/^ <jUj 3 jlj 

• £" 

: Li x = 10.0 cm i* ii^Jl y_L>J t 


= 4.90 m/s 2 


V* ±1 


k(xl~x 2 ) 
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( ) jbf. g)j)\ J*i)| 


x /(24.5N/m)|(0.400m) 2 -(O.lOOm) 2 ] 

"~v 2.00 kg 

= ±1.36 m/a 

ji x 0 aJuJI dL>o ISyJ* j y£j jJ dt£JI jH La jli^^ jjjjLi^ll jl k>OL« 
. x = 10.0 cm jj> Lfl# sjaxw 
0.613 m/a 2 4 ±1.39 m/a • <ul>yi. x = -5.00 cm aii a j v : jjyi 


4ju.uJI tLogl^jJI ibj>Jt 14-3 



* _ { ^ kiL-lJI 4Cl III Jjlu |4 pit 

i ; jJ ji 1*1 jij . 4 hi HJ 4 litl y 
j*Lfi 4£UI jli UjU Jji^l 
. 1 1 .-* LaUl lUj^t 


j_*i 'ij J j>-jj jJ 4_iUll cliill 4__Sj> Uj 4 LjjjJ! tfyJl j* ijuS fiyi JUa 
4 Ji-ia xu —j y 5JLJI ■diili <J-v» ji . l$yJI >h flut 

UU^jll ljut j+jj LfJji j_lxu I %4 o’ijJU^IlS 4 OjsjjS |^J>I iljjl JljA jl ll) 
IjJ 4_ji jJ 4j r»j ,-aJl 4_jjjjJl 4_*&j'il tJk^J 4j^L'j’l >U-Jlj . LjyJl <£j>D 

. 4>lj^l jhi» £* Ldx> 4 -wLuu 4j4wljJI Ojbuu^fl by jli jljjlll j* r iyi 
4 JAH |>ltu iJl> y i5yjl ^5Lx> (jjjl (14-2 italdl) Jy oyli ji l^ij oi« 

' J* 

F = 4x 


. CjuL k >*ii» 

SrtJI jylti 4*-LS'l bj^JI jj> J*3>J y i*4*jjl IjA ytA^j 

»jbu-Hl Sy - - (sioU ) ( jljj’il j c. ) (14-6) 

i>U bjifil 4 II 5 JI a1x£ ji >»’i..a 3it> J i jjl yb O.'Lulj^II D»3 jtij Li!#} 


- ( ^ ) ( <*!# ) 
iMIl 


: SjyJI 
(14-7) 


4-utlyJI OjjJL (14-6) LbUiL dLLJI 3yUI _^jb o>J ^Um j! 15j> 

. (SHM) ikJI 


jyJ <L>oju <ju5lili 15j>J y 4 hj .ii 1 II <uijiyJI SiyJl 

. jljflll *J>y j£ ^UjuJI 4>ljJ jljL ,.VJ lik> y-ualuj 

jJjLJl 4_uLuLll Cijtt jby] Luiw. jJAJ Jl3jj ji y OjIaIw^I by 

bjJUl cuU jLi . ymil r llxll) byJI cull jM jjJlj i (14-7) j (14-6) 
jyill |iLyi y k llyljJl oull 4*«L jjll jjjJl yjl ill ji 4_jJj 
*-• bjjt ut^llDi bjUla'llI 3y j! oLj! j« U5*31* I j} * . LL! ilil'l j< 

o'/jU* jlilil iSjjj -*Jl j* ofii jl 4j»(>Jl jjSs 4 jljl^ll A«jy jf ^UiDI 4>ljj 
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( ) ji* 

Jj jLiii')ll JjJ> . Sj^Lt LfriLulu LllLu jj 4 ^j>\ 5jj <jL>LJl i5^\ll 
. UjjyJ \jivu jiluj "jly j*jll ojj> jlkitl jiiljul kwxll i5j-»JU' 

4v~u.ll <L)A9ljlll 4j>JI jj y 14-4 


J*l5illj JujULill yL> JlUwU <kwJl Jjjil jM> jl»uj Jjjju 

J- 0 UL 4 JI wL_l>j pll^l jS lift lyUI iLjLJI liuSJj 1 lilu jjilu i)Lu 

. _yiil IjA oLiku j* j-J JjliuJlj 


:14-5 Jii 

4 —jjili 4fc J*f x 0 J*S •>> 

*._Sj» P <iii> . u 0 JUidl 

1 -xo Ixo i> 

jj)* X 0 ijM > ti-i 0^ 

. x = xo con 6 



x u 1—ftjLi k_i-uj ijilj jljiiil Pq lull ifj-y Jj>jj Q JpO^ ijJU iJyj 

. 15^x11 ej^J IJsJjiiu L*wj 14-5 JiiJl JJUy 4 jUwVI ijili i y~J ijiUl »i> 
^-Luu OjIj AO I At - (1) *yl j iXj-t olj <5j> l^L Q *£j> <_loj Caul j£*i) 
i.t.iv i^jljJl^ (0 jl 7"2 ^JUI j* jSjJ (77 SJjUll) W = i/j /xo aj^UJIj 
jjk 4.1*15 ijjj Q j»Ji jjJl T ojjjJl j5Jj , lull J5J c^LUl 

: jl . ix>lj jj* S^Ull Jj» jljjJJ p'jUl j*jll 



; jjjjJI ujjliij J Jyi . lull J5J oljjJt JJf ijl . /" ISjj> 4 jjj 

H " 


4 x j^xJi ^if Q pj-oJi l>i.i,i» uu Ji*j P <Juu)l jl 14-5 J5.UI ji k>"i 
Q jjji^ L*Juf 4li dJi Juu j . X jlljx^U l*J jS X - XO COH 0 kiu> 
-X Jj +X0 1>* X jk J J>jj P jli lljls ijjj D^UllxpJ Ji 

jl j^l cull UUj Q JJyJl ^uiuu j OjjjJl ^aijj +x« Jj Jyj 

.SHMJjXu/' 
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(ol»jllj jljiaVI) ^IjJI J^ukJt 


: IftWl Q ijJUl tf/J) <$,11 iijIUI M ^ i (9 7) UjbuD 

vl 

a = — = ii^xo 
*o 

14-5 JSuiJlf j&* )» 1*5 t J>lj JJ jbill JLv «l>Jl J**3 a f iUnll»i* ji 
; x »l*5l j* fl f 4*5/ (3jl--3 P «U1) Sjtllll <LmJI jli JJj jl« «Ljj 
a (P) ■ -a ( cos 0 

lJL-JI oL/J'il j_i . a(P) ^$1 \ P < ilui ill 4_lxf jl 4 jJLJI Sj(— j^ll j 

o^UJIj a c jjjUJI 4-1 >a)Iv ytfLiJl /-/ill ^LiOu*U i jij, x j/»ull 
: Jt j-ai*J x/* 0 = cos 6 
a(P)= oft (14-8) 

a = kx LibUJI ai dOij i SUM P 4tSJJl ji cum Ijjk. 45*11 to kii*> 

jL. .,11 LL/Jl <I>aJ ijWl 8jyJI Jl*5 

i <LLJI Lb <jL* li/P -LLf-Jl Liilyll «5 ja)I jj/ jUJ j^ll 
: jl J*i (14-8) ^ (14-7) chSIjWI JL*i-lj 

„ ^ _/AL 


: JljJIS (0 ub/i j5^ Ii5*j , (14-7) i)jl*Jl ^ i/Jl ouU k >1 


im 


/ P 4li5.il! Lau-uJl 4/ilJI 15/Jl Jjjj . ji] 


f- JL K ±IZ 

'" 2 k 2 k Ym 


: J* 4 


r *} m2, Jf 


(14-10) 

Liiil/ll 55/Jl o/j jl L5 
(14-11) 


jjl 1 i *U.„i.ll 4 j2iI/JI 15/JJ ji>j Jllu ^ jliLi'VI Ijjk jl 
^LL jl ijji) jjjiJ jliWI jl//i)l L* (14-11) j (14-10) j*ibUll ji 
jL>j! (Jjl* i. jjjj ^liu! k 5yJI ujul* jLsijI LuL)l 1 jl ^ uUj, SHM Lj>jj 
.i>l* r U«JI lifiTjf 
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14-1 ^iy Jl* 
. 14—1 Jljll y *liiL J*LJI r 0iJi jljjJil JJ/ j>»I 




( Ot*jUj jljiftVI) jifi ^IjJI J-sDI 



^ •* u& 

Jiill f Ull jku ,Je- 44>J ydjijuJt 
. i*yl I »j*lyrt5 


=14—6 

0 —L* sin 0 i —1UI jhj* 
cos 6 i-MI j ( Jjjil ) 

. ( >iVl kUl ) ChJH 0 JA« 


Cuill *—L " i 5 Jl oulSj 24.5 N/m J^ijll oull jl£ Jill I JJj ^ : jifcui JVjuJ 
: jl (14-10) ibWl i ji) . 2.00 kg ^1 J> J 

f* j-J 2 i'L N / m = 0.557 81 = 0.557 Hz 
2n y 2.00 kg 


^joxll <iiyjt 14-5 

4 It I til Oiiljj Li J> jj y+j £ ,.! > jS' cL u _y 4_wi>l;j i-JjUj LliS jS*l' jj 

: oWO Jbaj 5-14 Jill I ^ P JsiuJ x j3l.i>^li 
x = x u cos 0 

jjjJUi j_* J! 0^1 ykU . lull x n j'i i cos 0 £» CjjL i-ulin x jl ji 

jjJi Jl jl y-uu J_£L?Ji lia 14-0 JSJJU y L* l»S cos 8 j sin 0 

ji-Ajy . 4^jjla3 4ylj 2ll jl ; 360“ UjjS OjjJj +1 JJ -1 j« byjJ y 1 ^*" 

LiiiyJl liu5^» 4 jw j}U*J L»*j i -X u JJ +X U jj X Jiijj jj±>Jl j*i» j*/ COS 0 
^ajc jt yHj Lit jj/oill jl k>"3l. sin 6 j cos 8 8 U*j . «kuJ' 



jl U/ju£ jLLj , ijij >j j jljlu cos 6 jf 4<l*>i sin 6 SJIJI jl tluia»L 0 j>jJi 

C Ojjy jljiw ^jljJI (lw i-Jlj £-4 jjWI iijUi* OjljJl *-«> l!lj 

. 90> y 

j^jJl £_i jjjj 8 Ly Jl cJIS j^UI pMiilb c^iilyJI <5j>Jl uLjj j> 
jl i P llttJjl ^ay JL»j j* U&J IJJkj i 0- (it kiu* i W o^ji Cull J-1 /uj 

; oVaJI^ ^uij <k>J 

x = x 0 cos iot) = x 0 cos (2^) = x 0 cos (14-12) 

j^j 4_uSjl jl jl Jj-!>JI j-4J I Ljjlijj U^DI CiIj^JMI)! oj> jl kA 1 )! 

. 4jjU)l JLw l/ljjJb tjJM AjUjJI oly^uuJI 5Is j jMjAil 
jl) ^jlj)l ^Lj k_ij> ICy* ^ j-»y)l jl i)lj5 l#i«9j jSuw ^1 *Sj*Jl sjj^j 
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:14-7 Ji* 

* 1 —' |i j> jiai* ijifJl <till p*y 
• <>jl J &S 


(jlj3*Vl) ji* ^IjJ! 

l JOIjjJl li^Jl ji *_uu>Jl iij>Jl,)! jl i 4 _m» )l LSjjJb ( OjljJI * 1 . ■ _ > > 
Liliiu 4 _iiiljill iiyJJ Oy#k!l , Jl»Ij ikt-Jl 
y* yjlu U* , 14-7 JfLiJL <iull < j>. i n yi\ Oj^uJU bUi-i'lll 

jjjj ^-ir> £-* <j— J—llli i j-ij d^j j jl** f-> 

4 lj> djl ^ _y 0 Ujjj «La jJbi Jl Oil , iwU <Uj-u jLJl J| d^^xy 

lJ _LC pjill k_ tjJ vjv— 1 ‘l tlCj 1 Vy <hj IJ Arfjtjly <Sj> dj>j^ oli 

• J*-! Jb ^ J! Ob 1 * * 1 ^ H 1 ^ tf 1 * 4 " ^ 
jJall jJb LkijJl oi*j . aJl jtj*J il»*J j* i t = 0 . ,>j)l ^ IjjjJ 
JiiJL i_udl <kxl)l Jt wy» 1*1 . Jiulll (> (o) *j»Jb jbkjJJ ^-yVl 

f-j <^IS* ^,-UUl 11* jUbil (>*; , (>uu j*j jj/ iy ^i>uJ 

: jM j»n\ Ij* &U ol»(14-12) feUI tLbj ,>jJI ^ SJbSy ^1 Ulj) 
y =y 0 cos (2^) =y<> con (ut) =y u coh (^j 


yy «— 

v»o- 

y*-Jo — 

(y) ” (1) 

U jUxpl (j[3 I ilbt^yJI 4j*jlyUI iJU ji a(0 = -(i/w)l(0*0^ 

: ijJLJi iLiL yiJj k UiJi jJjj LmI ul^ j*jJI jJ> 
°«« = (^K = 4 «V**o *** a = -<i mtx cos (2 #) ( 14 - 13 ) 

ji JULj t Ojjj J-a1 jljJLy +cos (2J1#) jc i^ii* -cos (2n/l) Did I ft I^Lj 
. 180° ji OjjJ (J-1 jljiy X ^* iJjUi* <L>oJI 
^ iLy 14-2 |fc-iJI Lyij J*j . ^jJI g> ifrj—Jl jj*i 
lji«J yjSjJ JC = 0 jl 4jul(j ^ yj£j dtiJl jljju ji oLUl oljl^J*l 
ImI ^j| £yi Lii£*i ( X = * 0 liJuP IfoLfl j X jj£ l*ltf 

i ^ULj i^Xa> lj*j . 0 j X ylU - 1 ;^ j v mM {#1 y 

1 ) -/iy. I^Jlj ^ j 44 1 fl j X (90°) ijjJ jljiy jjlsJI Ojlii* V jl ‘Uli-ilj 

: sin (2nft) UljJL 

: lid* x(t) yj\ \/j) . t y/ Iji Ji a j x o' “(0 j x(t) ji £ i5 * 

. * / y <M x » 
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(14-14) 


( ) jt* gil^l J*iJI 

v - -v mn sin {2nft) 

V " *oVi/m - 2 $c a ,ji ILL Uo>j ^iu> 

: 14-2 

. jjj ‘‘-IIaS bfjlj \SjtfG yuSI . 14-1 Jlill J| »jt g»y} 

, t - 1.00 8 Ikxlll & iiiSJl il*£j £ju wjl*>I 

i jfdcum JV dLJ 

(f y j x oja*j cliil L jjiy-i |ij5Ul oLluJl U ; J\yj 
t- 0 ale X = +l'u jt rn 4 I 15 JU 4jxua)l 4jZjly!! iS^vJJ <iUJl olj^uuJI 

y 

jc — .V(j cos (2nft) 
v = -2 nfxQ sin (2^) 

0 ■ cos ( 71 ft) 

4 f JJjiJlj Xq CSyj »li>j Li J£ <)i i>j ii»^U( o'ijjJl »JA jaaJuj 

. 14-1 ^>JI JWlj 14-1 Jlill oUyLu u 

? 1 * 1.00 .ik ^lu)l k_u>j L. n> >ll ^Ij jUJ jSL*j ,Jy5 : Jlj* 
O^JmII uLa’i jjjuu 2 nft vill jl jiiii jji ^a LLfJl ii^i ; oUVl 

/ = 1.00 s . f- 0.557 Hz j>i 14-1 Jlill y* ^U), A-biU*)^ J?Ji 

: J* >*) 

2 nft = 2zr (0.557 s’ 1 )(1.00 s) = 3.50 rad 

: ji* J-txb IjwLaJ! ifill ^IjioMpbj 

nin (3.50 rad) = -0.351 cos (3.50 rad) = -0.936 

: J* t = 1.00 S £*y> ,}jl * JC 0 a 0,40 m uJI Jl 
x a (0.40 m)(-0.936) = -0.37 in 
v = -2^0.557 HzK0.40 m)(-0.351) = +0.49 m/s 
o = -4JC 2 (0.557 Hz) 2 (0.40 m)(-0.936)» +4.6 m/s 2 
J-^uiJl J-J jL«^ £-*3 JC ji <Jl>JI 0 j_s oljLi^l 

J! 4 .. ~ », 1> £ »LaJI jij ( -x 0 ,>-« JJjU ) tji-iaJl J] jj>li ibiJI jlj i 14-4 

• IW 1 
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, X = (1.30 m) cos (2.09 1) iiDUJU luj iLy Uily tfp. 250 g Ujljju M dpjs 
• f'-W , V I *>W M Ij (y)? *Sj*Jl»a* JJjSj u- y L ( i) 
f iyi ^ jaj i j, J/sl +ix 0 Jj «jrf Mi J-m <$jJl ,>)ll j>ji (.>) 

i ^ i ih i4 JVulyt 
? ilUi olfoWl ^ jjjjJlj iuJi ^ : Jl^ 

i x = x fl cos(2tfif) i UJl MJl «> : ibU^I 

ji Jjj Lilli dliS . fUl UJJtf- iib j yj^ill JJaII JJj y x 0 liJI J Jjill 
j-* gSi l -J Lilli li£»j . 2nf JjL-j fUill y*> <Jb J>b 1 J ^jiL\ jj*ll 
. 2vf s 2.09 jl ol^LJl 
'.' Ml ou'J Jmu jS* J^5 : Jljw 
: m Mil* A sjiM f jj^JI l j i Ai ! : <ul»VI 



. f k yL*» j$ju <li ji 

t * ij» J j * J-sJ Uo^ « 5 jL*Ji Juu L : Jl)- 


oljj-Ull £. 5OjXe ol^« £0)11 liff j*3 J)-I Mil jl o* v** : ^l^yi 

Jo*J / j-.)U Mi ^1 jL^jl )> yjJkll jl til. coh {lift) Li J i^)JI 

. x = -x 0 %Uli 
2 

f JOi Ju UJ ij_aj ^lll ibbll jk L ; Jl)- 
ii^Ull »ji> ji>I» j_»j yua I Jl L_Jl (14-12) ibLil J>j ; ^1^)11 


0.500 = cos I2.09f) 


£*o=*o cos (2.091) 


; fUl u*> j-)Sju yL> t 

cos i (0.500) = 2.09* (radians) 


iMiLUlij JaJl 
! jl <5jjvJI iljUu jj ( I) 

2^=2.09/s ji x 0 -1.3 m 
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"f 


14-8 JS-i 

y-* iJbu—KiijJ. 

0 »«/L jIM. mg sin 6»mg9 
B j A jyjfctil jn L>«jil Jjls» «V 


JL-iltf! jt _&\jA jifj: uVjli#l] <Jl«l 
. 1*1 jU jb jjjS# 


( ol>jllj ) ji* £jl^JI J^iJt 

. T = 1//= 3.00 s <Juj t / * 0.333 Hz jl x*j i^ 

: > J-uJ A/m = (2 j 0* = (2.09) a <ftWI ^ (u) 
A ■ (0.250 kg)(4.37 Hz*) = 1.09N/m 


cos-i (0.500) = 2.09/ rail *hUl jW t j*)U LmS yJ\ (->) 
cos'^O.SOO) _ 1 .Q 5 _ 


t - 


2.09 Hz 2.09 Hz 


= 0.500b 


J Oi-fi ljukj . t = 0 cos (2/#) = cos 0 = 1 jl x(t) \J+a jj ji liiSiy 
X = 0 «—0^.1 Jj J—aj jl |Jjo j>jj . +JCq yt <l:dD ^Jljj^ll 

x = ^-Xj) +* ‘ T/4 = 3.00 s/4 = 0.750 s jl 1 5jjj xju 

\+M 1 = 0.500 8 LLfc^jl J*L IjkJkj . X * 0 Jj jj «>• 

. li*L 


K»..ull JjjiuJ! 14-6 

•jlj . <->j )J i-5j> j-i 14-8 JSU^ j^ilS Jsf»y Jja« jl j>i 

rJJuu J liilj jljrfl jP b-ljVl £i wx-.LuC OjUl-'il iy jl olJ{ ji»i 

xiu_u 4-tail j JjJoj JjJuJI jl 

Ijlj LxiJl j£i LtJuP jljj*lll giy ji JjJuuJl ji L»J ^IaII j*j 
bsp p ^ ‘ p 0 iyij £*-* oljsVl £*y j* J^i ^ji 
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T J_iJI ; La m iliSJl J* o*>J JLa fr\ a»J <jy ‘ 14-8 JS-H* 

C—ij yy mg ojjJlj » &lj JjW! ^ j 1 * J 5 * 

k^LJl ILlii—il jic yjaiil ^Lai ijill ^iL# J>1 £^iyi tHj • J 3 - 1 * J! 

jjU Oj-itf O-J JjilJ *y JtXyMJfim Mil ** ( r- mgcoso) 
Clb yyi mg sin 0 jjUj mg jjjU <*-Lil Li . I Jyi* 31 Jy 
f*l*j • O 1 /^* ^ ^ S/W 1 LT-y * J ^ 1 
FrMioriDj = -mg sin 0 

1 oyJl o xa ji k>*i . 9 sjUj »M j Sy 3 ' 6» i* 33 - 31 W Cw 5 •V 
Lao- ^IiaOLJ Li5ix Lljjll <Jl> ji ^ *4)ty £* V** 33 " 

o^ydi ii*) • ^y* 31 ^ Uj) 33 * b J * 4 0 ^ 18 * n ® ^ 

^L^*Jl J->/! Chj ( 0.174 rad ji 4 0^ 10 n oilS IjJ ity* pli,i J] 
jjj j>u ^ Chj . 0 = 8 IL«xtL LLS bJ LiS* ^ JjWl J u« 

: ij^JI ojlAjulll 

/■•.-m g 9=-(^]i (14-16) 

. SHM ill* J Wflhj ijill o* $UI y] 
: J x*l F = -kx l*Ul iiuJL 



: JjjulJl jiyAl jjy J* oytL* ji* <Lj 



Ji Lii LSJj c JjJuuJI iliS J* mjju )l 1*^1 JjJiJI Jjy o' ^ 
aj> Jl*5 lyi H) 1**DI oja 5J»L# o* f*p) ■ 8 ^l* 31 Jj V* 31 

J^JJl JjjuJ J^yJl $»yi J»-»yi ji!** - iPiJ 8 ‘J* 3 ^ 3 

: g v LaJ (14-16) ibLil J j^yull ^ / JJ/Jl v 1 -* 3 f 3 
: JL0I5 JjjLil *Sj> *JjLj </ls5 yl*ll ^ 

0 = 6„ cos (2 nfl)*0 o cos |j^lj 

i ijiJu> JjixJl oL»>jb lu jii Lilt op «jUI jiLiJl jl J'£ 
. sin 9=0 op LiIa tft 
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( jljirifl ) jut gl^l J*iJI 



14-9 Jid 

.pU-lgk-yfe 

! k >,l l > M l j_— * j^J Jafi 

(*)./?, ,Mg 

■ f »pp j^ 3 ^.r ijM ii—. 

>—iUl»ji tj^j Jl jiy IfiuJl ilk 

• y p F B juut 


: 14-4 JLU 

Lt5 *11! ^Ly ^jlc jiiaj A (jijAiyJI <a1mU l>Luj M <olo£ yiiJI ja IJljj yifl 

<JL> vJUUl ^ Jf M\ «jaJ! 4l*- ji y^alj t I 14-9 JUJU jo* y> 
!3| AjI ( £-.llJl J—aiJl ) jikll Jyi <i^Ul dlyljjy 1‘ijin .. Cull , h y jljlUl 
' <-}* !j-> <Jy (- ( v M“9 J-$- ) y *i!—a Ji—*i J] yJlil! ^Jj 
JJ 3$ ^sii—I. (<_L+i <*jjUI ji yiji I) , SHM j JiJ JJj ^Ui JJ wljL 

. oLjyjJ! JJ j I jJJJU 

' jjitliU JVJLujI 
? SHM y tfyJi jicuii ; Jl)* 

£-• Lljjt Uyyll^ yJUJI Jfi yj\ ijlli^l M y L, ji oUl! y* : 

.y Wj?i 

f yJtilf ^Vjil i5jill J»l. ; JI)- 
^ spjll yWi iy ^ Ji— i J! ylLili jjj JjU* jljrti III* : oUVI 

•>'J! ylUII 
V jikll iji jjxu IjL Jl)* 

. ylttJl ikJ y *UI jjj lijL-J oyUl tit : Ol>Vl 

M 8=Pti 2 o Ah S : jj! 

. jljjUl SJl> j 

ifiU^l! ^ijJl iy iay Ui ;. y Ujjj LiU] oL—« JL.I JJ ylUII ^jj Ijj : Jl)* 
J ? dJj jf oOUii 

<ii ‘ ^ijdl ‘Ui jjj jji—; : jj*! jj jjy #jjji oi^ • 4 ^l>VI 

• PhjoAm? 

y L»jjS bLa uij juy ly. *£j jjj ylliJl jjjll iyll ,yL» i*y U : Jl)* 

^ J^-l Ji 

. 4jJL Ojblj iyU^I jitJl ijj jjLj ijiJl iii» : 4jI>VI 

F =- ( V Wy 

J->yil ObJl CijJl ojl* jjj i o;LJ jljJU jy—ijUl jay iaaill ji kiu»j 
liL,*, uJlill ^ |j| *;i oUJJ ^ Ijjli jjS jl y^j, IL—JI yilji <£j>Ji 
■ v*> J* J-A^i- dili Jt\ Jl y ijjjLJi 

V <5yJl jjy jyjy I3L ■ Jl)w 
: M ddllj k tjiJI Cula yjU&j jjyll jL>jJ jS-^ . 4 jL>)I! 
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4 I 1 U&J. <,)»■» jlji* 1 (y) 



? iJbJl oi» y 5 yJI OfH ys l* : 

; JJUJt si* ji i <$ ■ syJI y-»liill Cull Lib j* : 

*=Ph 2 <A 

jJ>jj, f jJyJl 5 -iu-b oU£i upUl oUflul JS LjJ O^ 1 

: vJUUl Ui5J luJl 

M=p lh0 M 


: /"ibU* jk )M jfi ^>*1)^ * yj] 


f“2 nU 


k iu_uji jjjji ui> y jjjjji Sj^-s yj; Jx u* jj/II o< 6*« #i> 

Jj,iJ| Jjb J** j^ijl *^jl j*fi J»j tli*> 


( ) iJjUuilj jljiftVl 14-7 

. JLSl>'ill lip ^JU oJLull UUJl Juu *iL J jif* yjL i5' j* 
v-»y^ j-* iJiiJl ji Jjju^JI jljiJsl J-i* illiJ 
( i ) J_Lj . 14-10 JliJb <*J>y aLIsJI sl»j ; <>j)l jjj** 

l^juiiL ^LH ilLJl jM siu*j t Jl£l>^ll !> Jt> pllii Villi iJLJl 
jjli iiia> . Luilj jiii UL JJ**» {<-») »j-*ll Ll , UjUI *lj-* ! il j 
lL pl&Ji 1 jus Jil JLie t tsy ^ j 1 /^ 1 

4*^4 J»LiS L- i)i UbJI si* J j*>5bj I ( ji ) JiLli pl& 
■ U'P 1 J iJ*i 


:M _ l0 jc LSJj * J* jl* 1 pltil! ili lit. ijwi J^l y£ U»j 
jlS-L yjft fl&ill jlji*' Ujjt KjJL, -OJ4 |jj|4 ( J^Jui /Js^ oljjl A-»M J! *j»Lii Jyy Jyr <illi <> ^ 

jllU ’ ’ 1 * , L 

j! I iltUll jil) ill ULJI ol» JL y pUwJl 14-10 

ijj jJL J ijy± jlfll Jyiyi jjl> j ^ lij ill* j5>H •** 

JJ LjJ^j j_v Lhfll yl 5ILII oi* Jl* jij . Ij> SJl* ^ 

jss ^ s^ Jib'll uuilS bjj. list! j^i j*Li* ^ *ljrti 
JjArf UUJ^I plUl ol* J ylj^ 1 J! f 1 ^ 1 J l-*< jSJ 

, jjtUll ^ *jL 
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( Cil>jl!j ) jit* jyljJI JmmJI 


^ttJl Xt^y Jj'i j*j)l y* OJuU* OjSi) fUaj ji p <jl yjj ^jiyi <> 

k dl£i»1l xm J*-lll Jjj ji Sj^iiJll uLUl yiupj j\j&~X> iilkllj 

Cl_») y* i>y>j l i\ y« tyC 4jU *t £>jbjl ^ JiJsJI yu-j j£J 

. «ikJb r iui ^ ^ 

Lf-J Mj\ IjJ 4>^jSl fc3.ll OaXg iibjL Jill yi ^Lu yXij 

yi jjt dLJj j^oJJ L»*xJI o^jIjJIj . 5JU oLpliJjl J| £*j'l3J i>i 
lip I jt sj^j t j«XJl ^ yjj lpy> ,y 
oL>Jl y.i.iip j-3 i r » *>j b| Ll . jLi J *k * ■ LillJL j»LDi jj»uJ 

yi JJj i LLf> jj jlji-*“5ll JJ y JJ jjp J Jj jli 4JSy> 
olMI ^b-ii JJ jjj-t Lu ^jlJl JjLJI ^j_le JL Jj- jifll 

yj 3y44^ U-J <Jjf-<^JI jiloJI oi# , jljjjl'lll y£ 014111 ^3 p-Ofcll 

. Jjill jl jpill jlji*')ll £**> 


jl>l u- ijjl: &jh JL 
l^ili Jlljll y*LuA fjL Lit ** 

I 4 —ii> J* I jjllli* liL Iftiij 
. Lljlytl u> 


3 



4_{jlj& 3y) L_wL Lib jljjL*'ll j-3 pLUJI jil 1 ; ib Jil < ttVi^l UL> 
JJylll _jL- 4 Jd_c ji lyLa /»)jUl si* Jjj3 yp Jj I f lWl ^* i^'y 



/• Jj uLUL ^LtJi jIjui] jiLJI J4LJ1 lJl*j J-ajj, ^ILlll »J> 1 1 

ijjLJl jpl {,y& l>J oljjjiJI fc*u>- ji*j . f*f 0 j£i Lju» ULi! 

! 14-11JL , . ^ 

f Jjji-JlyUJUS J>ill jl>Yl 4JU. yj J-* 11 ** Jj! ai-kyAJU JjJj t flWl 4 Sj> p UL j^jkll J iiL 

JJ>J j_* f t . I jLi ijil it - -,| u . MjJ, M^| ~ J4_ U J£jJ, 1 , UUJL .IDI jU 

jjp L* 1 ^ v» ' 

j <ij, j-.| .11 ^ib;t UjtUi 5 -jlWlj j»Uai)l jIj-jI jj ijjl>JI ijill ajJlfcj jl ILL Uj 5 j LS . k>^ . LLil 

.^ 6 *^ **J* i ^UiJJ/o y^\ JJyJJl^jLi^Uop 
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__ 

& iu-i: J*-,. Im ■ fWi £. 0"j ^ y ¥' & ^ JUl 

. 14-10 pJOl ^ . r lUJ j#J\ JJ^b Jill » ft "j^ 1 

AjjiJI w>l>JJi*flII 14-8 

JUll J*- J* oyjl ol»yi. ol>^H Sjifll fL**i\ & j&to J*** 

Li-iljJ ij^i Jj-j • J*4r* P* Pi i Yfr* ^ l>» ^ ^ $H 

■ JjJA. /j > M J*V ^ ^ V 
. 14-12 JiAJw 6a« / W jjjj! ^ ^ f»i« vlH Jl j! ^ * 
■ tjH s jl.1 J! f Jki J| d Wt* ^ y d^ 1 °* 

. u jJjll > yl IjkiHl li* 4)^ J>- ^ ‘ jJjM ^ 

L^ L^j ulLil Uflll J*~ • V »i* jil O^U C**- ^ 

l>Jf ji jjj y L*i y^i ifiii jjyt j# w J! s -d l >• yp 
. UJI jj^u c>* hd*il 15HJI • £>) **j> yu » yy <> 

J_LUI in O' Uy^ . juA\ >i U J**-3 <-d' O' ^ d^ 1 <d' 

U cl ^jllj . ^lil y <^u iLJ y Ufill »j#J ^ » d O' 14-12 

^ jo^ll UL jil 45>JI j-L jUi O* X J" J* ?P o! M if**) 

. t-xh ILL IkxJ 
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Jjb Li i AIraj ..II oillyi 4_S^> j\ .nil \‘j ■ Lijlc lZjX>u U j^ll yiiLi) 

AAJjJbJ JKJJkSJI ^jjUJl u*Jl> yji\ jil*o jl jiju£ jOy]l j* , 14-13 JSuiJL jo* 
jJjll J-iW uJy« jd JJj jIpI J] <SjaJI jtj i jjlaII H*»l^ <ij> 
yd\ 1>L Jw dljj oyii^ . o-^l iSjmi -ult jlL L jX\ . u UjJ ts^ 
Jl J_pOu <Jj_i J£i]l lift jlj t UdJ ^ OjljJl t-u> jlaL J£- 

L^jLuSI —Jl iJlkll i yyi JjJjj iilkJl £# 5Ul> i> L*jjj jjjJl 

. jjUl jj 

(jl ’liiilli , jli Ls L^-laI ^aL Laj oLli I>jll :L Jii L-»jJ ^ i >"» ,i~j 
u LL i j j i j> »> jfkJ ijL—J . JSLJl jk jLi U*j . C ) K 
Lljjl j£ yy U i>lj] ^^ajl j*~>3y . <*>jll jLn-uUL B Hull <LLH Hull 

o—. jl JL>1l . 14-13 JUL Ukll L>yi lu ,y 0 jl ji t Sjfcjll <u»y 
_y^l! Li!I o—/ljJl l>lj^ll <_LoJ Li jjLj i>jll 
t JjWL i C j A jxLM « l>yi ^jk jjjuJ j,M liLlI y-uy 
JjL jji IjSkj , ( Ijla* 5I J^»JI) A 14-13 JSLiJl J) <J Uj<j jij 
ol J* . jj-kll yX I4._J c*jil jk j^jjl>OU ji^Jb ii jl j# <iiLll y> <>jll 

. ol>yi j±A <Ll£ jljlil ijjj JjL Hjll LjjLb ^1 oUl 
i—<Jj£j S5J» d^AuI Ljji JlxL. P Hu)l£ jjyi iiili Hu l)i>l IjJ^ 
«>jJl C\ jl . j^ll JJ tfjftJI Jtt. l« ^jll j yy ‘Oil Jj Jlj jkl Jj 

i P LuLJL Jl>U ^>y JJ? yi jl Jji li>lj L>-jj ^ jA-all J ~ty pjAJl 

jj^Jl Jdki JjLi Ls%*jl j^ 3o>lj Hi” ijj Ju yu P Hull ji dlj j4 1 * 1 . j i i 
Jjkj -y^li jXaII jjjJ jl dJj J*4) , 5u*lj iUIS” SjljLI jA-all y+i jil pjUl 
tfl j£i ^j^UI j—*jll Ik ■ Aj^jII jLi ^ Hi> (^1 jljkl 5jjJ Ul*3 
jbLtJl DL> L^», T <L> Jl d jjJ —j 3u>l_j <Ll^ i>yI jLu y Hi) 
lijLw AJjjJI jji dJiS . f= 1 IT O^UU ILL LpjjJj hjjy o-jll JJy jji 

. Hli Ji P UHL iJill U>^ll |ui'l juc 
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( jljiaVI) jLt »j\J\ JrfiJI 

J] »j-« Li*»j 0|j • JJjjJlj j?£\ JjiJl y# Ia> i*L ii^Lt Jliaj 
ojljSii'Jl yijJl A ojji <*jll j* Ky» J ->ji jJuaII yl 14-13 JSJJI 

. T ^»jJl J^> A UjJ uLu .i)y*£ ,L*jll oji <J*j i T oj>Ij iU5 oljljS»l 

. <Li i; /»> t V - A / T yl X>u yl lulu V ~ xlt plj>a-/b> 

: CPl 

A-uT j A«^ (14-17) 

. ill} jLr_jSl iijJKlll ol>ul) yijj L ol> Jl ^U>J <>*>-> OiUll »jj> 

I i»i> t ^^jll j v .all jJjLs LaiLjj yj^li JJjjJI yl JJ OjLi^fl y-J) 

vlf tijLui Jl JjUl lii > <*} Jisjj jjjl lx^JI ja \_py O- Jl y^AXi 

. Ji^axU UJ> 

T (jl5 IjLi, olJ) j La UjSii IKm J* Lx^il 

jie i>jii jLui jjtj—»jij l j j> jjyi y« <Jj5 wi ouiij j^yi y xiJi ^ 

: yp^i 



Sj->» <JL^j jjyi jj J_lll jit <>jil ifj-1 Xiiu yl L_i>J Ijli j*«JU ySxdJ 

jjyi 4_Jd tjL-lJ 4ii_Jl y_P J>‘ ill I *_» £iLJU J—Jl . JUI5 <il Jjx'l 
i£j~j ojlj JUJIjj 4 l*»«ll Ojlj Lib J—jl jlj Lb» L Ifr ' ii k' iy CajuJI jjjx JlL 
|»^__C jl_S* Lib yjjll cili Ojlj Lib Jj->! 4_j|_> y_M . 4 .Al i iI L£j> 
i_5j> <Uw«t ^_Lc jj}\ y_< JjJJl tJ->j Jjb yy yl tax ill jlj . I jJ/i£ jiljJI 

J -A.'ill it jl_J Iji A ^|Aj ,‘1>| ..ill y^i Jj \jjl ^j_ujjl ^ yl Liu>j , 4 -UjJ 1 

14-2 JH> 

-Uj—i yj_i» ^ yj pj^JI juJl uji L . 60 cm jy»j 2.0 g uib ybu> Jj 

? 300 m/s 4^1c i>^ll 


C,i T = (m/LXy 2 ) ojvJl J» 14-18 iljWl ji*i: jiU JVjO-I 
11> yi k-A.’i. T = 300 N l L = 0.60 m j m = 0.0020 kg j n ■ 300 m/s 
■ . jjjll ^ Ulu Cujii 30 kg U y i Ub yjj ybJ . b* jijb jJI 
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M 

14-14 JIm 

•i —'*■ ji jS <s > ii*j vikij 

. Lj/jJi i_i ykSl jjt jiA£ifi\ 
. 4i l* i j i l l jljll >t a+Ji J| 


( OL>yij jljiiVl) ji* ^I^JI J*ill 

b^llul 14-9 


liui; li,*!* jjyi Ijjb ji sj^j i 14-13 J5u*JU ^ijil jjyi jlfi <*yi JiU 
4 Ll lAJ Li JJ JSpJI ji yLu J jSy ^ <L>jll ji d»pj , j*^|l iijl) j* lju> 
'i OlLJI ji 4pJi U>»‘ jJi LSLLD ■*,•' •*■; U ■lIiL* Luis ^IxL , cjumI)I 

iio*~t\y OlJaJl tjAJo JOX*j Jd (1) : jCu-i jl jSy Lsj , yi>0 ji jiu 

JJjjj , JULiJl JI <ilUl ji*j ^Smm jj (2) ; CujuuJI <JaL Jut J«L>Jl 
jlj t ji jaJitj vj yt 4m2jU 1I tii.jillj . jLull JJ jj^ll ^lc i» jl 

. o^IIaJI ^kiu j jj £p.o ljj»j t Ul> LfJi olLJl 
US i j*-*Jl Jl yfl ^ »Plj ipj* cifl ajuuJ SjJiLbJl tjjt i-ljjJj 
iyi> 4_iic yly LfJli JilxJI JJ <^i>ll »x» l»jj£ , i 14-14 JSJJU j jj* y 
Uj —> 4_lSJj i j_l ojj 4 jISj y OfU J«UJI jl kipj . jifl Jl lyu 

fjL—j JUIIj yjuu vjw 3yJl ojjij i Ji-ii JJ CmSUuj OjLa >yi yj }I ^ 

<SjjO 4wS ^lc 'll** oLm jl^’il ^*04—» j-£ >lllju ^fli»I_|I Jiwi JJ y}\ 
jo-j oiLfjJj . JjLvI'u U_»ljk<?l jlU uLip Llj •LiujJl uaiil: Jal hgJuj 
ji jj UUJ1^ jJ^I jlS Ijlj , o 14-14 JSyiJU y y US <uSjull <J^JI 
Lf-i* j-» y)^-i kjJilj jj 4JuJl jli jjj'ill ci^Ul ju£ Jiwi Jl^ ^i Jl Jjaaj 
. j—j-^'lll lJjJjJI jlUp <tLuu IjSU jijjc jl jSLu ^ oLLil jS j ■*'» ■* 
jjJj ^jSUjJj ; cuUJI J>II jjc ^ISjwVU uJUjJ i>yi jl Jyl dJjJ LspJjj 
. ^pjl J>’l 

jL-*Jl JJ jJj ^JU cSj>jU c«SlaU 4Jj ‘Ifcll jj# U j^ll jfuulj 
jif-iif 1 14 15 J-Sw)l J_l*^ . jwJI »L>J j_jyi jls ISpli J^i ^i*j 
jUl* jJub Liiif . jjyi tr »iJ j^jLii* j**L>jl y j!SJ»Ju " j^iU k iw 
y US (Jiyi ofii* ^ U*|JL>J y^ljlll ji jij^t» ly> jil>^ll 

j^_i>yi ju jUwiill jLUiJI JJU^ dp i y 14-15 JS^JL jw 

j_j 4 1 U 4 I 1 pij^Ji y»S 1 LsJi Jjoj Uiu 1 oj*>v* j^Si jyj ^ Ua!c Uo>j 


Jy*»Jl jiUi 4JI «yL>Jl . JSJJl Ijy v>_w viyj jU Jy>Jl <ij> j# Uutuy J‘Lii J * 
Umm 1 >m -L . J_LUI 4 I 1 L 1 ..II ljI niill Jlj y Lu . h_f JLl jL <wj ^Lt 
SjLc JJj jJUij . ojyi cr Ju j-i < al l *«i* oljjjiJI olj U»yi cilJuJI j« »jfiS 

U* Utjjwl jij . V jlUl JSjJL UiLj^S oUu/ JU Jyc v ll yu jJIjj ^IjawL 

ySljuJl ill> J ljLi_J| >»> |U 1 >( 1 4 wjl Uylj jSjJl 4 l j h' i I I 4 pljjl uLw 
. J^i'Sll u> jl Jli-'l'l 4 JL> y Lu i-y[ 
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(jljia'ill) fit g\fi 



j —i 4_tyUUl t Jk Jim 

J-** Jt AJ>x Ly j^aJl 

L >«S*£ fj j**jl fi »l*J)fl fi 
4._iiilI ji ikV . jjji! 4jJ]| 

. iisJUJl <iyj| fi Kyulj 


( ybL>j'i! m_uhJI jjL-u <_>lj^Jl ^il_i3 jl ilUj fie ilb ^ nnj . y£ljill <Jl> 
: uilyJI ijU4 j4-M U Jill li*j <1 j;U>jil fi**ty 


I ) 1> ljj ijLi Cijyi j-Ji fi) fi\ jl jyMfcji j jl ai l fi\j OaJ daij OjJj I jl 
. 3jyuJI oLyJI |jfi oJUJI ol>lj>U jaL> 0^I *j±xJI <ijLJ aLaxJI 

. yiiSiJl Ijjt fi LfM JjIajC jiJI ol*jll fie ijyll II* Jja^j 
4_Sj>ii 4_yA- <_>M J-_SLjJ Uju» Ojl>^ L ^ji) Ijfll li» LiSy j^ll 
J*dJ LuJlP . 14 16 JiLjJL *w3 vjbjll . O^lill kjjldl JjP Jj-uLi y% J* 

( ^ ) I ^ 1J I 

jj) 4 .ii^*'ii J^>*!llj 4UL L»li>! jliujljil jii> ji JilJl ji (y) *jJ*JI Jjyj 
l 3J_> jl> Ivy jS' *i>y ^1 <J1 jj Jl j^ « jliujljiil » LtfjU jli>^II CuL>j 
JJ" ^jJi LL>JJl jJ (_*) j#il Jilll iisy j£*jll yn ffi <i] J* 

4_LuU JL*f jjyi 4>lj| jl ]*>')' , (y) ij^J! 4-Jjullj JaSUl jy>y I 

jl Ja>^L| illij Jj . Lib IjLo jfiu jl y^ lylj t \fiua JjLii >lyjg)l 

. bxxill fij fi ijfil JaL SOP lip LsJ I jLo JjLi <L>lj)ll 

J-iiJl Lljpi ±J Lil fifiJ . y*fi fi ^-*1 Jj j fi> by 
jji>yi ji ji yu a jjj j lli iji. jj>i <l»j li tie y 14—16 

JJiyj LyP^iAi jji k JujL*Jl ^^1 fi jillixi ji*-o h j^L>i 4 .i ^ i i llj <L)LJl 
4_lni.il I ole UjUaj J^>oj V yfi jl ji . (_>) <V>Jl 4jyll Liiil fij ii t I fie 
JJsiLJl jj_i» Jl Jjjb vli_»o 4_iij> iliii jjjl Ijjk Lujlj Ijlj . JSLill Iift fi N 
j_)J>Jl jy LLjj LLj Jjl\L»l *Lill r-Jilj yJ- Lyly Lil jJyj oLj 4_iSiullj 
^i_-u Liiu V jiiJL lijUnl ^ ^yll A^Jniill J*-UJ . ( J ) j#*-o^ll 

• JjMW ■ fi ^ O^J* 6 J^ im ^b*ll uLa ii * fi Uiyi A <Liili 

l p i . * «. i l jl ) iJ^-C Jib Lljlj LLj yy I <ui jifj Jill jljiA'lll ji fyll lot 
l^antJ iiidLl jafiix* L jAj i ( ILjl^JI jl ) iyU-JI <> jib LLi ^ilj ( jJ> 

. JJi jju J,wJu)l 


M(j jaaII jl JjiJl Li 5 Li ( j ) *J>Jl fi yyj ^^^>^11 j^yil Jj Lj£u lij jSlj 
j,y oLJI j[j t JliUj • j—!»->il JjiJl JjLj oliLi ijAiJl lfi*j ji 
: iJ^I <ilfJI UJL>Jl jSiii jl jjj LJL . L^l -^A. jjLi j*JLu j*iti 
• ^ iyii-Jl i>jil fi jMJbb j«i lu ji jiiyLki jMjib jM lil—Jl 
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( ol>yij ) jitt- J-aiJI 


W —L> 



M, 

14-13 

JlJJl j-aj^ jtfck'ltl iill • yS^ll l V 

. _>ji Ja\. >1 j 

J-i*i pj> iil—( ji—* l) 

'(y) ■ oh^Ji 
1 u#^ 1 U*~ S*M' 

»>-fl j3jll iWJ Iktjyi jjij J]j!j 
. <JU ui ji 



(') 



:14-16 

I j_pjS jl i *Ul mi l 4^ydl glij 
i/-4>dl >—ik3 Ulifc jifjl JJjll 
. JJ_W Ul*j ' -<« -*j iiaLJ 
.. J l j—jikj*)! < Lin y*ujj 
j —t jjMj ^ jjii ixUUlij 
u-i j—■ JS ^> jS 

*j>— (-*) ( 

. ( J ) »>Jl yi US jijll 
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(oL»jllj jljjaVI ) jitt g\J\ j^iil 

yj jk jjilall ol>^l : 14-10 




iyj y iWi i..L ijj_l» j-i <t_uii Uis y Juki i>»>ji y Jjjuw iLj>j jjf 
jlytl i y*JaJI JJjlLI I^jLa ijJDl JJjJ jjjy Uok U-> yjib j»UsuJ< <ily>3> LjO 
t jyjl jjALb oLJ)I JliliSl !>^>ji uj Jlli 14-7 ^-*11 Jt LUx»>U uij . yiUl! 
jlyLa'i! jjjJ a_i 5jiL>JI "ouJl jjjJ! i5jLJ jIp US&i 3ju1 ^aSL LbJJI jljiUl ij' 
rJiyji yb US : jlijlll <Ut> jl <liljJ <Uuli ijiy A»vj . ^LfeuJJ y_»Jl 
IjlyLkl i jjyi jli lx> j a a>jj y_j yjt LJ Ijli. 14-17 JSjJu 


m 

/=y i 


» 

/-Vi 


e 

/= 4 /| 


w 


(J) 


w 


jlyLiHl JJj-3 sjI^j . • 14-17 JSJl* US i AS^JI ^06 jjuy *iu»j li> Ua*«9 
^ =2(W) V —• v 14-17 '-*$ ‘ i*-»* -»/ «*** J /j 11 W 'jy jk* 

£-»•) >* j*W-» jjyi jl# /, ^j)l jjjiJl li* 

lj_* UuTij_j_Sjil SJuJl ol>yi jyiLbJ r~ilj JU» li»j i jA*~ojll j*Jt»Jl ju yUll 

»I^>SL jj_u yb LiS > tfy .^1 jlcl objy itt Liu I jy yt}\ jl A^jOJI ji^j 
JJjjJI jjus jjjjl Jl> ji Jjj yAxllj , JSulll j* ( J ) ; (->) i (y) 

, liSUj -4/1 * 3/,» 2/, UjJ oijjy; ^ . /j ^-LSi 

Jilll Jj jisULj , yjfjyi l*Ju£ jSil Jkjj-Jl yjL*aJ <Lf-i iLjJa JUkj 
j# OLil 4n]#il! Ju 0 viy> - i>a>ws ^jai j jy yft yi J»>)U UiSy 14-17 

yjj ykj . Uil J ^bjic yMlllll twiyLJI ^)l * - yijjLjUJ y*^ ji yrf3jjl*i« 

Ji_t> yl oyi . lj_SUj . , . y i i »l i l jl tJ_>lj -uLkS Jjl i^jLu Uilf jy y) Jl 
jl 2(A/2) jl M'l jjyi JjJ» yj-Sa UjIc yjjll *l^jO> Ju u JJj yll <uUJl 
y_Su yi 9J-U Culil jjjJI yl Uj*P Jj*)l luSy vlUjjj l JjSUj . , . 3(A/2) 


: 14 -I 7 J&U 
■ >J oh; 


jj jjjll Jj-L MJuJ . JjUl vJLail yi L>U>wJ bip <Jjt ylS IjJ yj^ yl 

obS c^ui I yjj, 4(A/2) j 3(^2) j 2(W) j A/2 jjLy j.y 14-17 JSJI 
: SjjJI jk ojy» j* ojm ji) i)U ^1 


X 

L*n-£ (14-19) 

y_i n »jxi ju y jjyi Ctji Ujk ^jll Jjkll j* X„ i n ■ 1,2,3,. £u> 

yl UuSU^ i (14-17) AJjUJJ L*#; JJjJb ,j>y' Jy»ll j' ki “>j • 

Jli^j i lji> i«>l> objy ok Jaii oiJ> > >iulll yj !I y#)j jl OyiUi ^$y 
SjL* Cm! If-J oIjj jiJl 9Ik jl y*Aj c UjjSJ yjU VyjJl objjSJl jl && 
oljJjlJI jl ^Jiyi j-lj . 5jj-kxJI oljJjSll y4 ol^ij Uflu Jj»L 9J0XI 
; fa j-jLi'lll jiijJI jjJll! OaXd olikliu yjLw <yyj)l 





J*ill 

o* uL-jll 3 jU ojjjlIII jb^SU Liu^! objjSjl ktiji) 

Jl OjdJ <*LuaiiJl LiiLil Uji <> pijJly . ypjJI ofill 

oU-^II (J-»y <«i>gLil oiL»')ll oljyJl o^LJl >jji jli t Jljjl 

oj-* 3 L*J* i Jj^ 1 Ul*>i ^LH\ jjjJli , jjiL-Ji 

n ^Jj c^ljillj iuljJlj IDlDlj ulljJl oUiljilL f { ; /j t i f } objjjJI 

& j-H* J~*y jl) 5 -*’ J! jli . -eJ/ll Jt 

olj OjjJ iS>> JJ ikwJI 4jijly)l isJ>J! yl u Lfcuj I J>lj JJy 

. fU yj> j( uwjk i)lj^ Lfujj jS^ j>ij jjjj 


: 14 - 5 Jli- 

Oj-i SjjLkJl ejJJI oljjjJ jk L . 24m/s <ub ie^j 6.0m 4 jjt> j 3 j 
Jj^l «±AtiJl oUiljl'l Ale ^jU M£i V ^jJI la* Uole 

: y^iru* JV aU 
' fP tf** 11 Chty’ 1 ^ J* U : 

ll» Jl»,tj t j^jll JjUl jui |> U**«s Ijje jjjll JjJ> jjS^ jl t_L>y : ij^l 

: frUUf l^^jjl 

.24 ,i 


J' 


-4 


V WjJl oljjjiJV WjJ* l» : Jlj* 

jjj v - fX ^ oUjll JJJ o>yi JljbS’lj objjill j* Sfcll : U»?l 


f-'t 


? j/ill 4 *h;JI ol>j!l J5Li jjV IjU : Jl> 
41 ol>jJJ 4j**Ulj , tyjwill Cf-jiJJ j>~\ rlU-LU <L»jII : AjI»VI 

j*j olj^# *^L5 jl jj_lijl jl 6A>lj 5j^*J ^jil JiAll jjjll i»Ly Jj’il ki)5UJl 
. J i i y 14-17 J5uUI{ rwiy Ijjkj ; j^ylill 4jijJ» 
: JjVl d>^UIl L»jii JijbSl jl je>0 JUli ol^Lu ^Ijl>owL ; a iM>i;»iij jx)i 

A,-^ -12m 


j _ 12m 

**‘T 


= 6.0m 
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() r* ^ 


: JtJtf oljjjjJi 

f.m Minis = 2.0 Hz 
1 12m 

t = MjiZ» = 4 .0 Hz 
n 6.0 m 

f, = ~~ * 6.0 Hz 
M 4.0 m 

? Li 4 /■= 11 Hz Wjjll jIa ^ti tiiSl y Oji 0^ ty : 

44 m/s : 


iJjisJlj Ojju-oII oL>jll 14-11 

..i) LllSl jjj SyLuil ol»yi iiilli ji }Ljl» liij LjaxUI jaI 

Li,! jjji; y* ^3)1 J US i j?yi j^ 1 <d> 
ol>j*JJ Jli* H| ^ Ujls/Jl jJL oLfrjlIj . J>Sl ijifll iATil ^ 
^Jjl luwjll oL**> ji - J?yi oLy* i)H l**li ^1 ljj> Jlbl JSj . 
aL>Jl jJ* ( ^jJUuMjl ) Jjp* oLsfjl jj Cj*6 £»ltyll <j ji*u 

jjjll djxi ^jiJl Jj jLJl <> y) Jfi ityil Ljji 4 Mi»* . ifrjll jliit 

. Ji-IJb L^ 1 

ol»yi j >I jIp >* >J_/3l «Jy-> 

4 -uijL x>i <> cuIjj *LL SjuAL ^ £j-»j* JyJ» Jj*l) 

L*5 oW» Jj*j)ll lyU 01 c^b . ai> y dItfijll i 14-18 J&Jl 

U»pU)l ijill y* ok l-w jjjl JjUJ iuj ill oliLxll ^li (y) ‘j*Jl ji 
^ »Jjil! iijjll (iyl i*£) . yljktfi' J! jit jijti O' 
ioiyi oliixli Ji Lw Sy* < 1» ».< ' »>[I olilxJl yy i_iy d^yjll i> ^ 
dULajMl J^ Lokj . j**Jl JJ dj*Jj)l jy»; kli«o/il Jiii* dJi;j i L-W ^ 
JI Jj-xJ JAjLiu!ll j' <«’■; JJi;j ! lytL-jJ'lll SUJI 0#lll j>ll J! 

• (J) j OX* y ^ ‘ jM 

^_i CliJj Ct»j jifl dy}! 1 <*}1! 0j* yl |> 

jjJl k LikcLalJI 5y*ul 0JLJ» Ji* jX-JJ . d^yjJl ifrjii jLlijl ol>Jl j»*J 
, JLJjJaJI i>_jlL <+yi jLiS/l »u<3l y Jx-^l oLy> Ifjj d^ 
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( jljjdrfl) jjf vljjl J-ixiJl 


iMiMdtltltMtliliMiMiMiM* 



(i) 



(y) 


: 14—18 JVi 

f-j —ijS 

. l!uL 1]> kjj]t]| ilL tjtiliu 


jJSji'i'S? 


mmmxrmmmm 





:14-19 JU 
u—• i-ljk Wjli *— »• (i) 


C oi_J*Liiii jam (v). d!j*ij 
J_»4>Jjl! E -JIJitfl J 
14-19 J-VU 
H Liaic ^Ukli > iiuji 


. UjkA4 



1 — 


F. CECECE CECECE 



f yli ji* 04J Jjfj ljU j>Jl kjjlsJI OjilaU O-U Jaljj lu£uj 

^Ll> JjjJjJl JjL J-y tjv- jijjfij 1 f JJjj j wjUuJb »Juij k_jjiaJl ljj» ^3 jj 
. 114-19 J£jJLi ii»j . oliLJl iulu jLlli « ^LilL ol2i*J! ojii 
C <l \j — 1 0 \y 4_ij> vilj^uijJI slUij^W J wb jJLAi jiS I j Li 

, o 14-19 JSwjJL (jAJkll i yLvjJU ^J> ijjLvill ol!UII oLil JjIaj 
. Lu> jixlt tuu oliibJl iLiiulj jloijl ji ^LiuJI J k>y 
JuLu LiLtiuJI jj j~aJl Ijjl j! Jjli Jju Ll J[ OLij 

4 -J 3 UI L»ji! UL-»j UaifjJ . d*J)Jl L ijlv-> jJLt UliyJ Cl yu 

UL> l^U x LJ ^LJi oLtJkall Lr uu iJ'llju y 14—19 jacL-kj 

j_ij!alil ^1 «l jihcl n* j! Jju oLil ^>^il J^Uli . Coj«‘ ill ol>^il 
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(jlji&Vl) jit* Jt«JI 

J_ic (jju cLiUll ULlI j*t j^ill j* 4*Jlj . ^uJilu 

lF jJL jl_i ji—liS . •Jjujll jly! <Jl> I «$til (jljiil y ) LUaiI 

JJjJ t i; » f A U5UJI <jl i A f jjjJjlj v itj—Jl jo U%i\ 

, ixiyjl ol>^il SJl» ji Laji Oa:k_o 
jjJb Jj—i Ijl»» I Liiyjl o!_>yi Uili ji Oi>lj 4jyJl ol>^l! yujj 
. Jlill J«aill ji liUjJ fyJiy 

UjJ A*IS i . I jyiSJ jjlwy jjJjljjjAJl 

jjj> jiJ L>yyijJlj ^LJI: yyjM^ 

• ..y i'xjt J_» ! L^_jJJ i*U ! Jxi ! i ^ uwi V MIDI U 
p\ cfj ^ Js } H\ oljJ J >_JUJI JUb^l v MIDI j*,), f l <i*i> 
LgjjjiJl LfJjLij If ^ i jl^i ijj-* xj kiiLtij Lfjj oauJ Jii\ 
jJ> oxj» . ijUi—il yJij j-* Lyiclj! pi k jlffr <L„I^ 

. JI 

jJL»o jJ LijjjiJ] ji*UII oJj»ei J wa_>J! jl £jj 

ol^d»Jl jrjL> ^jjkX-J CvLS U Ijjli tfji 5ll «. J*y> (>j Xki jliw 
y _y»lJl jrUJI jL»o jyJl Ijx j-* olut ' i-Jl Llx , UpLJIj <*ajL>JI 

^jji ijj> y* <uIk)i j>f*> * u^ybij * 21 * 11 « ^u ^i-i m » 

j— oaJI JJ UiJ aJj*J j**Jl dJj Liy . j-* 

. yijflujSJ 1 yu jj 3 * 1 * 211 $ wuoxij 

J *-H j-j; j-jiw jl+* ^lxiOL-»lj xJ^II OjJI ^lf J jmi jlSj C « » ll>^ « ^ JLiy » 

L Jt OJalxJl U^yi Cifll UjX-J ^1 ixull d^Sl J] P* jlS J^vJJI II* yl fjfill yuj . MOOG 
oljli.ll yu JJX JUXLib <u1a« O^jLxj < lS i ll Jift J> iy^I> Jl UAi^yi j* W J Ajbljjjl oUiiJI y« LfA>LA| 
5LSl>4 jj l-Mjj 51-13 ii^kll j jjb Jjij ojuii olilxll »i» yu jLu'llI J^Llj 5lj . oiyi jJu ji uiyAJ ^ill 

<i^ji\ afi\ 

<JT olj-ui jJyij LjjiJl cfi\ ol^ji jJW y|-jifllj U^"b)i3ll /"I ol^iUUI Jiljl 
MIDI flL y^axi-u (^iL -,yj i^lSjJI oLiWI ^Ij-J Jjfi-I klw> k yiyjl Wy^ !j * 1 * 
J J)(U oyjl ii* jij k >lj ji Ijl-Sjjl y 4Mu*3« Oj) -ILjJ jb y US' lit j-xy . jfnyi 

o5ijtyu oUlji jj 5JL-iyi ouyji xjy ^yi j^sji ^. iiu yk- sjyWUj j^-yi o* y u 
. J5Sl Jt ij>l> cii*JU. Jt Jls- JS 4y*i) ♦ J ^ "yk» 
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(jlj^vl) A ft IJM J*“ll 


M1DI ‘ *' ^ ^ )M * »j^ J ^ 1 iijn*» (> Vj! US J MIDI 

• c/iffil (l*-uil JjLJ <HjySi)\ yi>la lj.... n~ .. ^ti u-l^j ol**Jjy y-U i^jki 

3lil>, jj J-aii oUUJl y^LA, yLi dJjJj , UluJl i*f}l ol^l 31 SLmj o^Jl JyJ ly, JS f .i- g 
Ji Cm J—*»i ^ J>-«*ll J| i>UJl yji ajj . SISU, ^i Jdii ^1 jjy 

^LiJI MIDI flkw sJjtj U y i t <A-i WjL lylyyl yjU jISaI Jl jli* 
*-hh3 *—<jjjmII *Ll1 { )Ii j—<Li!l MIDI JAAjj 
i4* JSU . <_L,yi dJi^ d5L> dyjjl oLl#Jl 

I jam* ti\ US I b>lA\ o^uyi^ ifill MIDI 

jjjl ofll , U—JLj] Jjl**j oljLl^l c^hb LojI 

, MIDI 3j ^ i,. % 'iy MIDI ol^_d Jl_— ,Jj.,Jlii* -fi 1| x.j 

3 **~®i u 1 v-n ji* u& JiU»j Jl—<j] Cifl MIDI 
1 ‘rij* V* i Ijl pSUll S*y ji j*M glib Jfi 
■ "^aW 1 J jji^l & JiL, JJiSj 

<li *5lj v MIDI J*U t+f yj yyujQl Vji>\ fku J 
j-% MIDI jlf-> JI^Jl JiL; Jyyj JfJl i> 

MID <^ JaJj« iiJ, f ldjJ, 

3-^J j# MIDI jLf>j yypfi jl** ,> i JSJL C*y y US i MIDI yj^^SJI JL^y ^ y^SJ 
Jj^i Jd> *Lj>l aA>j 4&y l IjjMl <**>11 ^1 jisi oljJ sisix. r iyi lj> ^dlyj , ^ f lLj 

>V J! kT ^ 3 ^ 1 jtyrp A v-uil oLrt-l^l r id^Lj , jjUJi y^ji J 3 Ll j 1L^ JuJIS^ 

• °Uj5-II ^-i>i jle jlj 

^ j-^ *) Myl' ^\i j>> 3^ j> > Cib d^i ^l> jU-‘lS J±\ 

y j . ^ . < i> : i ll jiJ. y^y L>\± } ; LaJii Jit .l^iJ! y-ijji 4yJlj IL-j yiy^ ty>Ul <*jt*J!j 

■ j**y • ‘UjJJi j 



divliuJI ol>^l 14-12 

yjp Uy*L_Jl L>yij Jjdj ^JU lyJjLJI Cy 5^ ISyiA* oL Jd 
U5lj jL-SaI; LplLj l>yi c>li J_yj ^ic dyviil <J^b cJLjl Ijli. ^ 
£* J->ljjj yl 4-iSy ‘LaiAiil L^^II oi»j i JjAijll J] i>^l jd 
j iy OH <yUII oidJ Ijjj , ijb olkd J) jAaII y_L Jl jd\ ol*yi 

. j <->jJuw U Idj i {juj ll dJjw Jiy* O^ljJ JlLLkj} jAaII 
(UU; yJ _)iL»Jl jA-aII c>* yji)U daU L5Ij xify . jljjVl jAj <Jl> j US 
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. Musical Instrument Digital Interface MIDI 4 







( jljiAVI ) J-“^ 

Ijj Q|1j. jj—all o-* I tiy tfjH ^ j -W $ 

vjjJLJt Ha jlj i lSj >Ji j* *»!•* b*fi Jjf'jN $ 

J&JL Lxi^ll oL^»HL juik JjfjjU i^w^l ‘ *•“* 

• jJ* ^ J^ 1 T?y ^ ° 1 ^ 1 *» & f* ■ 14-20 

y ji|i>JI J>yi JlSJl JjuJL ol*i*iil #jj I «illi <> cr*^ J-*) ) 

^ djHjll ^ Uis JJ o-ljl l#a3j • ( M/J-U ^ 

. x x jyJl «t*Jl y ol>^l »i* &l * W 

L^l ^ OrtJI J! M>jl» W ^ jSJIUJIJ: alp jUI J*j>j 
ijJJ- jixSj . jliul ji o)±( cH^J^ ‘ jU^ 1 J! ^r 3 ^ 1 
^ uLi! jXi oi^m tibwM lyL*. J^jll J>i b£t ^ 

^ iel>kll ot*jll ai> y 6^' V o!» 4*1 ^ 

L&jmJI ol>yi *JU ^jJI J>j- J* p *#)» 



jyjl ttiUJl £* yi> J! l*i» SfcUl »j> . n = 1 , 2 , 3 ,... ^u> 

'WOTWisir 




: 14-20 JC 

jlji_jtf! i> A^JO »>i—H 

g jivU »iik , ld#iji yljiSl 
l_oS CH^ J* 0# kiAiL - 11 

JilSJlJVi+iSlj* 14-19 Jta 














(jljia^l!) 'ji* gljJl j^iJ! 

JjfJjU l^jJI oIjjjUI o< I jilt* lSj-J J LUi* >k *v/f i 

; JlillS ( LiilyJI olwjjJI jl) 

'•■*4 

. n *1,2,3,... iu> 

: 14-6 

JJ^UI o^i lri« ( 300 cm ^ 

• ^ ^ <*jH jLftSil «/- ^ U . 20.0 Hz jibJl 

1 t y i tii i* JVulu/l 

^ A^jil lJ-oj y« <L>jll ifj«» ^liluL/l jiuj (ju5 ; Jl^ 
fJ*j Iwi US . ol>yi L£ La L>uxu> 1 / =/X <3%0I ; ijLa-Vl 

. jibJI JJjllI yjj y* i>jll JJj3 ji 
f aii liill> ^>^1 J^LJI ys L, ; J!j_, 

JUi LftU Jjjjyi J;J> ji Jxki ddi y d^Jl jij]*! : 5jLa-?l 

^-yl Jjkll ui-aj 

: jij , L a 3(A/2) iibUI j* JjUl yL> jSLi, 'A£2LLJ{j JaJI 
^y* 60|cm = 2 <H) cm = 2.00 m 

: ji jl*J f= 20.0 Hz = 20.0 s _l 4 
v=fk = ( 20.0 a 1 )( 2.00 m) = 40.0 m/s 

jJ iil—jj n = 3 |>J y^uJC tjJu J* Jj«*xJl Cut Lwlial^ jlS 
ki> jjJ-ii i 'i yAul^jAJI pj*u jLi JJi £jy , lf>LUuLul j.l_Jl tf)Ul 
J^kJl JLwi jjj ajb fjj\ dJi iiJiiil JSljJJ o'J'jLu 

Uii*J( , J^j| jl*/i /= v/X iftbJl ^ A jL*} <dS Jjtljll Je, ^1 
fl-^V U^i i+w Jjlrii- ^1 ^jyi Jilp 4*1**111 yLi 

t-bu ji U*L Jjjj-aJi j4 yjSj jlj ^ILJI JoUuj ii^UJI all 

. aj> ^1 p 5Jl> J£J iljbu 

■ ^ J y** <^>ll y+ <*>^1 y U ; 

.24.0 m/s : U*?l 
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(jljJaVI) jiit £<1^1 pill 


jJUJjl kJljal 

: Jt tjjli jyfc J ujl^ Jj*]I la* o^i ij $\ 

t lL_dJl Litjlpl ibjj-JI ( J ) ( JpjJI CjX (->) i (w) . jlji/Oll JJjij OjjJj <Aw ( I ) 7-J-1 »i uijjAJ . 1 

i ^jll J>Ul ( it) \ L#«Ji <>>11 ( £) i (j) ‘ (ji) ( j ) i tfpJI (-») 

( j ) k SpL-ll L*jil (^) t O-M'j 3ji*)l ( J ) k My) ij)*) ( ^ ) * 1 A*i (li ) 

. LiilulI ( yt ) I IJtLJl Lfrjll ( J ) » ci/i-il i*jll (?) t A j iutill Jp uft iftull ( y ) 1 j*)ll 

jJj . »jL«u jJt Uu) ^1 jj *Hj> Jj *!1 k->jjiu <tj-i jI^ iitUl oljUlfl 2 

. liyLflJtj iUjJI (y JSi) plill 

£_bj1I jSi . Djl—u U»L tsl jl*p <^ily <Sj> i)j>M |/^* o 3 * ^ f tiWJ. 3 

. jpJlj ^tLJI <1*JI <> J£J >lill 

dllj jLwil iLjt ii^U l») i *51 ALuj AJilw tfp ^ Alyu *£j> oJtf (jj U* jUlll ji** Ju$ ^p - 4 

• -JJp iij 3 ^ 

. ^JxuaJI OAil^jJl ASj*Il jliJ Sjilj jls AS_pJl L^ixC u^S ^p - 5 
. lilSJl oliL)! hlukpi Ijj JpuJl (y) . AL&Jlj JpjJI fllw ( I ) jlptf ^ysuiaJl JJyJl jL*o> - 6 
lyj a.iv , !...h olySJl Tjii) AjfrtJI Aij^Jl AJjUu A^liS . *£j> ikuJl yiilpl pj*Jl lill jP- 7 

<Lu»W ijii\y <5 J> i £pJI yhu IjLL rj- 1 ) iu>pl JjliuJl AJL> p OjIaIx^II 3y) Ujj P ^4 rJ-3y - 8 

. iSjpl Oj_jj AJj'ju oliS , J>ii 

l 1 wL>J ipull ‘UjpJ JSuJJI ^ljio-1 . oip j* c*juU Jpj AJl* ji iji3-l! A>^ll JlLii ,> jap p-j. 9 

. v )\ffrd) jjp Jp / ji 

v»> i> ^ <»> p 5 /*-- *»y j^ 1 10 


: jj pll oj>j 

1 hertz (Hz) * 1 cycle/second = 1 r 1 

; jjUj OUu j*j 


</) J jpJI 

. Hz jltf 3j>j ypi jlpb Lp (»lt Ijjj . (>jll 5j>_J p 'i'jXi pH Oljj Mi )»f ayi\ 

(T) ijjill 

T = 1 If : jjpl op* jjU ijjJlj . »J>lj ALI5 Jjj > p jifll flttll o/Lu jjJl j* T »j)JI 

OjjjJI AipJl Out 
. iu\y\ 6^ fltuJJ ^>(jj j* 4 a«JI 
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( jljJaVl) ji* gl/ >*)l 


(SHM) Aiu-JI 

» , - ,->y j_£ j>0 i»!j! jljJu Lk> h-uljju bjLu-il 04J <jL^u_iI ^UjlJI dj>jj li-lif La^uuJl 

.Fz-kx : oljrtl 
SHM 

. y sum ji jiyjt'ii ij/ 


l=E 

rt Vm 


jifll AliS m i LljJl J! flfcuJi ijUj Jj J*« jiJl bytfl cuU k ±u> 

<Lax>JI ; 4jujJI <Ui>ly)l ijyai\ 

: Mull iLl ^jJI Jfi SUM d^Oll (**» gij« *iv 
jc = jc # cos (wt) = x 0 cos (2 nfl) * x 0 cos j^pj 

i-lL ) bjjjJI T 4 (rad/s olj>^ i-Uu) iyljil kr** 1 « * ( Hz )S^JL Cli.) jjjSJI f i <a-JI j x 0 

: U> ^j)l ^ lllji iLoJU tPj-JI litabu (s S^jlDLd 

o* (2/qfr 0 )sin(2a/i) 
a = -(2nf) 2 xo coh (2xft) 

: l>yj> 

. I |k_^>Jl iLi' m <. plfcuJJ oyJI cwU A’ i 2ltf - jl Jb>'i - 1 

jL_>^ojJ j* 'J> ji J lii^u J*j i ASJxll jjL (til-=2*fl = 2nllT <*»SJI ^ t <*Lj <J»»J Li d*-2 
2n rad ,> ojjJI jjSXi. Juu UjjJL ^lid ^1 *k>J]l dt 

. t * 0 jit iiuJl o* jit jJjjj U^LJI oli^UII. 3 

JpuwjJI JjJuuJI 

: ii%Jl UjjjJ SHM W JjdJl Jj^w ^hll iylj <j_j£ Lai* 


L_ 

JtU 


. iL/J 10 s i>6 Ji: ji! UjjU Jj’il ^ Ly** (tij 45^ - 1 

ol>yU <UuJl obJLflli 

j*iU; jdu iiLil A JjUl. i>yU J^UJ* J»-yi j* L>^« Li*; Jiils jii -UjJl o i*>yi L^Ji 

: ot^yi £***J um 4^1 UWl 

o =/A 

.jl^l 
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(liwLiyjJJ jjliJI u^jilill) jit* ^Ijil Jkdl 

: 

^►jll JjDI JUL yljjLylj*»£JI ybUj . ijj'jll jXA» JJ Jjj ywiy 1 k* Jl k>Jl - 1 

: o’iWl ^JmJ j3j ^k ol>_jll ilL> ji <*>^1 **^_J1 - 2 


-I 


jyji ij>jl ittJi 


(18-14) 


k-*y) jaJI ^ijkJl .lie i>jll jS*m , oLe^il 4 Vj»ll 4j_uJL I4J JjI>JI k*jl) cyU)l tjjkll jit 1 


, i)xuu 

: iA> 


, ( k rad J Sjjj <S*> j\ji* U,y» ^ J nu liLi bbUI <>yi JIUi i-5kill i»yi -1 

o!_>lj)l jiLjO'il iijL-3 ULx»Jl If-cklj! ojj u** 1 j-i y ofcry ^ 

, ijjiill ol>yl 


jjj jk > yuji oi>yi 

^>ill JjtJl Jtki jt Uo*-9 Ijjfi y}\ jy> iijLi lik» ( iokjll) Ojiull oi>yi sliO>J ujt j» Oilil f}\ iil> J 
\ 

l °“f 

: 

; 05 UIU ij^yi objjil jk*: 1 k-yi yil j objjJJI ( V*>J 5i>lj b»jll J 1 
J <S*j J-* ‘ kL* ^ fd*l' £*» O' Ift) 4 ^kidi b*£) - 2 

. /j = ul2L *A <Jl>Jl OJLA ^ .OjjJlj ■ 4ku <U«>Ll tuil t>o3w> olifLjj j kb DJiX* Ujl3 j>b 

<*yi jinn jk >i»ji ^ k-yi oi*yi oik j* u/iji oi>_yi 

i>yi jiuii oi>oi j-i) y k-yi tfj jiii »iki ^ vjy»n oi>yi 

C>iju.». > Jj ^Jjuji 

*_» <_^lsJi (_*) . Ipwij UU> ( V ) 4 Jjj^ 0 / <5j> olt (i) <> ^ Ji*, l*k*kxi kil# U-j f-j! -1 

. jiiSl j>*o]l y-k jk 'ilili fijll 

IfjJkrf (y) * USIlj ^ ji 5J3SJI S#r- (1) 0* J* jt* ^ k-j f-j' - 2 

. jii^l jysJI y-ii Ji >ll« ^yi 
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( Vjlj*JI ^lill y^lill) jie 0 \J\ J*il| 

ijL*. jijL*i uu f Lui £-j,,j , 4411 ^ j>y kyaifyu 0 b^cik.3 
jj jIjmI £i^ Uoix (1) jo»] o*ij IjJ jj-aiJI Ujj^j 4*ijJI jyj ^1^1 

? ^Ijl'Sl iliSJl L* (w) ? ^JwJl 4 joL^ 

‘ 'V3 11 ^ fj IjJ Slsfllj (Ifc uji jfisil Lflj Ui* jJJ! 5^ LJlfc Jy 3.4 

? dJj C>l Lfli i»ljj > • JjfJjlljlAljlAy 4»J«J oi^lSaJUJSolJjSJj 

J* - ' Jb J! V £>l*L* ji Jj-iiJl li* Jj»j JuX li JjJUy )jjj JMU JuS . 5 

Jjj ? l* J**JI ajLjj Ojl^JI yjliiJ ; U, UijU* Ji-i JJj ^ui JJ ijLJ y^l Jjjlll V L> ^ Ju$. 6 
• “l* L)i o& 0 * i£*i J» • J #yy$ <)l> y jj/Ji Iix i**i 
IjL p <tol Ji j_a J-^* (Jljjl ^ J* f IjU . J*i>oJI ojj *L‘i axij 1 )lJ ^ilil <JLi . 7 

• y-M J>H J! iliAll OJA JJfcJ ilLAJI puu J*L $1 

• J! ofj*^ i> JL IjJ **^1 <ikiSl <> J£ jjjj uL£ . jij'ill jic jrfjtrf j^iiJl y* g LJ. 8 

^ f LU JJ JjL o£* J*S ?J** Jjoi, &) , V ^ij itSj 44 r Uii (w) i ? yil <Jb5j 44 f iy (I) 

V jiji\ Jj> <Lai iluL 
oLu-i^ll oUillil oUL*yi cU-^uJJl 4 >jj.9 
. 20 m/s Ljjj yij ^JU 14-1 f JUJL 
>lLlj jj-S . 0.40 S yj!\ Jii Jjw 
, 0.20 s jjj> My 

* >j*- *+y oi& JJ J>lj 4 > *1^1y 6lS>3J (jliULii 0 U> r ^33 *1 uSL > . 10 
l* ^ ^ r*^ ^ £k> ^*' * u v o*)* j*> oy*Li Coixji Cijij iij. ii 

• ^ J 'tW i l* • ^1 ff +j> it» ^ M\ jixio-jj+j tlil J 

JjLm 

14-2 j 14-1 uU-uiJI 

J] iliill axi LLjjj . ol/Jl <Jl> j i^j^l p 46 cm ; lji*a ^ l^i ^ ^-i; JjjJj <IsS coIp- 1 
97.3 s Jjl ^ 3j_. 19 UjU j 6 loJI Liill ^ J] J-»3 4ii t 3j> oSjj ^ 9.6 cm Ujjj oLu Ji-i 

• <- (-*) V 35>JI Sjjj (o) ? <4*JI {i) <*S U . Uj^ jju 

Ujjs iiL L^-Lii on 4juJI 4 1 ^*. Jjj pj ^IjJI L-JL j^L ^ 1 ^ Ljil> 44 . 2 

> i*J L . 0 ^ av jiiJl 3^0 SipJl oL iLo J] Jj^U 268 a *,ji li,; J^jJI li* 8.75 cm 

• <*-> (-) ? Ojjj (v) r <5 j>JI Jjj: (i) 

.i*_>Jl -ult jljj, L . Ojl» jj 0.28 N ijxi J^> jj*; ji* 42 cm jUUa 4* j>)l5 ^ 4 J^; jj*l . 3 

? 3.35 cm jIjJL <Jj'jLa;i ji* 44 II o^LiJi 

Lx 12.5 cm L*j^j <iLu a L . n l 300 N 3y yJl L j ‘ 4 * Jiik^l ^jL J ^**1 - 4 

t w ?^ 1 Lx 44 JI y iijliil j^l olb jijJu U . ^1 
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JDL 


10 12 14 16 IB 


14-1 fJSA 











(Oji^ji is-MJ ^iisji jjiUJi) > j*ji 

5,0 cm jIjjUj JoLi k * 120 N/m -d Jjojll ouli dJyj cijk ji 250 g l»jjj <li5 old - 5 
, CwiL» L» jij*J Juu <JLi2Jl <ti»> (y) ; jljji'il v*J L»JOf ■diill Ifiy ( I ) Jk>jl , lj> Jy» yljj')ll £Ojj 
^Jp 0.06 N L»jjJ ly olxL . 'i jiii ^L* jif 75g Ujjs iliSj jj^l J*f* Jyj ,)* ofi* il/a- 6 
UjjjAj <k>J lyLy (y) . (jlji'il L»jjy Of- 4jj5JI <fy ( I ) Of) I . 7.8 Cm jl jiy ojljjul ouyJ dJyjJI 
jj 9.0 cm L»jjj uLu L k * J u« dly^l jl5j 1650 N/m iojj* JU1»( iioj ji o_JL JyjJl oyli jl£ lij _ 7 
V viouJI |> 22 g LfillS 4 jU 1» Iff jlkxi l C-J* jOji l*j % _yuuJl <Jl> 

14-4 j 14-3 yUuaiJI 

dyjjll OuUj 40 cm ISyJl low owLS Ijli . Jyuj J jo j V&y *Sj> y 3.5 kg WjUu ili5 yjjjjj - 8 
. 20 cm (->) v 0 cm (y) . 40 cm (i) lfL>t}[ j£j Lop ILiifi lLxt» j>ji c 150 N/m 
Utjji loy »LUI 21 cm/s jjoili ji i»y djwjll ^Ltu ^ 450 g UjIjL <1iS cuokU _ 9 
3.0 cm mj yjSJ 1 »jup SJoSJI <L>vPj 4P_y (_>) i iliiU iUf ^osi (y) i Jyjll culi (I) jj*j 1 . 4.2 cm 

• u'P £*y u* 

jljuul lulj ki>< Jt jjuJL iiLi oulij iij£! y«L 'j$ji jj 26 cm UjLd <_5,r>> ijilj cuwj . 10 ■ 

Uilj 4iPy ,ijLo «iy>y y*UJ j^tfJl Ja-iJl Ji Uljjj Ijji jii (IS cjyi y-11 . 3.75 m/s Lfiul 

. <J$j> JoP U*P (y) I jJiJI ’LSj> JJy ( 1 ) Jl>jI . oLy'il JJj j itiill lij-> 

.JtUlfijsjJ (->) 

JjJsj UUaJj ^yxllj jLoJJI yolaiJl-; J-H y 3100 m l* lijljil l6_yu Jj> jplo« yj .111 

(ijl—uJ dy^ j-*i) jijkJ Jt***l' oliiwt jIp Jy*li ilvu ^1. 4.2 x 10 7 m 
» Lkill iiy» JJ^J { i ) J>ji . JLJI jLpj’il ^pLaJI yii\ \Sj> <P_y <i$y Uilj IfJPy 

. LfiPj-i (->) t lly jjldu op <LUI <LkP (y) 

ouli w) b . 80.5 s <US ojjj 33 ^ yl j>j ojf ^ 160 g Ujji <li^ jJ«j op . 12 


. 19.5 s jjjJ tjjj 12 jloio Jioi JJj jJpi JJ jjloJI 3_» jlylo-Mij Lyi Sjl^w J><j k>ll -13 
: 45 kg jolilsJJ oJill lli5Jl Co 15 Ijj (y) . 1450 kg Ifiljtf ji jaju OjUJI joLu |»IU dJ^juyi Ouli ( I ) 

? Ifu j^UiJI Uoc AjUJI JyM £&jj jjj jijj 


-nsm- 


R j 

—J 


l ]^Lil>u J_ulu( jil5i>l 'i Ji\ |>%kw jlf 0.85 kg C&5 yll3 jiiy. 14 ■ 
Ijli . 14-2 f JSutlL llij i k t j A, Lulili J^jl® <3* 
A_i>ljJ joy yJlill jjji ^1^5 1 k t = 34 N/m i fcj = 44 N/m yl5 


14-Z ^ JJuJ , lj> <5ji y ^1® 

jyyj £,f j_5o <li5JI ji cuil. Y <) ^ J^lwj A t*]»iu l>Laj L *jy» diL o^L y m UjIjo liS oii». 15 ■ 
. /*-( 1/2 tiUYILm «jjS Jjjo Jloi Jlj JpI JJ 

14-5 ^uO! 

ju>y . i = 18 sin (3.7 1) cm l jUII* <toJ ji jj 4i>ljJ ^lyy Cllj CUi Jyj JjL ji '/£ - 16 ■ 

* Jyjll oyli lyj Ui, 520 g JjLi Ml odl5 lilj { J ) >55yj! ijy (y-) 4 i5pJI JJj5 (y) c4$^Jl <*- (i) 
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( i^lyJI lifdirfjJJ ^lill jjjlill) jitt 

(*) ^jl • y * 9.4 sin (6.8/) cm <JjL* 11 ILL JiJ JJj Jl Jjij (JjL y &L 165 g Ujji ib$ jifi. 17 ■ 

. iSyJl OjjJ ( J ) (, iSj >Jl JJj] l <5j>JI Uw (O) t djfjjll 

. SI cAu^ll yidJ I x(f) «5UJI yiSl jl t I>jjl J <IIjS 5 ilLil y <L£)I ^ O-jll ytf! . 18 
y->y i jJ jljj'il £~i>y j-» 2.95 cm Ljjji oLm iljjj «_iji y j*.*. 0.88 kg UjIjL <l1i 5 oxi . 19 ■ 

UIjS *—j jJl UjUj i—i_lii ( I ) i k - 40 N/m |t. i *. ' i. J i cub jl cuL jl) i j^S~Ji j* ojy. y * jyJJ 
/ = 0.5 h, 1.0 », 2.0solkaJUl J5i*io>ji(v). uin^jjly 

<_b£!l Jj*jl piUl jtjll (_>.), Uj^>j i*i \j» viJU) SiyJi ^ LaL J| aJjSJI J^aj / lui jyjl (_*) 

. iji J ji x = -1.50cm ^yi Jl 

14-6 f-iM 

JjU; jdl Ji ji Oj) V yi)l (y) I V jijH\ (i) 2.0 s , 5 Jill <Lj Jjjj^ JjL L*. 20 

. Lj/Lj i j# 4 juuJI yi la /j a 3 /j iji . ji^ll JJjI Jliil <1)11 Lii>l J Jy j'ijiju - 21 
^ jlJI jL£ UjLu ^y y <LL JLiL ay3l c>j* Lxlc* i ly. dy y ui ojly llit> JjjL ^jl. 22 ■ 

. 60° IJuSl Ljlj jl cuJI. iyjl jj JL-> 

yUIL _jjJl rk~, jyL~* xJL 1000 s Ojji y oLjjjJI ji 499.0 ayi bip 99.2 cm <JjL J»ib . 23 
. ‘l_JX-'lll Jx> J LJ* y—>Jl Usu ±>y Liic 1000 H J5(i oLj 500.5 J^iiuJl jJj >wim I jUill 

, lly-'lll Jx> Juij JUUI oLaII JjX g yj ai V_W>I 

y_i^Jl Ijjk Jtf Lj jl»Jl axi fUi ji t iljii jx V OJjlj uul> ySjS dJu OJ^.j (ji vjjltfJ . 24 
yl^ ijji. 178 6 jyUuu <(ix>j 100 JS jl oj>y 1,0 m <Jy> iyy JjjL ^Ij>i^I ojy ^Sj »Ljy yliL dJ'ilj 
7 y£j£ll li» jlc dljj y Li. 635 N yi^1 jic djjj 

JliJL jiill djj^l la* J<«ji-il y dj*J)ll 300 g Lyji aJjS oil> . 30.5 cm ^yvJsJl Jy> djjj _ 25 ■ 
cuU x>ji t g - 9.80 m/s 2 ji oaJL - 1-45 s JjjuuJI ljj> 5 jj jl i> j , L»JI jLo Lxy Jjjld 4J 111*11 

. ^oxlJl dylyJi 

14-10 J| 14-8 

aifJ I jyjl (1) i>ji. 25 cm/« LjIjL If^u j*jl Jl Jt 14-3 p JSdJL i>jyi i>yi dyJu . 26 

, l*jjJ ( J ) ‘ Ljjy (-*) i lf*~, (y) i i^yi ( 0 



i 





(Oj1j>Jl LiuLojii jjiUl jjjlill) p fcjljJI JmaaJI 

Ijj f j y u J^ *-ci L» . y = y n »in [2nft) ii^Ull Lu3 y>yi 'Jxjj 3-14 ^ JfLsJl ^ A *Li3!L L»jil ^*3 Ljk _ 27 

? 38 crn/s i>yi lcj_/ cJli 

<-»U j>jil Jjtll <**t l», 3 x 10® m/x LJjc <ij-u ll ji (ot>jll) jjjiyi J**" - 28 

? 1450 Hz tjji jj yj JLjJ <li>« L^lu c> j^«j 

1 520 nm Jl^> ^>yi jy»ll jlS Oli. 3 x 10® m/x kyjiu ic^-u tl^Jl ji tyill ol>^ . 29 

v 0 l>yi 1 j» jjjj Li 

. 2.2 x ik> «_iiyi Ji*j 5&S 1-14 ^ JiiJl Jj _ 30 

V 4*"®}* Jl f J&JL ^« ‘»u» yi i^i l i ul ll ^4 Ji Jjaj jiJ p)UI ^*jll La _ 31 

V 46.5 m/x JxjaJI ^1c ol>ylI icj— j^5u ^3> 175 cm JjL lu> yy» J* lyuLu pj^Ul <l3ill Jjii L. 32 

, 0.855 g (jjLu LojJl jj 5 tn Uju 

CLum XjS- *J>jK L-m Ciy J_jl»JI j-aii , 55 g Cm Jj-Wl Jill ifcii k 34 HI Lflu oLll Jjili J*» . 33 

, ji xijl jlji* La , Cl Jo Ji Jj J r yi ji 0.37 S OjJ li»j 
( I ) . 2.20 m cjy> JjJui* y) ^A kii^c 0^4 JHLi4 J>y J-u jt)£j ^1 180 Hz IJjy jifi pJ»lJ - 34 

? oi>yi ni» ^ l. (u-») ? ^uj ^yi Jyji y i» 

j_ajJ jiJ yyi y p>Ul juill «i Ui i 1.70 g/m j^Lu 34 ULtlL yyi jj jyaJI 5 j>j <Jj£ oal5 Ijj. 35 

? «L>j jaUi ^yi j-ji ^ 

V 35 j 34 jMiLdb j/oil J>yi jU 4 ^ j>y j-J ^jSlI iiJI L _ 36 ■ 
^y£j i /L*i jxSU o>J Jifj 12.5 m Ujjj bLu j>^(I L*Ai*i j«m ^*lli ju Ijjxli liL ^1 k>^ . 37 ■ 
JUl llfj jifil JLJI ji rJUII o^aJl jjy jlij . ( JLJl Ji> ju 0 Laui v3JL ) J-aUL o^p 
V JJl J jJJl jloiu U» i 4.5 g/m dLLJJ cJUJl iitti)! ;,i ci*k tjli. 43 Hz 
V cJUJl oW ( jJLcSli cJu ))\ oijjyll j* U , 256 Hz ^Ll jjJ u cijL jj kiuli ja*j j\ ^ _ 38 
, jjyi lijJ j J>i cjjjj oljjjj ijUji Cal k-ilil . 145 Hz Ojji JJ JL Uli ki;^j jl j3j jji - 39 
V yJJ jjyJl *a L . 950 Hz Jilll ^k'il sjj^ 760 Hz ci^JI oijjjJ j> 1 jjj . 40 ■ 

, J_jyl ijyjl jLJI JJt>j jiljj » yjjll jie iL^>aj jjj jjLaJI lA/yii I cJj ijjlp . 41 ■ 

Ojjj m> jlfi i^*i-gl JijUII caj Ujle rJUl JJjill yi Li • 440 Hz ^>JI jjJJ jjjill jli tij (t) 

Y 1100 Hz j-jLSI Jjjkll ^aJ lfu>aj iljUl «-aj jl l-lXj jjl (l_i) f j JaJI <j_ij yj jj^l J ji 
jjjJI ^Li Ualcj ciy> a>i alp utijjj plAjLiU jy» jljjpl <JL> j 3.60 m 0jj3 JL> Jj jIm Jjjjj cij - 42 
j* L» . ( WjUl jLp jajjip L^jJ Lj ) jap ^a> vIp oJ^Sa kiMAj Ljjjj Ijlyul J*»l 4.5 Hz jiUJl 

t ciyji ouyi <p^ 

jLjp'i Mli <>jjj iyM c-o 0.65 g/m ciyjl 4jiCi ^lii y_j jijL j> 1 Jj yL> Jif* J*j. 43 ■ 
jjJl JjJJl oik I3li. jlfll jt 1.80 m jam 5j£j ^Ip jj^ll yu). 3j£Jl 4>>ll jLjiU ij*p JJLII li* 
f g) (i) J] yyi ^ jk JuwJJ Cj’jUl <13531 y Li t <i!3iM J3i »j£J< Ji i))y JAa yyj 

• *>J/ ^ (-^) • ol J/ (y) 
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( irfjl J>i\ ^IDl ^lill )ji*Q 1/ >U! 


i»U JjLw 

jif 5j-> i^waiu aJJ> ^LSII » f L-*jj f) 21.5 cm Lfi*—« ib^y }Sj> ^\j JjxL - 44 ■ 
CjljJ_ji)l jit , JL,| JJj ^Ifl Jj <*j iyjidl -uLL>JI il^xjJ y^LSU <Liiiill oljJjjJl jitj . ^jLdl ok* 

L» (I) Jl—■ii JJ <-£^Jl ij_y L»jit y*L^5Jl j»_j l^ kv j yLu <wja!i uixJl ^)l .k> jL lj> ZJUli 

? Jt-Mj'il lift Ojit drJJv JJjrf Jii ^4 U (y) ? 4it JLilUl ^ ifijuil 4*1 x 11 ijL^U LaJukP y-L£H vij-aill 

*lil j-t *!ij fji oy*t fj laKM Jj]» <li£ kiiiJ . 45 ■ 

c»iw c-sjllu ixy l^Uj jlja»')ll ji 4ii£JI ol* Jyjll y.j*z j uy . 9.500°C 
C^jj o_xyi , jlji-»'!ll O- 6 kJLly Ljjitj . ( cjkjjDl) JlSuL>^ll 

LokUl -H ^LSJ ouix, <-Lllj kUyij uaaij J^jll oLS |jjj . 19.625°C i ; lj*Jl 
*r Jyyii j* ois oiyi jIjl L (i) 195 g *lli <> L*s L^xji 
? ^W i „ ill Jyjll cull p Us i 5.8cm jIjLj oljJl j IkUiU Jjfjjll ylS lj[ (y) 
C*Jl5j ; U lJj.x)I JJLi yfJyUl 4_>jiU i_yili Jt ^.jl ji£ J1L y« OaS cuusj . 46 M 
iij A J^JJl .y iwy iiJu yAxi yJu . (14-4 ^ Jii) L y B j| A & U£JI liLlI 
(\Jli\-Jgl2L UjjJI Uy-u Ajiily ISiy J^xii JjLJl jl o$ . yj^jull y JiUI 

3jiA«Jl oLjujJl *Jl> y 14-5 ^ JiLiJU r-i>y\ JjjuuJl jjj j j>jl„ 47 ■■ 

UajxI » yjiujUJl yUL> j ft jhjjAji ^Lidl <>Ll< ^_i yL^Luj jliL . 48 ■■ 
yLall fjUnll JUl ^ T] jdl jlSj . y« yLJI (> ^At 

jyS) ji yyv j-L'il jj^ilL Cmj jixu viu>j 

jjjilU (!) I T { yUj# 4 <yjj f j^ui ^Sl i> ^LJI dLJI y Jjjl UJ 
V W151I (y) T ^LSl 

J> ^JUUu ujyi ^ 0^* i^L. 49 ■ 

4_»jJ J—it lilt yl^l iuUI 3It yyuj . <ijj JUa[ jSLU t ll.flll yl yyi 

JJ-^J ‘L«ij . 0.3333 s JjjuuJl ijjj fijSj vi27“C Ujji 5jlj_> 

4_>jJ O-mJjI ‘l^_II i.i ufr J_LJ flJui (JjLeu ^1 jjlxJl 

^ |»i IcLJl »j» ^jZJ Ja . 38°C J! If; <pUI l*y Jill li^JI 3jl^> 

? ^1 SjljjJl O.J Jit 12h JMi. ffljill lulljljii U f JjytJl >j« 
ij_» ^ 90 kg 4jJb5 Jxj Jit Ujitj . yjiJl *QI jskw jl* JL ,| 0.85 ^t^Ul <ijj -U,. - 50 ■■ 

yJU)'l 3jl j! tyll ( i ) , *Ul Jy~*t ji yjUl 4jvk- kl^X; *Ul <b^UI Jjj j" jjUl 
jiii Ujit iJ^laU j I jit'll I JJjij ptliill IjfJ i)_yjl I Cull Jk»ji (y) . uJUII jLf JjJjll 

LfJUa| ( |j£ 4)! i^jjUl iliLJl 3j«jJI olyiill yiyiil , *jji yt JjfcjJt 
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5 f JSi 


A* U 

V ' ’ J 

14-4 ^ Jii 












^jjl L_l> Jl tfyJI pjjklii jiitiii jS'l 

yj i^»Jl j-> o!r* jSfi j^LJl J-mJI j 

, lu3 l^jlj J> ■U*j C>»_ttll 4—J ,J ■*■ 'i'j , O^oJl 

^ *4-"^ L-Jjjjj ^3 ^ U^! 

j-» Ijjii ji I>j ijfcJj . Up*C <U>j[l <4 jaJI 

j_L0u Ujj LiiLUg U 4_JjUoi-, ^1 jliiSlj &1+1I 

fljJ^ ‘■j—oil Ll_iljj ^_» LjJ *_u*i L^J 

. <^^11 <5jaJI yj i5j>l 



O^aJI U& 15-1 


aijk ojLi *lj_i , Luyb 3 jU j! jj JiSi ol>j-» jM oLv^I 

oL>jil ijyj 4_*H jl <LuJ^ ol_>jll oj_» LJujj . Vjtf pi iliL pi <JL» iblll 
jLuaJI jJ< j_S jJ yi L ' uSw ixi^l jjLoii <1 mI j*j , k>aJI Ja^yi ji *jkcLull 
jj JjLuj ^ oj-aIIj . Ojli Uijii yXtiil jUJIj ijifll <j3yo)l JL>*ilj ji$Jl 
olw)' >u*-JJl Ojj»Jij . u>jii olkilkJl Jij Lfiiu ^1 ojUI jykj pj*l £lyJi 
J ^_i pijJLji ‘ *I^JI ,> **/ Jkb Oji ^ l"' j» 

■ J! J*>5 jl 4^*i! V *4^ 5jU JI!j» y*Ji i y»>x!l 

J-L—li *A Ijjk y'tf il^jjl jf Lu^-aJl oU^ll jlAUl jic LLl > hn’ij LuLuJkl y[ 

J-J <30 Jj! jiij OjO yji Ji £*J . U^jJ £*«Jl C*l> 
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( o vaJI ) jip j-u>LiJI JaaJI 



:15-1 Jti 
g^-Jt jj-J jkjifci ji)i 
OL. itf .Uaj iUuil j — 1 | QU j 

■ ji Itlf juiZu 


V —J _U Lujl ] UJUJ> Ijj Lul y V_U_J| *i IjAj , lljfj! j} ill J^lyjlj Jjl vJl 

‘I*.#—Ill jj <**-3 0 1 j'^ 1 t' 1 ^' £|*- tiff LLiv oos*.'i &Ji 

" ‘ , | <j'lj »jU oy»JI gi ja . J^ ofy 

oljj Jjl jj Ijjji Ji! y ijrfii Jjil jpj gl giv Ova!I Ciljj y gLi l UiljL IfCltw 

Utf'li r Ui y yy» gj'il giiLL k jjS'l ■>' yJl 

. yU5Jt lif 

tl^JI j 4jjyJI ol>yi 15-2 

if-jl jlf*Jl , LL^ 13^9 ( <jya j£j ) jlf*a JaP $1 gayiJ 

1^1} yi-^ 6* *&H ■ \)J\ y-“ k *»/ »lt 0* jj*4 *lii ja 

A-tLS j_lt Jv ) . 15-1 JULf jv t> Li" i F ■uiLu iy p b o>J 
, ( pt £-Ul J-oill y *. v J e UJI jyUl iJjJ jL> iyjl BJJb JjA>JI 
dli# L)^5 l» i 4_»U »I^_J! I rtV tt; oli jaull JJ 15-1 JiLilb jjjl JyLL| liJutf 
■uUi L$jli jLaJl JJ ISjXu jjJI ijb <Jj>J yj . ‘I^JI y jiLL LLiLu 
LajI JILL i_il_Jvo , jl li»j i JSJLmJI ki olj tljfjl w o <lLat 

g* kiwj3 O^jlS ol^ *JaJI :i* jljSifJ . «ljfJI y yii/j jlf»Jl gl tjjJj 
4_wlxU j-iii3 yJl i oUspUuI! i oL^ljL^'il j-» <UL>L 

JI )ia ju L^Lu Jii» ,)i JJj . »l^fJl y p laj>i 

. J^UI JtfUtJI y s )u r j£ Ullalli yJlj i Jjjjj jlc iUkcLaaJl oL>^U 
A, B, C oj> ‘ J>UI5 jlfx* {> <i\uil Cvjll 15-2 J£iJI yvji 
J£jJI Jlv killj JJ iiLi%j . o5L*l*all P, Q, R JlLi ULu i olkiLiJI Jl«3 
gl LJxtf^U ,M i CuJJ JbaJ y Cy vvH i>^l tift J^iu J^fJl luva Lcui 15-2 
j-vj • y y f-/ li* y yiSi Jx>Ji iy-u yu JmjJi 

Aj^il? k i» M l * 4 ji ji rtl l l>yi y O^LkliJlj ollaiLaill ji J^jjb gjj>jl 

j*i i—Si UUl y 0.01 Jly- yp U oljfUJI ojl» ji jj t *I^JI LUa y ll> 

. L> LJUl oI^mb^J cu* 1J^ y> ImJJI 
j^aSS 1l j>l y^ jAum ji jl jLf^a (/• <i»> i ll Cy^kll ol>yi <y jaLsJi g« 
i>* j-ia! djj j-t "iju LfJlIj i kii j>Ij obtfji y k> y jjJL »jU 
LUSLm cSjxll oLv ju ti-Jl )L» ^filj . oUIaSIII y jjuJl 
lJ-i Ji Ixjtj ‘ jM jXa»« g» o »ii. i > *U i>j4 Jmj jjjl i 15-3 Jiill J] ^>yi 
a_^> Jl ^_JJI jl_i J£Jl lip jj ,jjj L5i . i_j 15-3 JijJL Uul litijhUj r-ay 
5j'o} o Liij jJIjj OyA j_l> j^Sj ( <j>J l olfji^JU La y-J^ ) 

5yj5 otiLwkt Jj ^Jjl J~3J aXVj . jJuaH gp JJJUx* lpSj> »Ul 3j_>k) 
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( oyA ) ji* >i)1 

, ii_> iUjUxJi jfy il> j5ijJi *i* p-* j^ 1 J! lj ^ 

^ jjujuw i^jii jj-jji! ,> ij^ ^ jip p *<>>♦ p j! yti •jj* r 5 ^ 

oL*jll djj ^ »Uy . *ui jsL- ^ Uj^ ‘liii 4o*J -<1*1 

^ LjJ *P< t u j-»r j^ 3 - ^ 1 ^P* 11 U P" *® "’■ w11 
. 1l» jji- L$ jlJil ^ oi^yi 



;15 2 Jii 

j-* **>-»* **>*» 

fcfij* l»*i CJj i> 

^-JJiUll i/J 31 

yJO.01 jbU*)l .ift 

. >i jiiliUJl 


:15~SJU 

jlj>j 

•(P> 



4o>>* ul+i» 




jJy *ll ^ li4v UIW I*-** J-*J 15-3 J^ bwi^l *<5111 oltjllj 
l+J**; jSll «31UI o|i i*jll jlsaJI auJI «' 

•iw . Jiill 5*il "J& i>*ll ijlsAJtf k *<>*JI U*5 l*^ 1 **' BJ 
o>yi ol<_pl 6' jl» ^ ^ 

Lj^ **iSl J! Jp= 

jJ-fl ll ^ ll> Ej-jju jjJJ Uofr Ojljifl up Ui^l ul» • tep °W 

. ijpl' **jW J ^ 1 j*P 

I 'jli oS3j, »ljfl1 J IfiyA oWjl' SJU j» j*S .* J! JS <f* 
xfr *<j/ op W *W <# ‘ J ^ 1 ^ yL> ji * ^ 
L^pl ol»p «j* *lfrO! o#»l52y • J*<JI *<5155 «M »!* ^ Pj J J^ 1 
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(--Li OjLlj ^LJ Jj Jjkjj ) s jJxoIl i> ojuy LIS LkjjjJ 
. iyi-Jl oLk>Ib ol*jli ok ^ dliJj 4 jjuJi jj k-Jb <j* 
f-i 0-*} ‘ c»1(_a>JI ^JL j^Sj o-Sl jli iiiUI UUI LSj 

<*jUi oi*yi ^ >ji £. Cfcl ^ <*^1 *j& 
i 15-3 J— 5 LiJl LoJIjjl oUyj 4j±\ U- J L*i U&y 

L»*w kLj £-4 jU—L l+U- J ‘ (IkJ ^jl^ 1 ) 

ir SM tj*l^ll ok JSJI jbuillj p2Jl j# jjUl **jJ <> £-»>j >j*j * 

Uom ajL^j \’j£ jljjJ iu>y 4 jl> Jfi Qyj Lkjll I^LjO ^1 ulUl ji iik» 
olS^jJI jl jbjSl ^k *l*jll jlWI ilU s^j*J 1 o^l^JI »kj . yA\ p 

Mj. kk JLJ-Ij ^ isi 4 jl 

oi^ J**Jl killi c-uyi <Jl» ^ jOaII j* jjjj kjSl ji JyJl l"i<tj uuuJl 
jk oU=JI £jy ijy iyxaJl jki JLflu ojb^ <aw^I oj^j , jaJI 
*iL>yi L1L> j <iu>* K ijlkl j ydiUI Ik jSlj , jlyL,b ijjljit UL* ji Jk. 
j olki Jiii: Jy p ^ oji^u yyuli ol*jli bvil jS dJjj. ki i*yji 
. ottyli *Sj> p J53 K JbJbj j><j »M 


Oy)\ <U yl 15-3 


: <&*)(* JuC juJu y Jt li/Ul ob>jil by ji r* (VljJI J-*II ^ LLj 


u = 



(14-18) 


>Ij 4 D J^i jLJl jj lUjJLUi UiLu 
j-X tjiklj . ijjlc. l ip>v 

. l*|jij ujk k j« ( i ) 

(y) y koi^l i^ Li 
. U>k k>4 j4 Je i k>v jlJtflal 


; Li^ll IlLa)I J^a)l j« Col> <Jl> okj 



( j-*J ■ M ^ ji £yj ik ^k 

J|La* 4 ds Mj» O^LkikjJlj oUkUill Ul> ^ Ojlu^Vl iyis i J*i)b ^yk^> 
lijLki k_—<yi UL> , k-.yi ijUJ y> ^’Ijjl J^aijl JjU jl b5 i k-yi 
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(oyJI) jut uju»L>JI JmmJI 


rjyt JjLu ft uwUll Ujjll Jjbu uj^i l 4&jl k_u«oj _}i iHJlS t A*Jl 
i—ljjii J*U* ^IjlxLiI ijlSlj ijilli l»Lj^ll Ul» ji l*i i Y 

; Oj_oJl ifj-J OibH^' L* & d ■ B 



(15-1) 

: j i ( aaJI j jl>i L_yjj) 

(15-2) 


. (jLySl 1^)115 iL^iU ) 
. oljUJl j o^J! i* r <Jl> ^ (15-2) Wl jfll j#LJ 
jLill If-J LuLfljj ^Jjl LJlmJI B J*wd LO oljUJl *Jl> ji 
, P jUU! iuu? B 4m>>JI iijjll J*l«* oji ytf Ijli 

£>A»j jUJl ,> yi-a |k*> l*)l! jjy <> 'M*' 1 ^U**'"**' 1 0% 

. J-»Lu ^1 <iijJ>J L>j JU* U» Ouj-i Ll*i UjjL 


( 10-1 LbUll ) JU1I jUll Oy'j JUJg . ^LLii d£ oILpLbJI m* $ 4*Uj 
oLkcLaiJl DU B - yP ji oLu] oU«Jl j* J*L LS* 


: 15-1 JjJ> 




} I 

>jUI 

..y 

316 

£*>r^ 

965 


1284 

Ort-i)'*** 

1402 

♦L 

1482 

(20°C)vL 

1543 

(50 n C) *U 

5100 

f^' 

3560 

j-Lj 

5130 



pJU 0 a C \>y ai* LU» ^ill »i-» o 


. Jj ^li y-H 

v/w ‘W j-» kr- ^ • 
: IbUll O/JI ij\y ifjj i>* 
v * 331.45 + 0.61 7Ws 


. y = C p /C # c «^l 

: a)UL Jllil jLill y o^Jl Jo*j \ jil 

u- £ 

V P 


(15-3) 

; Jtiit* 4i ; l j> i*jJ STSh, jLJ< ^ JUU jU)l tyili 0% 

P _ nRT _ fti RT _ qBT_ 

V ~V M ^ M 

, ^jj , jLill LLj*JI j! LjjJI <Ju5Jl Af i jLAJI j_* n mole« *1^ rn >iu> 
; J jl>J (3-15) UjUIi ji ii^LJl u* <> P j* jitydlj 

V = JW (15 ' 4) 

V M 

LJjUJJ lLl> p j P & jf Js> 1>>H itj- jl«£l ()i *Ji>^4 ^fll i^j 
yjjj jji jlJUl 5jl^ i»jJ o' (1S-4) dtp 1 ^ ■** ^ 15-3) 

. OjJl \fiy» V 0**ii jill Jf>y' * 0 '^' i)D' 

. 0 K C Jiyi y>*j ji f<*!' 15-1 

, T £ tlj^Jl jv yX p JjO^Jl li* \+l\> y j5i U JUU 
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15-1 j>±*y Jli* 
. 0 C C o^lll jli J v r Jjfcji 








( OjjJI ) JjP jdrfbJl J-AisJI 



:llWjfcS 

jt-t’ ij _*5 m vs jk u>ol Sx. 

jj—£ J . Vj JSi Vuul ij» j 

i—»>*S jLSU »U 3 v>^ 

. ^>U 


M = 20.18 kg/kmol ^ £_ (15-4) U>U1I f ljia-l LiS* : jfa JVji-l 
! • (12-1 JjXfJl) Y = 1.66 <jjj 1 SjUl iijl>I jU jl »iu>j 



(1.66X8314 J/kmol.K)(273 K) 
\ 20.18 kg/mol 


SjjJI jjl>l A jUJI , M uluvJl <JiSJl jJu LfJ oUH. (jljU ; 

1.09 : . u A lv B V^ 1 jllwfl jU)lj 


5j&It jjLxij sjoJI 15-4 

t_Jy| olUl j3j jit 4 .>y tijJI jJuaII (jl yhs> £j|jJl J_ajJl ^ Lulj 

oL»yi o~Jj i 4 -m vUjJI J-*>j oL>jll ^ul> J ^Jiyij . l_>jll ^ 
* 5L1* k 15-2 j 15-1 . ijpUll ojj» j* ‘LuiJ VwoJI 

. i>jl( jLiul oL>ol J Jiui oLbJl «i»j ( VyJI V*j]l OllaJI jXAl 
<Jj—<j » 15-4 JJuULj jdl jliSJ'il oL>ol ^ Jj>13 Vj*> c*j* jl 
jjJUJJ i HJjIJ LjjaJj . i->yi »x* ^113UJI vyi ox* <Jy6 

i>X_i U4/«J LiiSu IjjSJkj , jk US . oUjI ^ 4>L* 0A>j 

. vy^J' j> ox» ULll »x>j jtf. i>yI U_Uxi jti\ owl L^t, / v^ll 
: jjl \ <CyUJl y Oouil oUsJI jk 5jj*)l jl 

. <>yI jLllii obol Jfi liJuf i>Lu AX>j jtA AjUl ftjjJLll jh Ov-aJl Sxi 


oxS 15-2 JjJjfcJI ^>yj i Jit JSJ J>iyi jA SI pliilil ji o^Jl ox* xilx>jj 

^>ui jjji oyji oxi jjj ji k>i. >x>yi i'm o ujl oyiii oi^»Si ^ 

, V*L>JI J>i< ^ jlfe yj*lll J 6^ li»j t ll>. 4*^J J 
ol^Vl joaj Ex ii jjjmttj ij&J 4+HjiuJi pill 15-2 Jjd> 


SxiJl J^La 

M) 

bxjJI 

(Wlm*) 


120 

1 

^)jU Ojdjl 

100 

10 2 

«jj5L* jl J>j«Jdl »ljfJL JuO jjJl jjXaJI 

700 

10' 5 

W 

60 

10 6 

•jMII ybUSlt 

20 

lO" 10 

VUijlIl k«y4 j-4+Jl 

10 

10’ 11 

•^1}| Jui> 

0 

10 12 

jLSJU Jjfcjul OuaJl 


jXall ^4 (^iJJ vJL • 
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(opJi) jh* jduiUJi j-uJi 


t_wljuu Ojjl sju i objjLu udl>i L^uLsL,I jl j^lll jalf> p#l Jj> 

j*Jj (/j/Zj) yA jjJpd 5IL*L»J jl i 1 yjj £< 
tjiJI JjJ-»J j* Oj* p it*} • V^i J/?* 

J/y . j^HrfjJI j-ljL ( O^Jl ji 

o^aJI jjju«j (dB) ■ 10 log y- (15-5) 

*a 


; L*JU jJ> . / 0 ; ( jli JSi J»iyi^ ) ^LJI ojdl iii J» l «ii*> 
jl L>'l . 10' w W/m 2 jjLoj jliJl, jjSi -u*-; ^jJl o y*U Ui Jii 1 liiij 
• j* fy 4 -" J* 1 5x1 

10 log j-=101og^-jj- = 10logl =0dB 


p)SU > i>.j 1I o^all ijui Jji-a jjj t 1 W/m 2 pliU > ij.jII owJl 9JLi jl 


: JjU 


: 15-3 JjJ> 
0 ^luw 


10 log -j- = 10 log—-7- = 10 log 10 12 = 120 dB 
L lO’ 12 


oaiJI 

(dB) 

(W/m 2 ) jjuUI 

0 

10-12 

10 

10' n 

20 

10'° 

30 

10 9 


no 

10' 1 

120 

1 

130 

10 


J| j> ; 1B (bel) 7 10 dB « 

Ju*UI J< f'Jj* J^l-ill 


Jl-MJ j-Uu Jj Oj~aJI CJlmJ jtS- Jui\ pk*Jl t-Uj Jsuusu ^Uill Ijjk jl ^1 
ihy-al\ jjLu Ulllxl (1R p_d 15—2 J^J_xJl j ±u Itiiu . Lit 120 (IB J] 0 jj 
. SjuiJI jj uii>j o^aJ DjJiUll dB p^j 15-3 Jjx>JI j^ ; lwl^> j l^JylD ^i)l 


: 15-2 Jt« 

. 10 5 W/m 2 Lpj^w o-jl dB o^all j>jI 

: (15-5) ibUI ,>: Jiu, J'ifji-I 

£jyei\ Jji-a (dB) 10 log y- = 10 log = 10 log 10 7 
‘0 10’ 1 

= (10)(7) = 70 dB 


dB 46: 4.0 x 10^ W/m 2 Uji SjJ ^l£ll o^JI ^ : u^* 3 


:15-1JCU 

. 35.0 dB CjJi ^t/Lu jlS 15] jx«j Gw o>y 


1 


545. 


1 J^JUaJ 

V ojuifl *r*-»" 01* Jj ! Jl^-* 














tiwjfci 

j-ic- p 11 ;> ^ jjs 
t R, i-u Lf Jt 4 HR* I—Iji UU 
4aflJ UjiU-4>j 
. tjJJ - PlinR* 0^5 


( Oj«»JI) jiit- ^mUJI 

^ ^ILk fja-uo yt> Jji iSy-*}* ^ oM ^r- 11 : 

* <Jjp>Jl *Ju-JI b*-*H jP* 1 " )* l* : J') - 

. 1 Q = 10 l *W/m* ^p. 35.0 dB = 10 log |^-j 

v (log) Ch I £>i-> J*$ : 

0 i j£'£ . 10 jJfi u-i)l UjUIi (antilog) ^Lc^lJi J,!iu iil : 

, antilog (log x) = x 

. 3.50 = log (/// 0 ) ^ J-A>: 10 UjUII <*4 

: O' 04>>U pijjkyil Jfli* i>Lj 
antilog (3.50) = 10 150 = 3160 


anitlog 



: jk J««Lau *JUj ^ j- ■ 3160 : ji| 


I = 3160 / 0 = 3160 (10 12 W/m*) 3.16 x IQ- 9 W/m* 


( ^1 gujSll ): jfciill jJuaII 4Jl> ^ will 15-5 

Ji* jbui Jt v Lpillj iiyx JlilLy ‘ **jl' <*- J 1S~2 ^ia)I ji Li/i 

£4 toJJl jflJuJl lifJ j*-*" 0^' <>* iA ^ 1 C 1 ^ 

^JauJl J( Ulj . ^ 0* oU^I p* y 

L*jJl£ ^Is; jill ULlIf OjUUW '^> l>k »jLul jJ-M J* <4*1*1' jWl '<+*) 1> 

. i>yi ixi 

i PtyL 

L*£ I ji-all J_k Jjl-ill 1**// £*4 ^2 J W<^** j^' kT 1 '’^ 

. ' ■■>I I oL>yi iltliujl O' Jil**)' 'i* j* ® gi4* 

J^JJl lki*e jiiifj . oUIn^I ji a*»'j Bwll gl y**< I 1^'> 

. A, r4Kfl, 2 <u>L»j 1 Ojfll gL» ^k liliJk Ivjj 5 ^ ^ ‘j^ 1 o' 

; j_)Lu jj-ftll |> /?! oLa *LiJ ji jj ojd< ij- I i)j| 

'■■if 

jjSJ B 2 Jju jli jiiJI uli JUly 
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(OjJI) jLf- y^LiJI J-suJl 


/ =-jP_ 

2 4 tf> 

jt jjjiij! j^ U-Jl jt UfJ jjIflUJl j^jU jtj 

HiJ 

: j<AaJI tuyJl jylL OLil v 0JuUI Ji*u CtUJl Ou~sJl <J/j* 

UwljJ [ ^Z> jJUA4 jt Lil^ LjLxu liUl 4jio. ti .ll ol>j!l »xi <_uluj 
. jJutall jt i\Jl *jjt 

CjJ Jl oL>yI Ljli ^jjllu ^lll 4It', ill jjLJI jj bjp dliA jt IxAjj Ijjj 

f j_l*j jjpJKt JjLj Li j) l M ol>yy 4 j1SJI BjlDI j]i t aLii* £i\y JJ 

; vi>yi Jj ji (/1, /2,....) sjjiill olxlll 

', ot s vw. (15 - 6) 


J15-2JH* 

jJusj J->I Lfy lllj* jtj l /) Ujj3 5x-b j y jt JLiw oyJl ji jifi I 

. JjSl jjJl jt ui-Aj JjLJ iiLti Jilc ju 4j£lj CumJI OlLJI Vni jJL> 

j_lj.Uu LUjLufl j-ifcj t*i J>f ' ! l ». <T y j_P ljL_> j^J^AJ jl JiS 

jj jLityJl h 'iMj J-« jJI *J53l 5 j-SJI j* U {I). jJ*ii 

jjJjjJl vJj-C ‘Lilt <—* j j. i jjJl ( ) tXdJI jy~u 4J> La (y) ? ojJl 

Ijjiii Jj'il JyJI ^ijt JJL> ji iaill Jji-y UjUu lw 

I JVbilu/l 

jLi lij 5jj*Jl jjLii jijJuai jt &yll oL*jll Jiti ji> luJl j* U : Jlj-> 

V iiu i_i/Ud Jif LiAlj>J i*J 

4 JUJI tjut 1 Odil jt oaJI gjt u Ly£* C-'Lu ojuSJI y-Luj : 

/, ‘will JLJ 4 yjiSl J^U i*yj / 2 ijJJl jij . / 2 //j = (2/l) / =4 

. ivSl jjfU 
V jbjwJI Ju£ : Jlj-j 

■ L*Ii+h ■ j* (15-6) foUl ^ : W 

Bjw jiiya jiy~*> UjlL* JjS jJjl ij-iLJl UyJI Jfljj ^ ; Jljw 
? / 0 ^<JI i5Jy JjLj *i( 

. ojJJJ j^3 (15-5) iljUll ^ijil-il jiw : 
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(OwJt) jJjfi tnutliJI J^ill 

iJlIlSImJij J»j! 

: ^ LK 1 I »Aill (I) 

L = / 1 + 4/, = 5/, 

: jjLu »o>j J^l SjmJI «jj» j# dB y jyjl (y) 
dB = 10 log j = 10 log 5 * * +7 dB 

3 dB jljUU J 9JuLH Jy~tt jljjj jiijj OjjJl ij-i tluuLaj Ui3 <11 Cull ! JijN 
. log 2 = 0.31103 yi Jb-'ll jm13.iL,*; 


15-6 

^131 u&KI jl ^1*J J>jj , kiiljjjSl jL-i jk jjji ^ jrijJl kjliio 

*j~iLk> I y 0 juS <>jjj ^flljl 4 _l,L> Jil dljjj ; yly^l j J k-u-J Ja^l; J 
jj_i i*jj jj ^Ui illj , jjUJl ^Jl jdiJjl jjj 

j»-j lHJ ■ |*J^LJ of^ll owsJI jjLf>> ji i jl£JL tcLi_i jiiu jjJl o^all 

. jjyj oa^ji jjjiu Uiwu* £4} UiSjj 

JJ My jlf OyJJ jjSl LUiwl JuJjLij 

jyjk>—u “5? jtflill fJaju jt oLljjJI 0^31 Jj . jWlI yijJI jt objjil 
^L>jil jj. 20,000 Hz Jlj_= ^ Ujjj3 ^1 ob>-jll jl»w 
ji« jk^l * OjJI Jaaj <UmJI jjjj ol^jlb <umJ! »k jt Ujj^“ Mjj ^1 
j.31 olj^lll ljM~u jl y»ll)l fku JjkLs! 'i Jill/ . MjlJI *4>b Jt « yfi\ » 
, 20 Hz Jlj> jt Ujjy Ji/ 
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( O^xH ) jjj, J44JI 


Jyjl Ik>\> ; jkjjj . J jjUy 

J^lMl J> ji jjj&wl ; LuLuduJI frb^jiJI 

oLijIjlll *lj-3yl 1 pL-^Sl j_i ll_» iLljju j^ll^l pty 

^ jyi>M jjJLijiiJI **i) ■ oJ**)b »l#5Jlj 
£±->y «j j-* »_^j5 ol» - <AU)I *l^i*Jl ‘Llpj UJJi 0 U- 0 J 1 

^*L**Jl jjOXj jij>'il jiilLjfiJl { jiuu jSjj k LiLfll ii^ull Cllf*> 
ij^lj Ui cUS jJ». Li^kili JStill J_> ^JLjjil! JjjLJI j-i" j* 
JL** cT* <> j^ •j! 1 i^Sl iiilt J! jjiU* j-u 

. U* j^»Uf ju iuy Jbu yj k ojaLuJl ib^iJl 

^ . »> 1 olS^i ji 3 jjjS iSyt j>j jjy J^S’I J*t jlS 

J_Xt J_>J j! 4—I ;Jill •lijjjJl 4_k.ijJili«ll 4aAiSl L i^l^> kicvju oilS 
UlbJ j_i _^xiSt ‘j_>JI jl AJj ifjJI LJU CiljijJiijSII S^lj Wyjl 
yifSl JjjO lejw SjUj 4 jLS Lljj5 ) JjSl (lill J ^ke wilju»i |j j|_S 

. ( jlill J#- jic J^ill ovjti ) 4*»LVl oiJU *\j3>\ \jj j^Sii Mi k ( %* O^UJl OX 

jl ji k ofll ‘Ljj JJ jjLiil Jj-*J 4_U> oljL*i dUi jA*L>JI Jl*i J| Jliilil muj 

*^^1 0-* JJ - 6 j-T^Ua £-* OJ LjJi oljU JXij . oLjj-aJl J] 4j~u L U*il ji jj .yjyjl ^aa>0 

LJLjjiJl ^jLIi j-ukuj . olftUUJI JJ jU/fy JjJaJl J-JJl j*j t J! ^Ij^ 1 j* 1 ij**-_jJl 
rlyjl j-* oUL>Jl jui—v ^ L£m Jj 1 ki/'iSl kilt j* -uix-jJl jXoj uy5 \iy u J| <^jL>uJI UjU^ix» ■•■! ■'y 

, »1» jjJaJl J<wy 

Ji-UJli . iIsjI- 4 1 0-* " 4 - c ^» jJ* J^w«j oLiil ijL-,^11 ofll jj LjSJL^I oij 

UUJI OV* jJk- Ji* UI 4Jl jljw jU ^ ^1 

<JSU JLk* J-oj ji ^Jiyij . jJ^^SJi 4iwl^ jLJl Jil*i)l jj-J <u& j iUAllj 5yji jX& 

■“** o* jyUl ( j~J9Uwj j ^5il Jbvjl u^j jp lj*i$ kJl>y 'i' Liuyi 
LLI Oj lyi£Jj . ijiM iJ_yj 4 jm> j^l jjf-yj . ikkpljJI 0 ^ ji Lkliij L>> 'ilki jjjuUlj vbjjiJl Ji> 

J J J^ jij b* JJ ^ i+J^ 1 > oJtJl jJj k JL>kj ji j*LUl «LUl ji 1 lj> 

jj-*i)U !>>-Jj)lj iiijll j_jiiH y *bjii)l jiiki JUki y j^liUJl jlOy lu3 £pw> ljj» 

Lurtfc* jM oLii A>i 11* jis lijjj ) . <>yu>}\ oli Jii kiiUiVl Jijj ^yjl Jill ^£jjl Ji. J^skxJl jjj j^jJJI 
. (iaii ki*>JJ 1] JL>JI li» J J«J J! \ju+ L*iii ^ , 4JI 8 ; uy jiUl 
j,jl>lyJl jj Lpu>j k^ijLo kii_i> 1 *4-J>LUil JU 4 Ji jJ. 15_^i ^«Ui*l ji *j> ojSj jifP iiij 
J| ^JLii US jjj. oLayi Lilli jl^il flj*L-^ *I^_JI J ^Jl 5^*16 Uljj ^i * ^ijill jj*ji J*»*i 

olili>j itj—JI <_JU ^hJjUaJI ^jjJI oLS^i ; j_ul»LiJl »i^lJ jiilii i ..>i jiii J»7 J ai* UU j* ijliulll 
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, Argonnc Notional Laboratory * 








( o*a !1) yit- ^mUJI 


<H» u. * 1 * « ^ lj* J Ujln ^iJl lull; ijli)! Jl iiU%j . 'iiU 0>J ^LWl £»JI 

■ ^ jill ^Lr^ll Uj k Lulu jj. I V*i 1 < 111 » ull 5 ul 

«i J 3ni J-j <hA* <Jiu- J->J ^j*jS ixy Ui . < Atf J a Sil ‘LjfiJl Jif UjiJl ^LaSi yJLil j) vov*; 

LJUII ^L>jj j-u> LiiUJl <aL>jll Jl») ouiji J jy J,tl Jl jj Jj 4 5xx» ^liLitfl Jl liL»i 

oju. ^ |J LU oludw Jl ^L\ J>[i^3 sti»u JJ), J Ji5\ . (^JJ, . >*ill ^lailj jji-jlljiij j}JIj 

■ 

LiiUl tLjoJl JL* JaaJI jl JWL £.) LUlJl JuJl j*) J] hla'jii i ibbLul .iLvIi »l^ 

'll 4 J 1 xijll (> ^Ji < <ol»*Ji JSliil J*J y^JxJi dokjl y ^uL^l l1l>Ji JJ t (L ’tyti, ojlll <^>11)1 j» ‘Ha# jiSl 

• °*yi u-*^ j* jjaIJI j* yi>j 


oljjjlll x& L*1 . 3000 Hz j» uijiJl; l^J i*J j*i\ Jl <^L> J_a1) 
^j^i <j£*« ,y> O^aJI 5x 1 5j^j 45 jJ^aII i> »1* jt JJiiO yJl 

J-“0 , 113-6 JiiJL £~oyt JJjJl £_4 jiSl i*-L> j j*Ail li»j . «L»U 

i ^LuJ . jjJUI j_> DljS »J-i iSy-* Jii J£-Jl II* ^ ^*>111 

Jlj_> <;xi jfij Ltjlc 1000 Hz ojj j3 ojLJI ^iSfl £tkLu 

iji *Jl 100 Hz ftjjjJ oj_u fLfcu ^i*i?l ol» £j k Lu If Ulu k Jjftll ^ 5 dB 
£*• £U- jti £/Js)lfj J5^l J* 30 dB Jl_j> tijJl jju» fjlS 

jl >-JIxu ( 20,000 Hz j 20 Hz ) £j**JI oj-JI j* yjiJ^ LfJljjy 

. Ij> iju£ Lfixi jjSJ 

j yiiS ^Jiu v^JI o^aJI 5x 1 jyu 15-6 JLUb tfjLJI ^Ixill ^ 


Xlj-^l 5— tiji JlAjiyA 

-uji-A jl Uti4 
(jti >;ll IfuAy u 61 jaVI 11 * ^1 jul 
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(»ij*ll) jLf. y^UJI J«mJI 


jlj i JJ/JI £-* yuudl oxill JjL* jl |»^l jjjill 

Cu^aII oli^LJll oj_» JJU jl jJj <t Llj* i$y-* j*uu 120 dB tjji tjJh 
LfjJ-- 6y~* ol ySi i>jdl jl . jj^ly liib IxL' <-u-u jl j£*j <LJU1 

^DL/ Ijut . < » M i ll L.L" Lljii t ii - 1, 1 jl j_5 i*j *_LjL <L>\yil lali 90 dB Jlj> 

• j**> J| iiJp jl lij^l J! 


o^aII o^jJI l> jj 15-7 



■WW(1) 


( <**j ji) ji** jl5 'jl ye^ll USljjJ j» ojJI i*jj 

Oj^a£ ( Ltuit ) LmVa* jl ( jJlj^joJI l^j'il JJu Oj«aS ( ljl> ) Ulf 

Lu£*j t Oj_dl ji>lj_>y LfJJ^j Oj_Jl i+jJ 5-iljJj . ^bil Ij'jll 

ji <JdU» Luldbi SJjjJl JU jlfttM J»iu Ujic . lfi\ iku«jj| Lj>jJb obu-^l 


J-i4 Jt jW 1 0* ^l 1 O^aII jjS*- Ij jjje fUu 

ijLil ji Owj . ^L^JJI r UJl jjyJ l^jLi Ujjjj jj^j 4 iujb LD <juli> 
JJjiJI (jj Oj-jJJ jj|_jl jl>I ^Ij^ll JL/J^I oLLxj L^aj jj ^jjl jLii'ill 
Oj^jl lit l>jj j^lL ji ijjyaM Ciiiikll iX u* j A J w jl Vkkutjj , 0>lJl 

Will WUIICi»ip.(y) 1 b 

JJj-» JUJIj j!jj_! Jj—. 3)iL»Jl ijjUl jjjJ LUjj Ijjj . j>T OjA l$I o-jJj 

JjJaJI OjnsJl k>jJ jl £*UI Ji>%| kJj~! JjJu£j . jii0 >ll jj i*i»iill 

LjjljJ OuaJI 4-^jJ y -~.»S jjllL>Jl jiiLft jJj . Jj'il Cij-eJl i.»jj j* jlci 

L> J jiuiiuu JJjiJl Ijli ; JJiS riJ^ • 40* 3 ^>*11 JJ jii 

<4AjuJL Cjyail 

jjll olj-jlll j ojIw i'i .jj! jjjlll s±l>» oL>jll jli dJj vm 
<-> jil jj-i jJi ^jiJL ji jJL ^UL» jl All jbji j>i yj lots . 3jU 
dJj jJLaoL; ji jA_xi jl jSjku^j . <Jj <>j* <u OjjIaJI A^j-eJI 
J-aaj ^jjJl ijjjJt _jiU jUS hijU Lfjilp J~u%! ^Jl Iwull jjlL Ljj^ JJj^-u 
J—ajv ^ LAw ‘ i»l5 ^*UI jj& Jj^l <il>Jl ji*. oJ"* iJjl* Wr*! 4 

:15-7 jjJl j_« 4-iLAfi^J Ju-A olj iiuii olusl it (Jjljdl 
4^>J! <hj1 jjil 1L-J k^i __ . 

. jjj Jl -j i' ■■> • j^l>JI ^ AjaaII tjty ji iluiP JU^j 

<jjJ» j-» JdL-i lllyj ljl\Ial Ji J jl j£«j i 14-10 ^_iill Lijlj It^j 

sjjt tLfeJj jjjll <Jw—jl aLwSI jiuu 15-7 J-SulJl rwijjj 4 3o>lj 

v I'g*J-* ^-dl Ci’iWI jj ^i>jll Jljl^Sl jif 4j-*jJI jS Ijixij . ]»L/ill 

, 1:2: 3 : 4 jj£j LLi'ii )±+J j I VLa^i i jjj 4 j_JI jli . f=o/k jl 4iu>j 

j-* JS ji ^«Aj* j* U5 j3jJl jlji»l v 1 ^ j* o* u|* *llij jWj 


(XX) 

i3U» *«*>»(*►) 
y.iVwu^aipi j-aji 

oom 
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( dyo)!) yL ^IjJI 

r*y i PjLh*^ *jj ‘ i> 'fyj . 15—7 J£Jb <**]• i>UjSll 

jjJ> 0.KW y}\ jlfj Jjw t &lj LS t Jj>] ^ ^jiJL 

jljU'Jll . cJyi jJi o Lilly ia_c J AUj ^Lj » ^ 

ji , SjUii ol**jly)l Jlik* ol»j« uy* jjj^JI ^ ^iU)i 

pJail* U*le w**w i Ifity <aJI j JJiki »jlHl olrfiilyJl 

• j »j> y* JjliljJ JSI v-LJi ouxkl IUI 


:15-8 JC 
• >«* <4 jii 

^_iji*J -iiUjiS yt OjrfS L> 
J—L. ^iai > Jil VL LJ j 0 

**u-J (ixJl) iiiAJl Liy JU*> 


jUI 




J 11 k 1 1 1 i 1 



111 


l'"r 

0.5 L 


Jlmilii 


0 500 1000 1500 2000 2500 30 (H) 
(Hz)«pi 



0 500 1000 1500 200 U 2500 3000 

(Hr.)i^ 


L-, Jk; ^ , 0 U5Jl jUjl <> yj jlyp'S 1^ fa i 5 _ 8 j£jj| ^ y) 
iUi ua k>%y . 4 *Jyi 5 j^S/I Jiyl JSLSJI oLiilyll JtoJ jlyu'ii 
<Uj (> iylllij jyji (^yjiyji .uiLrij Uam ol^iyll J 

j_tf lfu-J ^Jl L«dl jj. SjjjLJL JliiJ Jj- afll l^u-j yj| Lull j|i 
• i^lSH jl LiiiyJi 

o^i jo* c>\y>\ <Jl> J UiUii Lyi JlliSl LiJ 15-8 J£JI 
,> _*_St Ijjp ^Lu yUl y 3 J JSJl li» $, jy J LiS^y . u^yi 
j-* j* ^* 1> ‘ *-*<^*11 J! >illj bfc. • jUSJl yy LjUIL oLiiiyil 

jl)L»l jLL LLo 4 iiyoj •Lu yyi Ji ^yjl JjUJi m «|L , yyi 


Ojkll j» l r i ik-y yi^JI yj 

LJlj O LijSll oUilyJl jjp^oLu oykl J j#- U* jik- 
I j* ^li LU Uu> oL>^j ol^l ^u> oili Ijlj. oUjlyJI si# Jliil L^jJI 
o^Vl Lwi 0^1- like, . L^-cyj j_. 1^ ijjJ ol^Vl Jki jw 
ji ci^Jl |»L yj| jjyll,, y^iDI y*« b$+i 'jy* Xju^j 4 jj>lj oyLJl 

o«y olLi y} Ijj_i5 Ijjj j«j Jy, (jli Jj5 , Lii wtoy 

. ij>lj ol^tflll ^*> 

IjL*j o^-Jl jl_5 Ijl L^l>j 4 o>Jl Ly ^x»J Liilj J*JI |> 

‘J—<J 0 *)ll>jl jit Jjj ^ ^jyai\ <>jj jl vlllj . (iLjVilJI jl yUl C/ya£ 
jjyJl J Ulik. ol>^« 3 jp Js. (iyLxj 4 jjyjj liul^ 
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( CJyt 01 ) jin- 


xJj ^ l**~i l >y\*i <> 0« •*■* y-i 0u ‘^ 1 j* 'wj* 5 

o-c ojjjj j-Oi ji pu- oij_* ^ j! - ^ r* -1 ^' r* by ^ JO - 

^ | g i >.^ t j j < 1 -. 11 -* volj~sSlt | Juu o' • 6000 Hz J'j» 

2ej, -ll ^U. j!i •** I> J 5 ' ° ,JJ J- ! l> ‘ J 5 * 51 ' 

o-e LiUJ JJiiJ l* 3 *-*—* C»i* ^ £* ■ f*>> 

i^ey ji £,i! JUi o« ^ j^ 3 *} • «i jU £*- ) J lT 01 

^Si>J! '**>*> 


:lB-9 Jfci 
< ii 4 —*-ji o* iy— 1 y** 3 ' r-*" 

M _i 'jL]»uaa JXuj. o*^ j 3 

. »lj_^Jl i>UVv ifiy* H i*** 3 ' 


l#—'> ■*■ 


15-8 


jjjlJI Sx-axj 3 <*■>» O'j * 15-9 l**^ ^ M 0‘ 

iOjit . ijj^Jl JU jW. f low—W j-e'f <> >' J ^J 1 J* 

,_f -'l l '-* -i j* 3 o^>»- J! °y f* ,A ‘-’ - 

« ^3^1 4^*5 ci-J J** 3 Vj"' J* O' J»*3 1 i * liJI i^ 1 

oLUUll 0-® <L-1~ 0-* 0*-£s ‘'X- 11 J-* ***** ^ o* IS *J 


Jl jjii •>* H.**® 

. «J—Jfc- ji Jif» gr“i •** 

J_i jl— J> J* -iUj Liijijj 

l/ _i . * _V** 31 1#**** 4> 

iL-LfcUuJl J>-ii ( I ) 

0j-M u-'-n 3 ' U ■ 3m . ) Vf'** 3 ' 

(v) u,-g 3 ^ ‘ 3 *>- 31 

J>_Ini jjW> J—S> J> gv-»' 

. II o—* M2 jliU, 

i n ^i.\ <aa)I yiiL dli) i+jijj 
Jl—j—£1* fr* ^ 

V --i* 3 J>. ^ * ji 3 *** 3 ' 

Oj— 1) J—)l#j - < ! ■■ » ■ " 

\-Juo jl JJ 3 -* 


*• r 

”i : 


^£ 


f f 

» II J 




E 'I, 

t 


^.Sli ov jjj 


jSl oW 3 ^ 1 o^y J _ 

*ili CJ.>-«J' oy o' 0i*O • oj»}j^' j' JyJteS* £fy 

li| . ilJi ^ oj^U . F.AF UWI My* 3 " 

ox-i ji jjaa y- j! iy **' 


Jxi ^ jljjj D 

. Jj-ljuJI |>— i_iy jlJI oi* 

ixlj Liti* oy 33 J! o' l jj 


I «-lj| n Loyx^ 
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( 0^4.%! ) jitfi yul*)! J~aUl 


■J;—*5 J| 1_5 J 3—i lj-*J l C JuP O^uS'l jj ( iapLflu ) K-jjy Labi 

uj^LwL .Uj , fi 91*5 A 91*5 j*!j I yg^Sl ^ (/ yJaPliu 

Jj Jj*g L»J>! jlj i ygjLuj Jj » - iju C iiP jJ-o'llI kcliuJl £l j>T 
ill*ll » oUjiLajJl yi dg^j . B »L>J JL.I JJ j*^! lug A ot*5 ^IpI 
y-ii* uP 4 all ipj—u y* «iJj-*»5 i »l^i*Jl JsijJb J&Ul ^ 

O^J"jll JjJs y y-'i 1 <&*UI yLL ^ D hImLJI Jj ^)}Lnj cj^u jiiid nill 

D JJ C y-» Lh OjJiiSl Jj-bJ CjL-y| A UmuJI^ IjJj_A D J] C y_l L A 

ia^LiuIl vilJg y> ft .l )j-t yLLfliull JL X ... D cJaiill jlij , B ilsillL 

. I 15-9 JidIU ^j>yt Ijj9j . D J—l i Liw'll j-t ry^i jUl ^La'll 
. o*iJ*lll ^*1^11*1)1 

JiiJlg £-i}ll jilgJ! jl>LlL i 15-9 Jlijll J-uu y£*<J 

plui/jl *_fc*l j . OJ* Jj. <^Sl ju*> yl JS ol>^< .iU-fj dip i ! 15-10 

JUP |ij>l iy lfc»jl*5l jjtj ■ yiuuJl l jjuu na SjjUxL ol>jll 9P OulS C Jj> 

If^Au *_« Liu! ijjlbuU ol>yi J£j Liu OLill yjii Lp* J£ rm.nl ji j*j D 

■Lc tub Ipuu £« JfUju yLpJl yij IpMJ Jfliu ^*il! y< lJ l\ Ipj . yiuyjl 

LLa*J! A-JVjll Um yli jht g\)\ J-aiiL j^jil ig5lj5)l ijuul iLtj , D cLijJl 

!j—»115 10 JSLiJl pjjij i yp^-jll igl* liypJl fj» > « l l i,Sjl-*i 

ij^SJI 

ijxjL>^ii luw <ji iSjij ijjJi jjLuJi j>ijii) jn» Liu Aiufj #u\ j»yi ii> 

. lu~j 9 _j,u 5 y^Si5 D Juip O^rfJl ill y! llJj yP jujj^ l lij>^ L*lj*i 
‘jpJl uljy>g CAD jL-li JjJi jgj viu> i g 15-9 J-SL2JI Jl y^ll J&l 

yL>nll yl y*ill yjjjul . ui L nillj jUnxll j_P I 1 »~m j-ipt Jj y—l jlLJl 

JjWl juw jljig jJiJI t> 


:15—10 JS*1 
y-5515 jA 

y-Jp 4j l^j , J>VI Ulixl 

‘ (') y-» 

jj—Wl yiijLiu UfiSlj 

( y-*>J O^S! j| ) 180" 

(V)y» 



i«JW f«=0,l,2,..J 





<*-1.1, i. J 
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( opJI ) jitt LiJI J^iJI 



: 16-11 

P i-Jt UlJkj jjii 
. APr PB (jlSlj) 


Juw L*jjJ iiL* gto o' jyW' jLil jt D J! C o* JpJll Wl J«ai 
(yi}> j-t D J1 >UL J-oj jJ oly o£ O' 0 J! J-i j* j** 11 
ijjUi# D J! J-w jjJWl jLil j tfplll <*yi o' pv li*j i jli-JI jUl 

JJ->! pi 0> ji > ^LLJI jLJl j iSpjil i>jll £» ijjJ J-ai j'jip jjUl jj 

ILL JJiJ <Ji.>J I . ckilll ajjk jit Jp'il jl*!|i £* bib jijJj ola^ll 

. D jJt op* ji JlA 5L> o)j i U*Ij>] jtuJl jAMii j* oS'lpJl ijJ 

. o 15-10 JSdl, ^p y> } i jtX+J\ J»b3iJ JIS. J3)il Im 
L*JulP Jpl Jp OJJ*S jilwJl J>ljuJI o' £^1 l£*<) 

U»>)b p_>4 jSJj . J 4 IS ^p Jjb jljiw ijijl 0* V>Wl <jp^' ^ 

O^Jj . D itfi Up o' C Jit <j£<u *** ^Lil'll poii jO Jill uaH ji<o yl 
£4 yib ^jp jli-Jl j'-*" 0 s D J1 J-jj l»i i^l jl p gjiyi ki»J*>i b 
0 * 1 —* o' 0 -* f*yi-J) , <US jj>'j 3jjJ C jic IpLpI Jp jj i5^l i*i 
Jo Lpt-j o_« Ul* ll» oj* ‘ C iiiill ^ ^p 1‘juj pJ D jit 0i&Ul 0***" 
y P*»Ji jl o- 6 y^ 1 <-*r* 5j >'j o& j**y J' J> lji O' J' • J^ 1 

o^u I* jit i*b -ij>i jiiiyi j>ijjJi o!* ^ j^ jfcto u^*d*" 

: ojj. s»>y' o* ‘p *'* jip y^ ^b j^' o* y jy*' 

n = 1,2, H. d 4 > L,\ - Lff t nA. 

. ( j«hJi J^- 1 ^ 

Ji-lj^l ^J>i j| l jJJ+J* J>'jiil fla" J»p" ^liii-l yy-^l y-iidj 
j_>ijiii ^jp j_it Oi -^'-^ 1 >»y' ^j 1 —* Otf jy" o^ ^* j o *^ 1 
; jj] t L f>y' Jy»Jl JLw! jj Lx<>*d> j.> 

n ■ 1,2,3,. iu> ^ = ifl i nXl 2 

. ( op H ) Jjjp" JilJiB 

U JS o' j| 1 ^ bp' ^ M oj^i O' iSjJp" 0* iWj 

oj—>j! Ijjj . JJuiJij jjyJl j-i UU3 0 ^* 1 " 0 i^>« Jp»J' p 
kj, Ut'j>i oO^'' 1 " ^ O^vll O^l* 

J>ljSlL jlaL pi bip Jli" Jliil £&)i) - 

:15-3J^ 

0 ^— <ji) IjjLkU IjljS-ftl o'jjpi 15-11 J-iill j-* o^Liil' o>J>p" O'j -^ 1 
J ..■:•■ 1 1 i u;; y Jjj . p^ll Lajl>! jL*o (X = 70 cm) ojiHUi* 

L > ,B jjuodl ftp <lu- S^pJI U ‘ 'pw £*-• Oij-^ 1 0« f 
v Upj ^pji opji ji> j*t-i' oi y*" 


- 











i ^okli JVjlLwI 

? la* lL*-c o^Jl jj5J wLvj ^j^jl j^sJI y> L : Jl^j 
»jjj Jlai j\jiu j^Jl jUjliU jAliil JJ jOaII jt jli*yi J-uJ L-iif ; <jL>VI 

jtiM Jiljj UfWJ silOXj 
' LiJ> lift jtS Ijj li^Jl Ojui ^MU jl “i’ IjU : Jl^«» 

P jl <iu>j . jjaII jp oaJi >j Ji; jluSll LJ^j ol>yi Soi jl jSjj : iil*yi 
• G** jj£ -»** Oftjll ujj uo- * 1 *^ 1 JH **WI >-*■““« J ^ 

^L)li jj— ii R ji <Jj tLsiyi ol>yi ox* jjiu* B oL>«j J^xu x*lill jl -iu»j 
J>lji)l Uub iit A ji 4jJj iLsIjJI ol>yi ji 
V dUj ui^w mu jl ji : 

■uc /? i*j ^ A/2 jIjuUj jjjl a* Li I jp A juu jj!u Uiic ; <Ul>Vl 
? fi «Uj * bL* j*Lill <Sj>J cjuil j jl ili ill jiiU j,w jjAll y U : Jljw 
AP - PD j^l i jjj , x jljJui PR Jiij x j\xmj AP AiLJI : <ijl>}ll 

. 2xjjU 

: jjj 35 cm j_jLg ^>yi jy#Jl i_Aa i i A *iilWij JjJI 
AT PB = 2x = 35 cm 

B »l*i 35 cm/2 = 17.5 cm Ljjj oU J^OL, jl ux xpLill ji ji 


oUjJJI 15-9 

LiXiPj LijLu 4x_wl^j iilij iSyh oLuj Lfjluu lijliLw jjtuJl jljjl J^laJ 
I—* \)j>} j?yi JJ jyAu ^ ^Jti yLJl jbjl Jl>! iuai; jyL*yi ^uu 
J_j k Lijlill ^ IijaIJI iiUyi iSyiJI AmJ <Ulu iiiilS Ijj 
^Jyo jjj OLjjd! J] IjJaL jl yj t ji^JI lyj OJ JXi JL pixU OJ 

i ojLaii oijjjiii j*uui il> ujj u-y. jj>_j, iiiiyi tfyjij j;yi 
. li<J £-<lj jlL Ja 

jj Lllii jjLjLll jil>^ jljifi jljj-x* jiJy LiJUP kl'JJy li oljju 'Jji IjJ 
jjji j-» jjy jli lj|j . (ij-i-'il £j ( jiililji-i ) jiijjUxUj jjlili 

iliU 4 _>m j^li lifii jj^jLJl jil>yi <-&\y <Ln*i jlj 1000 Hz jijJUjJl 
jXaII JJjJ jl jS'l yijiiJ , 15-12 JUJlf Ijjtj i Uul 1000 Hz LiJJ y ihjl 
. 15-13 wi« y LS yfi jjj A yLa Jl My (-Lb m 999 Hz ai D 
jj jJ^Uw jlaAii Ly_-1 ji k jijjliii jljlfxJl j^Sy- (= 0 ik>JJI jhAp 
j-k jj'il OjIS I jlj . ji*Jl Jl j^iil j,JJkf l JL jiu Jk* lii' k (Jgbkiil IJA 
OLwJl j^iij t Li jjVl JJ jlLpLaill Jai 0^.1 jijlf^JI j« J5 ji Ja^JI jJLi 
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( Oyi\) ji* ^liJI J*i)1 


* B ijuu sjy-> |>)Jl o^aII lj*#S U»pLi»J 

A jlf. >«ll j^S-yw 0.5 B Jjui . A jt t_ilioll j> k A Moll j*. si JJ^u ji^ll 
J^j-u yJ Lai i <li>JJI 0 jjl jj JsiLiu <j* Laju^ dU jjj <1*15 S_y 500.00 jikl jj 
i Lii iy* 499.50 jLk\ aJ B l«f . <« 0.5 s .»** 15-13 JliJl* 
Luyj J y* <ji ji k IuuaJL ijjJ Ju u SHuj A jfi ly»li* jyy Ulj 
A j_« Luuill lL lull jLi <^l#j , <Jx>JL!l old ,_yiu ^ ( jLJl Jj olxil) 

J5 kt*-A» fl j-» 5 m*HI JilLuJI £i ^Jb ^ jj'ill JJ L»y> 
. <k*JUl tit Cjyj> ji £«_u £>l 5J1* i ji'il Lfu 


: 15-12 JU 

' jjLkl* 1 jl jidl jt jJ-fci jifa 
jjUI It jA 4ija jAif 
■ **-!' ^ >J4> 


4 . 4 . IMO Hi 

A A A A A 

*3 41 41 *3 

A A yJ 'A 

*1 W W in r| 

/*0s r=0.5 s 1*1* <=li* 1*2* 

0 ) 



IC If 


Mi 

fS4!!iy!!IM'!! 

ili 


a 

~ 

(*) 


:15—13 JU 

j—iji-0* jljidl 1 (■ ulfjH Li»j 
. .ujjj y _ i lijit GoliiJ 

y-Dl Lj—f »l j-aii <kyl Jlu 
1000 Hz L_**j j^uoJ Jiiy 
jJL^L iLtl yt jjJ) 999 Hz j 
jlj—aVt ji ja UI L-J . ( ^wj!l 
J-itJj 4 »Vi <lJI jja JU-jjJ 
>a \j*j. ofU/* 

■ J* 


q q ^ ^ ^ 

^ ^ jj ^ ^ 


0 ) 


3 
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( ) jiit ^liJI Jrfill 


jiAl jJ B bfi** 18 jmj . A jt B jlpJl j&m{ jjyil ;>jH jIjaX^L/j 
jj ^j .* B jj-^ili ^1 dJj j-iAJi LLb' lj* 1000 ^Ltl ji A 1*uj ii/ls’ 5^* 999 
i yJaPLail j!jj*xU 'i J *H u3y> ^ jjj . A jt <L15 dj>Ij 3jjJ jljiu/ lj>Lu 
. <Lyli ijt O^aII £*~w JljJj 

<JUII »lj^Sl jj i>hli !3_»j . olj_ij olj_i j_»jII jjyj AoLaJI »i» 

bySj) Oij )Lku jljjuJl 0,1,2,3.s oM yi . 115-13 Jiii) 

o^_l> ^1 ,i i jjJj 0.5,1.5,2.5,.... s olb>l]l Ji Ul i^-> t m—^ ci^aJi 

. 180° j^ kll ^3jUl» jS 


>1^11 >j yl ill! Vf 

jJ-ij J—*iuj . »jjj3 j^iUl 
y]| JL.^I yip (jijill Aj'i'imll 

> L - lAj u >4j J 3 UW 



< jl i**'}’ . ji illj£ * L» ,a»«Jl iuj^sJl i>ul o 15-13 JiuUl 
J^L> <^IUII JJ j.iliP jj JjIIu 4*-JI jij . !>jJI *j jjaH <1 11 >»ll L»Ul 

f -<li oLauuJl »i» vJ_JUJ I 1/s Jjjj JJjJJ OuJl yj oLiujJI 0 JL* jjlll . 1 s 

L ^liuLl Lll5Lu Jjl vill 11 a ^lc iL) 


. jJ^i~all oH j_/Jl Jjl»s! ( JJj3 ) iiJIDI j ol^uiJI JJP 

oL^jJl Hy ujfii « 9^ Hz j 100 IIz Ijj Ji jjS^ IiJuP . jCuJ 

jj cjLj-o 5010 Hz j 5000 Hz UaIjj^i jKj-o/ Jy> < JliLj, 3 Is 

<4/11)1 

jbjl k,ualj . I otfjl lx_uiJ I^wLaJI liili ol^yjl sylb UvuJj 

y^\ ±i JjJlkju |>jjj ^j yykll JJjlilj Ci^aII > i u» x i IjJ^m ^Jl*>Imo 'Xu v'jJI 

SJJjJ jJj h-u» ILjLII . ll* (ji& ol^aJI (ju Ju')\ jjli)l r+*i jl> 

50 Hz ojjjj y\ Lfj luuijj j! (j$Mi jill D^JI jJm 1 Hz u t^i 5000 Hz 
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( O^all ) yt- 



:15-14 Jti 

»i—*s jyuA CiA ^ 

Jjip J W*V 


iJ* Jj-W illii- if jVI Vitf I 'jji 

J <V. jl A '.tij J_i . *H'.4 ■ Jlii Ijj 

T yVji 4^ 


*L* JJ j y>y Oh jj S &ji 0* 0^^ 

Jjjj 0 li 1200 Hz j 1000 Hz jj>J J M 3*^ ^ 

i,li lUpJl olwjil lJju J jj/)I li* oi Ap-j • 200 Hz o£h 

. jJ-9^1 yiJjjiJl JJ iiLi'JIL jjj^I 11* £*-J Jy i^' 

^1^15^1^^! 1&-1® 

li}> 8‘j-Lu u>b>-j Vjui' ^ ‘jj 1 *' 1 v> yfli 5 j*f* ^ !i ! 

jl* jj-JSJj . ilyu bjji a>J SjajS i>jj^ ;*$£ j! jS*i ty" 1 ' 1 l»i* 
^jijg ojifll illijll tfjAll £iy . 15-14 JiilL o**)H ^'j^ 1 ‘ i /' Ul 
JL-I JJ ‘111 0<> i^ p W **y t> 
.111 Jj-tf j 4 - Jy> UH* ^1 J! tUI J-* y ‘ Ul 

. Lsiijii iSyii i in jj^j' ^y '-wo 'i'j 2 * 1 j* ■w 11 

. iljfjl J_J4*1 ollx< oUlijjl .u* ojlc 4i#bJI 



U;4J x^t yy jJuMj Jj-* '->- U*J ^ j4* J^ 1 

^ j JJ cJe jS Jjoill />ll ^ ^ J-ji jM 1 O' • ^y* 1 ' 
i j3_jaJI LJmJi M-jil J-ji U* jJj-JI W ul* 1 jfo l -*^ 1 ** 

y}\ oi r* ^IjJI J-aili j-i Ujij ij ■ ‘Ul ^ J! ^ ui> ^ M»J 

jbJij . jjyi 'M J^ 1 ^ ^ ^ 

ijj Lii Oji /})! ul» fj Oy ‘ yjll ^ jU-jfc Cji: lijiP i>j J* UJj 
. ^ fy, aui j u^ 
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(Ojjl) jU J*UI 


6ihjJ 15-14 JiiJL r-»yi O^j C* liy 4JU jSJj 

jutf *ui <iji> jj# ^yxt . ;yi 

«Ul rJa—. ji JtfcJu* ^I^jl JjmJJ jJiJl JjUl JJ Ujkj Ijjj , jLLJI JjjaJI 

OJJLP jj < '~~ jl ‘ t ■ >; pi jjj b vjjiJl lift Ju£ bl^JJ loJ^Ul ii^xJl £J4J b_jv- 

jlJ Jj-wdJ rjJiil lii . Ijj» jS jjpjll jlya'il -kuJ 

t OjaJSL jy Uiyi AilauJl jj y! <1^ ‘Ij+JI 

Uail'l cj—» ji ji b IUJI iAA li£ Ud ^-aii J| Jjkll jljl*'}|l lu J-aj Jjuj 

15-14 JSuDl^ jli »lllj Jfi »U^j . * jry 0°i £*y Ji* 

<jjfo J-ifi j-LbJj j-Lill ■l-»Jo JUtC Oi_ii jjJbli LiJuX kij Lujj^, 

yj-V 15“ 15 J-UI J-lijjj Ojju *—i>y Jl^Jji iif V J] jibuj ^ Ijjtj b rbjil' 
, Ljlj+Jl SoupSi oj> Jil J>L1I 


:15 15 JSJ 
SJ*>V1 itJUl u«* 
j *•' /iljWuil »ik . j*iJill Ujjii 

t—^j 1 / 1 
jji A^uii ouijyi. 

• (—♦) J (m) J ( t ) JliuW 


iU'iVIjy- 



L =X 14 f\-v!4l. 
<>> 


3 


i^!4) h=nm.) 
M 


t«5ft/4) frzSivML) 


/,=7(X/4> / 4 =7(fW.) 
(J) 


jLS Ijj ijLt cJlaj jJi«j ,i ii»'JI ti_» jji JJj . 
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LiUi (jjt jic ±*u V jkJl * 

. Xj# •j# >-»' ^jf^ 1 >5 ^ 





















oils US JSuiU ijyt OmJ 15-15 Jiilt ol*l>ill ji Ji*^ 

. Ojifil! J> 4»lfiJ jl* ol*>* *>lj{ i*- Jii3 4^Jj I jJjW «A* J* 

> ‘.e ^ .h.l l 1^ ‘ 4^ Jl J_ai) . jJUJI J-i£ l/-» 0^ 4*|$' 0^* 

0 Li A/2 iSjLJ ^ J* Ow"s* 0** C* <*W l *1 . 0>M' 

^il^J! J} _JI JjJJ U>; Ify . A/4 JjU jjUkJI 0-M*J W"l' oti '^L- 11 
k jjL^u oj«p iju j* bfi* ^ 15-15 Jiill ji JjWl li> ui* L 
tjuH ^Ij^Jl j>-1I JjJ» $ v 15-15 Jiill J li!. I* A/4 $1 jl 
, jjSjtj k L = 3(A/4) J J t Jjlifjl i>Mj WU' 6« ^Lil ^ 

LftUI Ch 15-15 JSWI* ( W) W °M jt * ! ^ 
LijiUl JljfcSl fj (USJL-l* L#jL> j^u oljjjjJl «i*«. f- vlk 
jjjJI oi ^ ■ •/& J#- l- 5 ^ “J* 1 - 11 ^ 

Uull SjU y-i jj>JI lj-»j i 3/1 kSjW /. "j^ 1 3> j^ 1 

, 7/1 tfjLJ iLDIDtj k 5/1 iSjLJ A#!tff ijtyJl <-4-M oi» JSMfj ■ Jj^ 1 
Lllyj l^ijt x>l alp liiill o' ^ &t) • '^J 

, Jiij ijJjxJI Ajiiljill oUijJl J jfi 

i 5lUi , x-fci aie <ilA» V^l ofi O' 0*/ ^3^ lul/*" O 4 1 J^i 
jisJi J^j I W> x>i ji jAJL/ >- <*l*j ^ ^ ^ 
^ 4 1 o^'!( <U5LUl *mujJI J»l*j < il o * |JJ£ 15-15 

0 ^ ji j «l^JI 0 ^ 1 OA j**>y 0^**i j*jk O' *11* ^ 
i iJ* pldiOL-4 Lay^l oljJjlJI yL> Ciui U*j . J}> ** 

L >ylu iiyhitij IV 0 '^ • ^ cijAi A kiw> 4 

uy ol ^-i>i ■ M> 0-* ^1 yL> j* ^ir ^ J* Oi*^ 1 

oe Jl i)»Uk fljAi-l 0^*1' O 4 ‘ liy* oy >' ^ y 

ojJl i#j- j-UJ 15-14 J5uiJU V^' ^ 
^1 cljjjjllj A^>ll Ji^l LUS 3 #- L JiJ UiJj 

: jk M 

: ^1 J^UI jfi UUlIj ^>11 A>i UyUl V-111* 

'■--f r.-$ 

. ( JJjj Ji« n d^>) 
; jjjDl <>yiu ^^1 V-Ul# 
, 2L t _M 

^« = T " ~ 2L 

, (jLJl Ijtf U w*>j* > , « i ^ ^ ) 
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L-112 f\ svl2L 
(i) 



L*2(kl2) fi=2(vl2L) 


M 


15-16 Jii 

j'jj—‘VI i«l—wi ji j)|i uLak 
O-MJ W ^ ^ 

• 04* 

cm JJ* JL—jl Ji SjIaIi oiwJl oi-» yjjJ i^il <-ijt j» £ijJI 

0*" 1 y J>>j JJj2) vUJ-l SgjAl jilj ; igtftl j oljjjill 

P-* 0*^ <y^ $ sW 1 lifij • i> »j4^* t±M jg Jsi! 

1 »J-ij *y*$l ji cJjU Ijj i JJi £ij . j>lj jjjj lj ijjy Ij^o 

jj-pj t oiyi ^ jii i‘i> . t jrfjjji ij i«jj ou-o ji yu d*si*i 

cjyi jjL ji jiua iyju'iii 

o^lilU . <Al-.»jII j* ^ y iiU^Jl cil^fJl »oapS/I ijSi poxLJj 

W—Jy> > lI^i o^ii ( oyiii) ji 

jJji cjyJl ji)_j i Jj o«i; U^l ou*_p£)lj . jL* ji oL>Ji 

SjjjiJIj jjJI J! Liteil IjLi. ( J)Ul J^j ifil i*y ) ityJI 

jti , Ij*mJ jtfi 4i£lj Ijj^l LLi Lui l^i x>±* Li^Jlj ( ) 

, Jjt jU&t oLuJI vjjLJI j^_u o^l si* 

yy^ 1 «M* ^ *> j ^ *p m ji auft, 

.^layyJjWl 
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L=3(KI2) fi=3tvl2L) 
(+1 

^XX 

L=4<'U2) fy =4fvl2L) 

(•} 














() ji *6 J-aiJI 


15-4 

, 20°C »I^JI 5jl j_>- L>jjj 60.0 cm LfJjk ^jUl jiji 

jJu) ( i ) jj£ (U) . JjVl Oillydl U*i)l iiyy j-rLSl jiijJl JJj3 o*jl (I) 

jLy JyLiSl OjuSl ojLi Ijl (_>) . Ifyjjk j_>l (j* Ubu ujSJ Ujui OjjjSl 
? jjjJ y> Ui i 20°C i>jj xj 

■ JV-ilJ 

* ^>11JjkJio**iJ 1 *jUWJ f j50l iftUHU : Jlj* 

: ,jjl . L = A,/2 1 oijLJi I>yi. iywil <JL> y : 

A, = 2L 

? /", yL> liui^ j5J oL*£]l j* L» : Jlj* 

. Liui u *i>yi AtjJl iij« l_*>u |^jj . /"j = t>/Aj ji 

V IcjmJi jlwm ijl* Ji : Jlj* 

(^jj 4<. ii il I j jUU 4yj^j*JI UsSJlj olktl *-»jJ jl* u 

y jUU 6^^' lwVj* 11 

? a*]j 5 jL^j (i S*i . oljUJl ' ^y 

Ujjj <*~U* (M = 28 kg/kmol) Afo i> ^ 

M U*i , J>\. Cup 20% UjJ v*4 (32 kg/kmol) 0 2 &*-*% 80% 

M„„ = (0.80)28 + (0.20)32 = 28.8 kg/kmol 

V oUiljill ji IfJ J-ai; Jj*il yiiljill UilH ; Jlj-j 

ojjiJl oLjiilyll J_1 1 jjjUl <>j3i* V^ 1 j i* 3 ^ 1 &*** ■ M*?' 

• fi j* ****!• 0* i$* 

* /j U*j£ Ijl JjSl 4*iJljill c»*l)l jbu^l 4 !»! )■■ » (^1 ^y) J* ; 

£4 y—iilu f„ J #j JJ/ Ji <j! AP-) * utyU L j U (ji kl«*j . f* 3 : 

1 (jj-iiliin jytiljjJ ijljiy m j n yli Ijli. || . 1 " || i l Lii»21 n 

: jp <JsLy u-JI jli 

f-i 

m 

f jLu jjk oli lij ji**! Ijl* : JIJ«i 

. jiijll Loip yJI oLZiljjJlj lu-LSl 4**iU j*J! JjkJI 
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( O^dJI) jLt, ^UJI J*iJI 


T oW oVUfll jjjJIIj yjll Jjkll la L : Jl}- 

fr-t ) 

? iJL>Jl oi» y JjSl LuilyJl <UajJI y 15I ; Jl^w 

vij_X; J_>^l JjJJI jj L>yillj JLJ-I y <iUil y : ol>Vl 

‘ i-HUJ! LuilyJl y JjSlI LdJI . lii iu>y!l oLijljill .u* ^1 

. /j =3v/4L=3/j 

? *l^fJI > "ta hj 1 *« 0 )& j*** ^ : Jlj**' 

. »jjJl (Jjl>l jU jy*ji\ ji Y UJj 4 j!u\>JI -diill ; 4jl>VI 

: 4 ni'*ili«llj J>)l 

; ^ ILL* {i) »>Jl y ^lSi y^l JjUl (1) 
Aj ■ 2L ■ 1.2 m 

20“C j-ii y o^) jl L»i . 28.8 kg/mo] jjL-u «I^JJ cwuyJl <IUSjlj 

• ,>jj . 1.4 jjL; 

~(ff 

= [(1.4X8314 J/kmol.KX293 KX28.8 kg/mol))^ = 334 m/ s 

: ( 15-1 ) SjwjijJl o5UJl ploxiJ LjJ jSLy 

v = 331 m/s + 0.61 T * 331 + 12.2 = 343 hi/h 
: CP[ • ( 5jji» iU*JI oi* y T J jft;) 

. f J = 2f l = 572 Hz y JjSl oiiljdl LdJI jlj ^ ,>j 
• 6 »J k ilWl oi# y JjJAjJ Ojjl ‘Lt^y-I £(l klu> (wj) 

^ ” I43HZ > A, = 47. = 2.40 m 

^jUi ojuSi *Jl> y j-L'lll jjyJi JUl jjjSll lit 
: j^u jfil luiiljSJl Uuli Li 
3/, = 3(143 Hz) = 249 Hz 

cwl5 L | jIp JJj u&yt) * IjLj till** oLiily; I 4 J HydSl jJO ^6/ Ij&j 
i>l y uLu pi vL-* 

‘ 7 = 1*87 j 4 jjLj p>»4Jl iJU y aLsSJI t (-?) 
£* l-j-JI lLjl» pLSJLrl Uui pjrfifJl ^ o^4xll 
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(o_pJI) jirf jm)l 

: jjufcJI i*5U cxki jUj£ W j 7 0* *Wj* 



= (343 m/a)(2.94) = 1010 m/s 


: jj] ilili Jk; L jl *k>}luj i 1/ £i ow/li^ / jl sil*>J 
f,( H«> - /i<air) = 2.94 ftair) = 841H 3 

J-V ^Jiy jjjl ji jj yyJl y ^jyail ie^- fjJyU joJUll li*« 

5JU l>_)j lj lj m> jjuu jj^Lu f> t4JJ otlwJ 


^LjjS^Uj 15-11 

oL>jJJj < ol>yi fl^jl ^u>J yU l^Alj ull>x ij-»Uo JJ j^ll Jim 
O^LiJl Cik»^ J* mi Ji^ll jjj . ‘jljjJ 5 jAU? ‘ u^J-Jikll J* 
it j—w mm *jyia juj 3ji*w Jj>u Ujit; ^jUi . i+ju* •iijjj y oj ^ ^ 
isyL- JL-u jijm'jji 5jim> o^> ji k»5U jl miu » me imy JiL>n y \j^s 
*imi ja i>.u p_i mil i^iyji timi jjULJi <«m jl m jj^ my. 4 ^e 
jJua!I yljJJl Jie jwL»^ oysJl jjJ! jl y^ yjLb J**j Ijjj , me UjLuI 


J-* VA-* ^ 
jii 1 m i jU* y j*j urn. <y >mi 

oj_mi jj j_; ji ji t y j« 

jf-L& jl jli—jyi i j[Lo j * t*n/nl1 
j—» ».M' *w xy imt ,>iiy 
. u> juyii u* yijilili 


oml jiJi jJj^ j\j>yr jjUJi J! iy i/ik* op- * 

, y yJ 1 4 mm I oL»yi i)L> jt ijjLtl 1 i'nt yji> i_ijj.fi 1842 
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( Ofcdl ) ji* yjjliJI J-aiJl 


<Jl> 1^1 4f IL 3j*Uj 4>j>3j . Jot ojUil jj*- yiiiLj dJ JyA\ 

<5^xlt j^lw jifi jljlJl ol>v» jjSjiju LiJuud JJii 4xL»li*ijj^i]l ol» Jlj Ljj-AjI 

5_,{jjjjJi <>^>j|l jIjai jjMVj . jjuxll <L y jjJI JJjjJl JJ v~Jb rj>yi L»JJj3 j>i 

jl> ojuO ji SjLJl cJLi Ijl U iiyw j» jj^ll JxiLo y$L Ui t *£j-i jk 

Lj_cy yli li^-4 oL>yi jj-tu yjj <ji iii 45 j> ji yli L«y*j. ^1 i^ylill 

J*Li! lift ^jji ol>jJI 90* JJj? jU U^ob LfJ J 0 LII 3 


=15-17 Jii 

j «ij u^iai j* 4jlu*!i »U 

ji U_^J . Ji_J yjj yfci yj) jifc 
J-A) Jj—- j-r*-*# j? 4^ 

tL-» j O+y&jtfA JjU 

• ( jij* ) ^ 


ojL^_^U Iji-Ai T-j>y. (iUl 15-17 JSJI JJ ®j*U> ff* i 

ji ^J Ojilj ol>M J-y* jJuoll yl ,> piJ4» . *Ul j yi*jl Lilli 

yl ^ WU-S 90*3 ‘ jJLaII <5j> £* iW* J! dpJi IJLuil jiljjJl fly 
jj> Lu jJuoJJ j-^^lll >-JL*Jl Jfi yA*JI IfOAJ (> ly» jiii 4 ^* 3 ]I f«Jl 
J 3 JJI J*a>l JJ fjljll Jjp Jjuoll i5y> yl» l&j . yJi\ UuL>Jl 

UliiJl oUUj^l Ji 0L3JJ Jl 
sljJ jl L Ijl»j i 4^3*11 0L3II <UL> y JljJ Ifilii iylfe 

J 3 — /> U£JI d* Ustl list- joLili (,\S 3 lis'L jXiJl yli lij* • 15-18 

Li . 115-18 JUL^ ljj»j 4 f jj-oll jj jti LLo Ijj^ 3 jj'il ^*-4 

^ . liSL« jolillj 1^3>0U jj-J) jj5[i LjuL Li ^-i^j Jli o 15-18 JSDl 

jj 4 jlj 4lylll oL^ 3 jD ^ 3 !! J 3 UI jjLil ^*-u ijy illxJl sL 

jmju ojj Lp->ll «j-Jl jlfi JP V J**ll iSj> ^ 1^3 . UlsUI oUL^I 

»Uu3 . ^Ul jlaI _111 ou_^ jjJl 03JI jjy3 ji*i JJ jjji J3-< ^>311 J3UI 

joLlil »L?J Lij>l* jjloJI ylS IjJ 4li <l 3 f-o Jy ji L5L j;Ul JoLJl J* 

y-£ Ijouuu LijOuu jJ—oil yli IJJ3 t f jut yS i f3*Ll 03^]I JJ y yli 

, f yj y~o\ r^vLl JJjjJl j3^~< JJkliil 
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(OyjJl) Jjt 


:18-18 JU 
SUii Uni J 111 U>^JI A)JJ lULj 
. >1 'illj jj JS <C Jt 
jj—aJl 4Sj* 4*» 

. LiSLui jkluu]l jjij Uajp jJI 

A i mn ^ j^uuA jy^ luicj 

i jj ««H 4 -Uill Jwjj 4jU 

Oi H ji jjijliijpj i <4 J>J4 

, iii*j, B <&yi iii 



: 15 -l»JSi 


4 J -w'i Uiitj . !J + i: ( 
*C J—*o)l jj_tt J- 1 JUp 

. D - tl ( liLkjJJ 



t 



yi*« «A US' « £>SL jOjm Jj 4o_JU ISp— .1*1—1 UjlU Jijll U. l l V|i j 

,>j Ijjlp Jjjj—u _r uli jjuoil ot»J LS_w>0l* jjiLJI jlS Ijli, 15-19 JSiAJb 

\ jujjl <yJa J^U jJUflil j* J»iJL .luulil JjLall ^4 jf£\ 4jJU JS <4>yi 

I \ xln JJbl_lil JjJuj U*i£ i JilLj , f yj jipl IjJjj 4—^ uiy* J*Lill j! Ijl 

l DJL>lj)l <LiMDl ^ ol f t»Jl j> J5l IjJbt 4jji Jjii-u Jj- jJ«sJl jt 
. f Jii o*Llll u-UL Jj- 
: ^yl US OjAiyi sj> ^hSjaJj jSUy 


L*k JJUj >*| ^ L»a>i jJiLilj jJuail Ujk ^lill oyJl J ijl jljjj 

. y^l j£ Ui*>i A«ly 

oUyi ^ y<Jj oUjll fiyi ^i*> jiL" #j* jji lifL» Ujrfl USj 

, JaZj iyyjl 

UL1IJ y 15-18 J5UJI j**5ji J ti&j, & >JJij»lb^JjbJ 

Si 1—11 jjl— jIjjUj ytfii jaI—H jL>JI ji joiJliu 

, Qjij >H ^L/uiH |ij^Jl (>j)l J^> jJ-all *k*\y> UjUU 

: (j&l ^ttll JImJI y>-^ll jyjl jli 4*kj ( T oUyll 5_jJ u ^»'j\ Ua 

K = k-v,T 

L»jJ 3 JLhwJl i> Ij^Ui jj-all j^Sj Uik . JUUj , jj-ail itj* U s klu> 
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(o^sJI) ji* yoiljjl JyiJI 


' k OiT jiiJlii* o**i>y oi^ J$ on lildH J^b-j v t 

X * A + i/ # T 


- T=1 If) k = vlfti8U\ fljiOJy 


i-i+It 

rlf 


(JyOdljj^U) (15-8) 

jJ*a!I jUiil <JL> <X>«1I Ojb'il Jikjj l»lu 4 b^l j5 ol>yi \tyd V v^> 
. aaL«II y* jjuall i)l> <JUl SjLi’Jll i jiLiil y£ 

Ujlji4 C/jJ I ,> Jji JyJU JJ»U1I yl $1 y*jbJ 

yj_S^ Laois u + i/( jbtLili cu—ill iJUJI 

■“Llll jl£ Ijl L*i, 15-19 JiiJL* ywll JLijll Ijjj 4 jjuJI eL>J ISpuLi 

yJ ijJJ yi *illj J** . o -1)/ uJl iijJl yijSaa* jJuaII yt kuJu# ttijbU 

; y»£lj Ja 4 A/ll yjSu 

f viv/ vti/j 


■ 

(J^ali j*U) ) /“'=/•"• (15-8) 

SjLl'jJl j-fkw • jJ-aII &Ln Li^>JI ji lit LJLJl kiu> 

Lui j-i^l dLit j-joJI Ijlj . jX-sJl "yj. Ijjuju jmlill LjjuP u>^l' 

MAUI J-Sjjj yl dobi yMJ Jiy jj IjjlXxLil ^j)Ul C^*Jl Sjli)lb jl*U 

15-8 j 15-7 y*jJjUUl (,] ^ ll [X\ ffil Jmj bjSi jaU! bUl 
yli IjJ L -Dj Jiyijj . iijJl yob) yfillXl yf^jjj* y^j>j>j yLbl 

, Oil-ill jO-oll yi Jj>i]l 4 

Ul> j-j yli»U>«0 joi 15-8 j 15-7 y^iljUll yi y^lii^l CjuJI olj tillj 
*^lJI d)j Ljj! L^jxU a*'-ill y ^juflll jj5u Lolo ixi^xll ol>yi 

)l *v-jJI <?jm> yl jit yduJ jill 4 n,,iill ■■ O^«_oj ill Liui 

dLb JJU Ojjjill yjfij . jJuaII jl JlLlI 4Sy> Jip hjj£ 

. iiLill y jXall yt J^l jli ilvw jjL»lj Ulti o)'l»Jl 


: 15-5 Jib 

20.0 m/s Lijjj |Ji-* J T= 0°C jyly ‘lii ^ y 5jl*« J^xC 
Ijjk ^uL> JL>I j_U JJu dji ytfjlll . 500 Hz OJJ^j L» ail 0 ^a> jib ^s> 
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( oyai \) ji* i>*)Lk!! J*utl 

? ilili taijAH ijLJI OjIS IjJ ( I ) vllDjl <Um 3 ijjJI JJjill b . JijWl 

f <iUp ijAj+4 Jj>ja Uju* (wi) 


D 


: JYJluJ 

V JJjll Ijjk jJsuii Jjy HjLm jk U : J1J-» 


£* JSjll Ijjk Js. (15-7) HIjUI jiu!. jjj. jiL . oii . j*LJ! : 

■ (V) ‘> JI J 1 j ^ Ul l P) 1 

\ 11 O^oll <LC j~t l U>ii U ! Jl^uf 


JjL-J 0°C L >jj xi+ ojJl tty o' 15-1 J).i*JI J! ^.jJb : 


. 331m Is 


: ( I ) *}*D <*-ilb : 3 LulAUaMj J*J' 


/’h 500 Hz 


331 m/s 


>331m/s-20.0m/s/ 


= 550 Hz gi =532 Hz 


: (y) **-“% 

- 660 Hz - 472 Hz 

jjj ijL*—Jl iiyjS L.ilf jjJI 532 - 472 = 60 Hz y jjill 

. Ii> 

Ijuum (y) k j-t CjiiU ( I ) LiJu* Lyu_J jiilJI A>y : j ij4J 

. 500 Hz jitUi j* siwyll ojJI ay jl5 lj| 20.0 m/s Ujlolu ic^-u jiL y£ jt 
, f = 470 Hz jU'il 7}l>jyf = 530 Hz ylIjiNl <Jl> J : ifc!p 


: 15*6 

L»JJ y Liii 4 _li 1*1 «m jlfJKj Ifj) V, UjljJU ifiy*J d*bfj »jU» 

JiL-j jjya jj-a» JyLty oji oJ Jm y^Sl 5jbJl 1-1") . 440 Hz 

jjyai\ JjOuM 4^13 J5J ijj* 20 i -. i m ii i Li^l 440 Hz UjJjJ <*i» jOA| 

♦ SjLJl i 5 ^ . 


1 


i JVjCLmi 

9 4£yj liy j" i5^L»JI ^ Li : Jlj-i 








4 


(oyJl) ji»t j**UJl J*i)l 

jl (jjitAill j_« J_i jj_y lijLuLj j' j^l ajiSL ojLJI ^jjIS IjJ : Ajl>yi 

AjaUsJ 4 v/i'i L> V> Vi jjJu Uj lj >1 j_« <«4-J jjtll JJ^jJl jli i SjLJl 

. JjOAl £4 oUjiJl jjSu ^jJl jA ^Ijll JJjill Ijjtl ; ^LjJ 

V villi I ^ v^l Jl*l OL : Jljw 
r rj>'^ jj/j /■ JjXim jjp jjiJi Jl*: l^ij : ajI>)I! 

=/'’-/“ (1) 

? f ‘Lui ^Iiaj ^lll iljlall ^A L ; Jljw 

; jJUl 5jLi*jli JUju—1 i Jli SjUJi jH (15-7) UjUIi : <ul>VI 

/v-*- (2) 

v-v, 

(’ (2) j (1) lfjl> J-i>j ^jjJI <JjLaII jA L ' Jl_jw 

aoifc-r-Wj^--/' v^yi 

jS i f j'j LJjUil j_J J 1 - ■ ■• >v jj» y, ijL_J <>__■ ji 

. 20 c C jit D = 343 mis 

: ‘iLu_iJ! ohjllll jam J>Jl t .ilLli i JlIaLUJIj JaJI 

20 Hz -440Hz - j! 4 - 1 / ---—440 Hz 
343m/8-i>, 

vJ Vuli JjUj 400 Hz a>JI 1>L 

20Hz = 440Hz —l) 

{343 m/a-o, ) 

; ^ic J. o >l jAw*Zjl J>lj rjWl <jl*t ‘!^>U 20 Hz ^it jjjjkJl Si iuJLj 

1 = 22-^- 

343m/s-^ 

: yl jj*o v t J* VuJJO JJjIaII «ja J*jj 

t>, =. ^”^ s = 15 m/s 22u t =343 m/s-v, 


4jjj*jJ! jj$ it j->)\ 15-12 

£JUM ji Oj-aJl iBj-* J-Jjjl jj-oll yjSJ Ujit Vii 5^*Lt iJx 

l-ijIL f Oj-Jl jjjj J (15-7) 5Jjl*il ^ a> 1 J»_i <JL>Jl oIa ji . LfJ o»Li 
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(OpaJI) t JmmJI 


j 5 uj v jUjo-Ji ji jj^ 
jl Mi-* 4jj 'll <ii j) • f 

A_fljJa tliji u^all j»U Jljiil jjJ 

. « it jUu* 44 JU <ill> i> y]pi 4* JWf » 



jm c^-Ul pAl Cm City “i Ijtf C 1 1 ij>j t l» j* 

Ji-Jl JJ iljyy 'j* {4*i o' ^ /(-“* Mlj J* OiLllI JJ 

. 4^)13 >y y 15-18 

ui]J—» UUJI «jj» y , OpsJl 4£y i^jLJ jjp»JI j-l-all lc^- ji ji,iil 
JJ Lw . lyiuu jp jXall pU 0Jj*jil 4**jll pill £**> 
L*jil jl UjSiJ lj(j . jJuaII .1*1 lji_* 5 jiM iikl# j <u>pll iillJi )*$/ 
U pfju jl Uu6i^ k kiJ l 1 OyjJl ‘Jp—II j* Jp** ji Lp^*-! <J^liuJI 

icj _1 j_* jl*l if^-w »I^Ji ji SjlU» Jj>aj Ljip . iJljJI <Jl>JI 

ipj-y yjl_>JI JJ OjiLbJI C>» jjljJl ^IjyJ 1 lxiLiiJl Jpy > V oyJl 

. iyjbl* oLbJ ji ikiLwlI li_* ghy i 15-20 Jill I gijjj i U UjIjL 
liiLalll Jy>y 1 ;^ D JJ C JJ B JJ A j_« 0 jOLbJl Ujit* 

j H' j A' djJ&LII ^Ijll J! J-*J u Ujji iLul Uj^j ^U)l JJ \+t ^lill 
0 Ltjjs Lyij *-*«" Oy—> LiUuU y>jli <i . i >) l jli p cmj V' i C 

: kiy> 4 SjjUaJI itjM jLfcjl 

nin 0* -V- 
V P 

. y 15-20 JSmJI^ ixyp 4ylj)l )j*j 


*—>y CUaj ixJy k jLui <L3}C jj ^il^ll j-* oksLiill 4_*jll Jj-xtfj 
lj> iiiill pjyoJl lilLlI jj Uiml sis . 15-21 J&iJlf 4 JljjJ 15' <ui 
Jiill R iLijJlS <l»ii jL Ujj^* jit yiU !y.> yu-J jM\ k <U«Jk ot l 
i*j-i lijLJ <pj-y jaji\ J* lj> o_paJI J)>L> jl p>l J j**) 15-21 

ji klu>j , <U 4 Jua)I 4>pll^jutf vl^yjliii ^ jui jjj Ju?-* . 3jill»Jl 
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(^ubJI j*i)1 


A ui ui ia. y 




:15-22 JC 

*—-aUj Uiljj ^ 4*^ u>4>«Jl 
. tljfl j <UkL. 


Wij»i 


: 15—21 JU 

<UUI >U Jljiil jjJ v> 

6^1 >-s j-»j > ty-— ^ y* C 


Ijlij yuuJ jl y£jj l^jli ii> <iHll fjJwx'i oLLJI jj <lLu jA Ojj-oJI o-ul 
L»jll iji-1 jJU £jJa)b olj*JU)l Jl iyj) l V l j-S lj*J 

Oj^aII j*_J oljllLJl jl^xk lie O' V IJliJ-I ^ujill lit j^bj - 4 ‘» 1 n '^ 
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( ) jLl y*»l»JI J*i)l 


JjJ If.iVt'il I LuJuaJl 1*^1 oil* Axi ^ *iu> t * Jm LxJ olcliijl 
SjiLUl j^j ^uxiuJI ijj—Oj . jjilkll 4 Pj«k »jl^ Jli 0 ^jlj)l j! 

. (Mach number) ^itil jjuJL v p Iv o^Ji kp-j 

v , 

Mach number - —--r-r 
v sin 0 

. o^oJl <^j-r Jwj Lfip^w cul5 IjJ Mach 2 Ujji JyJB tyLUl ji Jliy 
. ^ 4>j~Jl LIU CjLsj LkjJjii ^lll LiJ-sJl i> Jl 15-22 JSJJl Ji»Jj Ilk 

Oilj ^L*L Lu jij Mach (1 La >aj Ic hu Aij>jJ j_dL> >!l elk jl oUJl Ja 
? Oj^Jl ji Iuj-jJI i>jll 

* ■ 1 ■' I l t^jloal 

: jk Ijjli jjfi ji t_L»u J^iJl Ilk cu^li Jj 

. L^i-Jl 4>jil ( _») i flxJjl ( J ) t J_L>jll 4 j iyll (_>) . LiLduJI (tj) ; Cijj-oJI L^jll ( I ) iju >aj - 1 

‘ J—£*o*H vljM (li ) ‘ JfMJll (J») v Sa^JI iiji-* ( ^) t oyjl So* ( j ) I < j ) 

‘ '*-&} ( f ) ‘ j 11 - 1 * 11 J -* ljSl1 ( J ) * ( 4J ) 

4_> Jl ( ij ) l j-L/jJ DjkLb ( f ) I OUljjdl oLwuJIj oLJjIjill ( J* ) t oUyJI JJjJj oUjjJl ( j ) 

. j>U! ja*Ji ( j* ) i L 4 X 0 JI 

. flyll ^ OjuJl Jilli (jl j£»j 'i Ijlij luj-Jl O-Jl jt J rjJ- 2 

jup ctJjLxJ oljUII ji o^tJi Lj* >-jL*> 20 C j 0 n C jif il^JI y o wJI c*^i) j5j . 3 

, cuju ij \ j > oUjj 

iiLdl ^4 lltf ^Lb jJ_oj jj /null Aj*_oJI 9Al ^4 wjLi> _ 4 

Ojjl ^^i-4 Jijvi J^oJl; (wjl J>U) ojjl Jy-u J! Qji y* Jfl ^»!y^ Ji>*^ - 5 

. O^JI iii JJ 

J 11 i.ijjjJL 0 j iJI \jy —J 4-ulij2i)I p-Jil jS j . jjjjJI j_3 5Jli5 JjUJI jj^l JlxL/'i ^yj J5Li ^wj . 6 

. A^uJl jy UUll AjAxi . Ia> VyJlj IjJfc JjxaJl ol^»MI 

, jjyll ^ iJ hWi Illlj O^-Jl \j£y J» Li jyi _ 7 

jl ll jl ^LJI J_>ljlJl ^Lc Jj.n>ill j JJl y jul’iVi L*A)» AxuJlj JJjjJI < I axi jL>^! • 8 

. hu Lfjk Jv-ax'l 

. cSJ J / ijilt ^IjIuuI _ 9 

, ,^ij)l uuuCl y Oj-jJJ oljjjill jlax^l - 10 

, ApLlilj vjSill jJuoil <ll> y i "o’j>j yU>j ^ 4 jJ 5j*Lt rji> - 11 

ojdl y>-l> jly>l lSjj LUi^ liUj v*aJI <>jll jJjli Ju^ r/i- 12 
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() jitt ^UJI J'O&JI 


^3L>JU 


: 4 -wLI Jjljwj 

o^aII <u ^ 

; U^UIL Jsujj jl ^ O^aJl <tj* Jtvu , ( AjJadiu ) iJjk CiL»j» i-u^aJl oL>^ll 

{ jaJi (iji>i L-yj) v = ft /p 
( jajJi ji jj^ii ^yus Jsu*yj) w =fti p 
, lu>yi litis" p i IljjJJ ii^yi J*1 *j B » L^yj JjIu Y 

: O’iWg 4jlttll oljUJI j o*Jl <#jw Juu 

..ji.Jf 

: i*y± 

■ ** J j i j^ 1 7 /C t , OAt*^ 1 OAj 1 ^ 1 0# <fA)l -1 

ulLll T jfj J y» JSJ oLIj* y^SJl^ M jpt j' s-*>^ y j«j v SI cAi>yi R - 8314 J^anol.K - 2 

J.5J 0.61 m/s Jjuw JJtij 0 U C L>jj jurf v = 331 m/s j> ojJl ic^ . iJl> j M= 28.8 kg/krnol.K. 3 
* , <<jUJI ojljjJl ol>jj jjj <>jj 

(/) OysJI sai 


Sjjill 

*>UI 


W/m 2 


; jJu«Jl j£ JjuII aj^v< ,<u L-*SlC LwlJu jLL« jOju ,j4 tiuulll Oj_aJl ill i i .i liTi 

m=-£j 

4 nr 2 

l :j_iH Ifcj Lr ,lij ^jjl <L«JI.uy r c jj.t'uH vlll! ijjiJl rj> P 

(JI ^»UU) jyL*i j! iaill Jy~* 
. (dB) =10 log (/// (( ) A Jju-u jJL ( Oj»cJl y ) Axill Jm-u 

: OX> 

, jybdiJl jJu jit jl>lk«4 « saill » jl « %ii^oll jy-«»- 1 

Ij-Ji \Sy—Li ^_Le jjJi IUj L»jLu«L sjLp l^ill ti> 1>£) . / 0 = 10" 12 W/m 2 jJ> £«JI jxui . 2 

. J-a-Jjllf 

. lSjju V jj£ Jm^JI ■ 3 
0 JH J*Wl 

• f' )f Oij" 1 -** j® * 7 ^^ j* <La>sJI i^yi <*«» <yjjj ol^yj ijk ol^JI 

■ iA*>H 6>*y oh i3j^* »y 

ol^j^Jl JJj3 -f'~f 
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; tfjl oljjyllj u>yi JljL^I 1* L <JjL jjly» j^iX j ( <jyj)l ) jjiuJI ol>^ll Oo>j 

; S_j jJaJl Jot 4oi Jb X>i JuC jUil ^Ifcfjl JjjjJI ilt> jj. 1 



. y>j» i5 J j* jjx n <lu> 
ryi* i)l> . 2 

^ '**£ 

. y»y jy>-g jjx ji n >iy> 

: ix*> 

. JJj3 jm\) j>y J_jl» j#5l *4JU Jiw j>) > iLuiL^ll 4aij!^Jl n = 1 yjiJl>JI U15 ^ - 1 
j_»i jJx o-Uill ojAiSl by • jyjU jxaJI n jjaJI . ijiflji Uii jlei Jb j ij J£ j*y - 2 
olytilyjl jJx by-* jAS^kJl i>yi* y^AA^I l»i . Ui Lj,iJI ol^iilyJI jJx J>^l JjJaJI JjX iiUlIj ^jjkJl 

^bjj i ^s’i 

. JJ CuaJb U*J>I i^A-J i5^> jaSj^aa jjv-all jj-ttll 0^ bit }iy 
kujj , jVJl y bAO>i AaIu LliX JLj . J>S'I j* L»J>i JXlil'j jAdll y_^ UjuX ( £p-ll ji ) u-bll JJ^I jljw 

: o'AaJJ 'mj / jjjaj f jjtLiil jjyJl 

(d^ij^uii) /" s /^ 

vivi 

( djiJll jxLuil) 

o»Llll Ipj-/ t jiflll <Xj* t) # i ojdl ix^ « kl*A> 

: <L»M> 

. j^LJl j45Jl yu»jll ^ JiL Uj 5jl£)ll jliiJ. 1 
CailWI jAS jv y yJ\ v, )V, j*y$ o^y** - 2 
j>lll jjjJI : iai^oJl jjjj ixjJI 

aL^I Q i*^ 1 jwm ■ « >> U P r^ 1 ^ J 0 i ^ ^ 

; il»^> . 

sin O^vhp 

\i | 

— = Mach number = —r 
v sin 6 


-575- 



( ) jLb ^aUJI 


oLuaXjj *J1j1 

. ^jUJb liya lijb J^b J ±i j*frr <jy ^ OU - 1 

jJ3L*i* jljJuall jl^ 0! j £**-!• o^isJI JJji lijLa ‘HI o*J ^4-1! ojJl JJjI jj£* ji J* - 2 

. ^Jl f liU* 

, 'yi\ . j]*i jj£ *y> i>jj j\t b^iL. iDi jv (&i f> f^ * 1 j 1 * ^ - 3 

• V j£>^ J** jie Jj jij* > ,>>1- u^- i> y/ty ■»» frfi' ye^' <> " ct *^ J O' frfi - 4 

. *JL> ^juu <u bjSjjoj ojjIj j AejLi» jbJ jk oUiAll j* i^^x* y& ( *^iy ) j^! ty*** J 4 * il $*i - 3 

y&\ . jtjj^l OjlL#j ii&l l*u Lfli kljuui: oL>Ji]l jj uijiJL l*4f jily jl^J £ljjJI *Uii bjilJl *i» jjJl Lai*j 
o^Jl *fry) HXjJ j3jj yJl J^lyjl J^jlj I joSU OjjJL LLi>J tll)j J^5 
r/H ? lj» u£t ji j i*i J* . <ku UiJ jiij jl |/«ls pk»j J 4 * 4 j *«H - ® 

jL* jjup . JUdlS i_u-x* IwuJl Jj 4 Jw yfyb o-w i> 0 1 o*/* 1 - 7 

LI* oUi jijt i>c L*Ia>| itliLsui jli dlj jl£-» lyjjjS u 4 °' 4 ^ 1 

Jl 1 j - -‘i) ILLJI ijJL*S J_*^ j-jij Jjib »Ui iUiJl ait ^ 1 cm ijtf JjJb ^J**4 olj 

yi diiw jjjl U . li* jljlftl iip oliilSJI 5A* Jj) gjj) \ CwjL-S* !«*-»' 

V IfW JLu'!ll jjl» d>Pj oljilill DJLfJ <^ » .*»|>1I oljjill 
J! 2.0 cm Jl^> yakill j ilaJl *j* ^jW 1 i# l» J«" ^ ^ j* ^ » u - 8 

? jj*il <^U> |M »i+-J j* 4 * ■» 

. IfiiU ^ijJl i)l> ^ 15 cm I^J^L jLl>l v^wS oljjyJl jji - 9 
jj-JI j_>0 jJ-al 1 jit iyi ‘l"' oULx^l !>h> ji jJ*" t> ^ z 4JJ / l ^ J *+ u - - i® 

? A*Llil ^by jif ^*-Jl o^«aU j>yi JJjlJI 

I>j£l_jl J-ajj v_ux J] Lja> J-i*^ Jyjj • X) 3 ** 11 U^-* 44 j'jif^ 4 - ii 

(^jjkJi Jl ^i jj jswjL^l OiiLJi fJ 1 yijl+-x*l< J->f oeJ^ 1 J! 0* Oi^ 1 
JUl £J -tu /i-»X -i-lt jjSUl J-Sifl , O^fljl J] £*ijj j3»^ll jLfX»JI UiJy-jl 1 

, Jj->1 ij-• o^-JI JJ ^*1—»l k y-5uJL k (><^1 kjjWt; j4x*U jw'il Jill 

. oUaUI 0A#J Lybjaiil u»L-Sl I , « dy> Jt J-a>j klu*4 jJt+iJl *kj* J 4 ^ 1 

JoLoj 

( Jj j^ Jt jmj fJ U 343 m/s tl^Jl ji ovJI j! y&\) 
15-3 f-DI 

!>}ll JUaI O^ 4 ^ J J^J 4 * 1 •' jx* 1 ji i>i*j <ijb > 5.5 S Sjjj i>j A6^l C/J* ^ -1 

o^JI Itj* 0 * lj^ ( 3 x 10 8 m/s) *^aJI «j- jS dJjj . j>L-ll J! Jj-pJJ ^i/ 4 - 4 lii) 1 
jli lij >UJI |JJ» jljJu U . sy** fry Jjjli-JL Jail ^IjLaI Juy fr jJ^JI £** - 2 

1 uLlI ji ■•■!*♦ U5 i^jjl \ty JJ 4 ; ■•'.il. iLp ow»Ji \ty jl j^l V 630 m jijl^iJI fr jaUII ^ 
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(Op)l) ji>f- J^mJI 


Cuolb JJj JJ$ V jfyJl ji ti**l]l ^jll JpJl l_* . 530 Hz Ojji Jjjy jlJu> Jlj . 3 

. 1550 Hz j 180 Hz 

c^S 57 kHz ojjj *_# Jj* jjj; jj oj* jL,b p)UsJl ^ * 1^1 *il ji^iU*JI ja>j . 4 

l-*j Ui i 1.33 nun yiliDI ji 4 iwyl< o^»U ^jll JjLJI jl£ Ijlj ? ^tlill ^*jll Jjkll y> l», »Li^l Js- 

V OyJl 111 JJy 

. 20 “C <>jj jjf jli oj^Ji yL*J 15-1 JjxkIi uil> ji ijjfrll UjUJi ^o» 0 wl. 5 

. 29 il^JJ *A^Jl M\ ji j^l. -20 D C j 0°C ^j Jp »I*JI J o^JI y L*l (15-4) UjUil pjiHI .6 

pifJI jli J| L«Jb d)j 

. 9jlll ilft ^ OyJl \Cj* jl ± 4 } jwjU Lu^vjJl iijjll J|U| Ooj ^Jlakju^I . 7 
, 15—1 JjjukJb BIImII ciUlyJlj jijjul'lli *j!o 5 pi i v'i.jL ■> i■ ~k >»H Jilu k_i_t>l. 8 

ttjjll J.bu yu->l . 1.85 g/cm 3 Jlj> (JSuJl isltfj : 1 MHz ajjjJ j£ Ujup 3455 m/s pUI J o^JI . 9 

. JJjjJl lift 1P pjwll iiAX*JI 

. 21 c C Jj 20°C ji 1°C jljuUf LjJ> i>jJ o^L Gj ‘l^fJI ji ifj-i ji jjili ^oiili j» Li. 10 
Jjj <—lull oL^pil J u' i ,■ / pJ Ji—ii Jj lUl J-S *jjya Cj[>y dUJil Ju-j 4jJL jUp'ill jl^*i J*^ « 11 
jj ‘til 5jlj-> <->jJ oul5j 4 3j^4i V i jt . J I —jO 3.85 in yt ^1p Jl*»/il ji «jLj j^»j jlf»Jl lift uLii$l 
? JL-Vl ^Jp IfJ&JI j* IfJIfU-lj tyJI Itjll JLj! <* jUl jijll,» U (I). 20°C *4»1II dt 
j_Ul ji l» CajuJI JLj JJ S ■! *> « > 1 1 0>yi 4jujJl jLfaJl JlLu jl o>j oLlI jt>^J jSi^ ^SJ (y) 

JL ^1 oUJl JLjJ JJ Ji Hji j! yjjv! J* 9 ^Jlll ^JftZJI lift j iu JL> oUJl l* J-j: ji jiw JJj5 

C d)j j* Jil jLiPi jlf jji> xli ■ * *■*> jjjl lj| 

jlfiiJI ^'5L>1 i> y>* *S-Jl J»> jU »La olj JjLjyj oJI o^Jij. 12 ■ 

ii>) J-l£ OjLil J-jJiAj ji ^ LSilLI XJU !iJjJ>)l yuliJl Jf lyji &Liu> OMj . iiyu <»La 
bj-Jjll! j 4 2.56 8 Jju tl^JI y iSJxll CjJ dli 4 l^uljjy Jilj ollj ynaiJI Jfi ijjkit 

V USl JUftJl OjJ J>jl Jju jl 

15-5 j 15-4 jUJili 

j-< U^-L JJ ^4 o^l 0>jt+><4 yk 'j* • 75 W Ojjj Jjjuj ULUl v»Ji_il pH dl^Lu - 13 

JJ J-*s o«_Jl jft Ui i 0.085 W jL^x* J^ j* i^jliJl <^^«aJl jjjill ou!5 liji. 50001^ Ujji "oL * 

V buy> Uti> Jj luL^53l SJLfcaJl Jjv>j jj pHJl iiiii U V jtfx* 
Ouill J^L> Hul IjIaJI rjUJl J| ^mjui o^JI jl jijLiij 4 52 cm 2 Ijlvl n L^Ij Oui jj jo*j jlpx -14 
v . <jya <jy jIp ilylll Bjjill jIjL (j i 4.35 x 10 4 W/m 2 l>ulil jup o^JI jjJ ojli Ijli . LfJS 

V J#i-*ijJt SjJJI jjLk y> U . 4,25 x 10 B W/m 2 iij>. 15 ■ 

? 0.55 W/m 2 LjJ oj-o! Jjll-ujJU ajjSJi jju* ■uj Li . 16 • 
jiy>j ji yijUl^ 33 dB o^JI ju-u jlS IjJ (4y) ^ o^JI lit jj—i ^ Li • 33 dB <J ±1 jiLu (I). 17 • 

? lyO JS ji jlfxJl ji c^-jUJI byyJI ollaJI yi ji U ; 90 cm 2 o-Lu 
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( o^all) jiit 


56 dB k-yil l*Jxi jjLi4 l* ^y> jyu-~) h»lj iiy J ijJlSJl ^fii\ Jt luLi J**, _ 18 ■ 
f^* ^ ^ o»> * M* 11 pf 5 ^ J* j^* 11 ji uAfiUJ utfbvll L* Lak iiyJb ixill tfyUt ij£+, IjU 

? <i*S yju jXAi 

^ <-»/!! j* pt>*y- fjk L»vi pS 63 dB jjU» Laiui 35 l* vi»o»0* liy j oyJ! ^y-* -19 ■ 
• 0*^^ u***t p&v i> ^ 0* o"^ ? 57 dB JJ I* o^tfJl LS^i-j 

j-» 5.2 a» jlc 3.5 xlO 3 W/m ! ooJjl ojli” Ijli , oUl»j*ll ^4> y ^UaDO j^Ha .jy> jOa« ojaJI -*■■■'■ 20 ■■ 

? jj-oll j> 2.0 m mj jLt SxiH uii U (»_>) <“ <ytt J£ j jx«ll j* <*m 1I ixyJI iiilkil jljJu y L (i) » y*Ii 

? 25 dB <j o^aJI ov*-w jlii ji oyJl oxi ,y» li. 21 ■ 

r 88 dB 1*5 eju2Jf jiui <iy j o^all ixi o>»i . 22 ■ 

o^-aU joSm* yJ ^ S-i^xll ox* cJaL- , 105 dB l*xi &yU») 2.75 cm 2 l*lu 4 UL» \+iy> <jj> . 23 ■ 
V1 min 4jj i y\ ^yjl JJ d>7il I liLUi jljju 1* , LaLaa <jj oxuli 
V Oyo)l IlfJ &xDI jM L . JLd-ii Lo*> JJ <3x1 Ojljj wiliujf 6 JJ £jy> 6X1 Jji-M jlj . 24 ■■ 
S iLiix joJl oyJJ Jjill 11* Ji& JjLu y U . 35dB <*£ J»lm x^ 1 J jr j4*-25 
jy* y* ^ 8G dB ^ 45 m xw Jt jti* Jiy, jxa* *> *i*yii oyJi ixi . 26 ■ 

? jxaIi tv ijjiii 

15-9 ) 15-8 oUxill 

jJ»5 iJ-^u Ijli. 15-1 ^ JiUI^ j #j a L5 *l^fJU »/!•> Ji- jit oyl* i^^ji y j+Lo jl*>u ^ - 27 
. ( JS^JI 11* y ^J\ ^U. £\ji |J ) V by Ij^a ^ii3 ji l*£jj oijjy y-i ^ l»i i 1.35 m SjiljJI 



ox* y+J } .I^JL V' J ^ ^ I5 " 1 r u* 11 j^ 1 J-Ji-28 ■ 

k**M J>1> y» L. ^1 objyll JI ol±% 66,132,198,264 Hz jlpJl oljjy x£ l^j l*ly*l o^Si 
. JJLtJL jAM y Lm l_*55 y^l j4*JI Ji jay il ? Sjlljl 

oyJl oyi jJi 3r Lwi ^ U . 3400 Hz ayi ijjlku l;ly*l 15-2 ^ JilJU yU^ll jljl^^Jl ji*. 29 ■ 
V P <LulJI xp Ixva (wj) ? P <Lii]l ale l^*> (i ) Uale 


4 


L 


P 

L-x 


f 


15-2 f Jii 
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( OyJ \) jnifct yywtDI Jail 


L-x L = 27.5cm viu> t jjyll yd< Ijlku 15-2 ^ olxi^ll yVJlalll .30 ■ 

Jjl ( I ) P diiJl JUP JpLla p —y JJjj j! OP . 15 Hz ,ja * I Juul jijlfikJl j* dull i oU^I JJjJ 

* »;*+» ^ (V) • *M j-*i 

. x ■ 4.6 m dill jIc y^ll . x = 0 dill jit LyJjl piy t y-*il L*j»t <*l^ jlyd jljLf^u . 31 ■■ 
J-rfiyi Ja-xll lalxL-1 yp JaiJI iii jii t 42 cm IfJjt SjjljpuU dy ciUj* jjLjj (jljlfjaJl yl$ liji 
f oy udii vJLiii Jy*i x - 4.6 m Jl x = 0 j* 

>d y lii^ bli . x>yJl tfj, ;w tejjf* (j^lfxJl JljuU p 31 llUl y <dj jfUIS U3y . 32 ■» 

? x * 1.6 m dill Ip ld»-u oyJl p** objjll y j1*j i jlfSl Jj yj^l o» Jjjll 
J_>^|| j-6 U*4»i Imj ( |>J»ii (j-JjXaa LaPjbiP 1 ySi Ai siypy ) Ijjf- oijiLe (jijlp* 16-4 f Jill Ji»* - 33 »■ 
■J-t oL«ll i. L a d 4-LL jj D L»jJ uL-u jjuj ^jill y - 0 ^Ujil jit Jii Ijxtlu (jl yPjilj i d Ujj3 oLa 
jj JL at Li I (jl via*>j . 820 Hz LifL J£ JJjj ^ILia &jye jliu,; ,jjjLpJI J JUji yU1 , jjijL^kJl 
(j^ll AkLili by 5 x 1 yjL oyJl ^ Jy* <Jjj ij^Lf>Jl jt JS i> o*JI jJl> yp pi (ill y = 0 ^Ujil 

'jj ^mto ^ ( b • .^rain ^J 11 0 s ^ W J 5 ' Jl J" ijLiJI O' dj* > Jj*^ 1 i* 1 **- 1 J* j 

. 15-3 ^ Jlill y 6 tyjll (y) d = 1.0 m ) D - 2.0 m 

y*0 

15-3 r JJLi 

.’min 

Lijj^j cjIijJ tl^ix Jl>yi jL\ i_ijU (jLSi) yiill j3_j)l <*d jbjl j>I ,ji OjjLJI <m 1I (jl»£ uijb jjli. 34 

? >^il yyi l*y*yJi ISJ l oljjyll y Li k 275 Hz j^yi joi Jjy (jli Ijji. 1.3 Hz 
Lilli jljjpi jjj) 320.4 Hz J/ill y^ll jljs*l jjji (j£Jj k Ld/^ll <:y)l yp Ujjli lull yd y\a III Jyj. 35 

V (j^IUll jyU jh oL/jlJI JJjj yk la . 321.1 Hz 

15-10 fJLil 

Jii p»j\ ¥ LjlSl do* Uxp yjj oljjji ii'JU Jil y la . 76.4 cm lfjy> ylL ylj jLu JJ* olj L^li. 36 
. Oifi^ll l»yu IfiSUj dUa JxJI jjS . JJj3 JU V^l J>b l^^ll 

jj y JiJ LySl Jib l>^ll Jil pij\ . 90.5 cm lfJ^I> yjyjl l»yu oyS illj objji <jjU y^l y la. 37 

. jLu lyjJj X>l dlw LylS' ydJb JxJl jS 

Jjdi 5_y <Jjj>j 31.55 Cm iyy'j'l y ‘Ul ^lijjl ufii IjJuP jJjJl dji> A>jl 15-14 Jill^ <yi& lyj y. 38 
. liUyI 15yJl JJjj Jk>ji i (jjP&j'il ytjp jy (j Mj jl vIiJaj Ijlj . 40.65 Cm Ifjf till fLLjl Ujlf 
L^jl J^jJl lj-» |jjl l.a — <i—>>>l l^tij . XJaJl (ja ijyla Jluii-iL pjJJ yj y alii j*P j*u yi J*j iiy. 39 

hij_LII JoP OyLaj Jl>I JjkP <ilw Lyl IPjLopb 5jyIII j jjjj J>JI pii . oyJI 

V ikyi Jj ydH; alii ^k-/ pi J*P jl ^1*3 . 81 HZ Jjf-y)l C-^! JJj JjJ* J** ’j[) . yi^l 

la ^ ,jLU dljl oljjJLlI y la . 2630 m Jly li jyyp lb j*j jy jx j+j oX y j jJl jjyl! Ju J^L iLu . 40 
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( OyoJl ) >All 


oi» Jii Oi>j jj i Jjj jj JljJ <u*a!I 

j_ixjjJl jjjJi y b ( I), 747 Hz ^ 581 Hz j 415 Hz iuJ^I oiluil objyJl iie Lujj ijljial oyi _ 41 ■■ 
^ jUj L^JjL a>I jl |il jJJaJl i>yii Ja ? 8-iyJ j«(LiVl 
jLiu 550 IIz jj ( jJJ^)l LajjjJ i^yul oib lili . 1270 m/s Jly* ji*jj.UfJl ,y oy«Jl <tj* - 42 ■ 
? ULxJl ai» ji ( _j—>t—»Sl jbiJI JJjJi jjSy bid < ji^jOfJI 
<_JjLi jj> 1 i^jJI A>y_j . 18°C o-jj j^Sj 'njj> 630 Hz ojjj U-Ul Ijjy 4 juaj j>ji ijyjl jj«aJ . 43 ■ 
\ bu jluySl J)'yu Ljo£ ‘Uw~Jl objjjl JJy y» b . 27°C UjJJ i»jJ Aifi jL»w ji U/i 
j* '■*•' ijy jJ jiJUySl nj . 67 cm ^yiii jLu iJJj byu J£J jlibbij jlAyl. 44 ■ 

6^U Jiyai J^wJ J! ouuiJ Ijji . jiill j**jji*iJI J* JjM O/ J ovijj ^illl yi^-Till Ji 
V lfw~u jlll objJjl JJ y yk U» i JSJ j-^brfSl JJjlIb Ufll jljXy jyjj^l 

15-11 

jy£j LiJuf 4-lu3 j_» 3JUI jj 5 jljJUj j_LfI UjJu JJjj jJUi dijjJKji JaI>0 iji^t Jj>Cu jl yAo Kiy* jL - 45 
Jjl j_4 cu-o jjjl oyaJl ay j^ jSJ Jit Ijjcui SjLJl Jj»oi jl y>o \ty> jbj ? iiiL ijLJI 

? ijL_JI jyiJ iii (IlJ jj <5111 ji 5 jIjLj 

jjjl otJl jj j y b . 2040 Hz Ujjjj yb bw r ju.v y»j 21.3 m/s IajIjL ie^o Jit Ijjuju yk> y±> - 46 

, 15 C C m/n tl^Ji ijlj> oilS IjJ -• 

^-(^11 yuJI kLul X y_>iit oLjkJ^I ji / Ujjjj ol>y obj‘lj>)l jSjl ji jj W5 jJ-aj - 47 ■ 

<y^jJl 4 _>^a 1) jja-jll J_jlsJlj JJyJl A>jl ( I ) . La^l X jj^kaU y>yi «L»o'lll jj 17.5 m/s Ujlji* ccj-u 

3Jl> jj J-»Jl )y£ (y) . (J jSI—Jl «ljfjl ji &ye\\ icy ji yaf I . X jy>uJl ^ <*^>W ^ 

. x j j*jJJ ylUl obs»^li yy* 

LfJsyL. Xju ii>^<a)l i>yi y«5julj i 12.5 m/s Ujlji» Itjo JaJl> j* 440 Hz »JJ y Jiy* jXm *yyij - 48 ■■ 
? JALill 1 f.»t..ii L»S k_A*lll i>yll JJy ji it . jXall «j >Jj>a4 ixlAi J] J>Aul lJIVII Jj lail>JI 
j^jjJ jJ* JJlj ojlj JJ Ujup Ui>J 770 Hz J! 850 Hz j« JIaJ ijl^y jijj'jll jjLLu i>jj cjyij . 49 ■• 
V \jUJjll Ijloi J^>ou oilS <tj* jb . 10 0 C jujoi il^fJl *jl j> i»jj ollSj i £jLJl 

olkajl JA»j j* yjiij Ua^S jlS Aim jiijly* Jud> tiJ ^1 1> jjjlAu j4Jkl>ul ^3 jljllaJ J^Avi .50 ■ 

Lj v 32 m/s U»>JI ji jjjlLxJi i>i ylyjl jl j c 550 Hz j^llull jyb o* AjauIi oyJl j jy jl cJU bb 

V 4.4 Hz 4lx>JI ^lc jSLa jaLAi jill obj^Jl jjy jlS Ijl ji^ll jLUl tfiy 

15-12 ^Jijl 

LLiJ o^Jl ^>l> jl y >I jy Mach 1.8 l»jji <py+i O<lao iihli j ji lilil jjilb jJw - 51 ■ 

if J—I jl (jjjlil . 3jjlo LlsJuJl OJA jy DjJltJl jykt JwJ j» IjIfiAl 8.1 8 »jJJ jij Aw jijSl ^ *iuu 
V SjJUpJI jJw ^Uijl ji jif . 350 m/s kl^Jl oyJI 

\Jusj 3 j»>./«li <j*jll ji aJj t 320 m/s ojjf ovJl ic^j j*w ^Uijl jlf ijjyA jy #yll» yl»3.52 
V IfJ J>UI JJjJl. by UJI i By* J> b . SjJIDl ol>JI \j 33.5" Ujjj <bjlj 
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( OyJI ) jilt Jrflil! 


Lfcjj bySj) . La;! uj oyaJl jiiH JlsJlj i ^lAijUl £♦ j-jjbU jyJI y^UJI y SjIyJI i>jj jj*Z . 53 ■ 
o ' 1 otf'jiiJ . 1 km fUijI Je 218 K ty£i Uu i 20 km ^k 1^/3 218 K ojly. 

Jj CL^I AJ 0<j 20 km £U>I Jt yj 8700m/s call* yjUJl .Ull y, jyj| J^UJI 
IfH—J yd* 4 _,uaJ! <_>JI Lyljj ylll jjlaII y—>1 . 1 km o^jj fU3jl J| \+iy>) 1L*J 4800 min 

«UU jjLn 

^1LJ< Ik 340 N j-lll liuAi yulli y a jjk j* cum 2.2 g/m aJjUI AjitiSj 4.0 m aJ«L .lIL. 34 ■■ 

*-***) Hy 1 O* y/J^ J^>!j Vjk j4? 'i'ljj* y-*> i> jjSuu lyi-a li»y Iky (JjjkJl »k Ci>u 

j* 0^ Ay> y^ ,> j- 1 ^ 1 J->J y*l>$* W^J 1 » o>i jlk tfyl) Jill y-L£ olj 

iiy ui Uj AfylSl yjj yiiljj lit . cijUl y« 1.07 m »jJ Aiu jit y»l$l b£t L*Jk 

30"C AJjaJI y »lyJl »jlj» <»jJ yl yijijl t OjrfJI 

L>jj cxili jJj 1320 Hz i-UHJl L^Jukiy jjy yL$ 0u_i>u y*»y Ji> a^ y yPjl A^yii c*Lk _ 55 ■ 
JJjJ iJjliUj <JjL*Jl flj 4>ljiw"i!l *Ujlj , yJjll jjyj C«ijjl LpSJj k 23’C JwJI <Ul5 y A^ljik^ll SjIyJl 
j* ^ y 5 Ujac oUy jW«j 1320 Hz Ujjj3 L_,Lj luLu &k)H\ iyi yo 

■ ( j^k ^ 0' »liji IfUJI ijly. 

icftl—ii cx«l5" Uxua , f jjjiJI ojL-i» Kgya ol>^I y*iSL 15-4 ^ JiiJl y B «A jUkiill . 56 ■ 

0-f oL_yJI jjji ijjklAll ok*')! 100 km/h U^oi B ,> djuumj A j» Ljlu LfijL- y jyj 
. 23 9 C »l^fJl ojly <>jj jl ytfjL jjjAdll b* o^all jjy yM*!. 20 IIz j^juall Jiyo J>lj; 



15-4 j» Jli 


• <L ^ 0* 3.34 s jjj} y*j 1AJ »Ul 4xy Ajlkijl Cuj 4ji lyc* yjlj jju JaA yi^ yA»vi jljl _ 57 ■ 

( L^LJI ‘Lji yoJJ *I^JI J*»J ) ? yjJl Ijjb jtA U 
v uj U» i 90 W jm&JI mj A3jjj 0.50 mW yjL»\ yit syi Jij Ijl - 58 ■ 

ijjJaJl 205 Hz wjy jiy yiy jj_Aj . 45cm L^JjL r_y»yTj jU* ui^b olj U> A^^jl. 59 ■■ 
jljS-i! Jji jJl-mII iJl juP . Ujyu AjUIaI Oj«il Jt Ijma* J*i ^ 5yL* ^Jill 

0°C Al^JI ijl J> l»jj yi jjtel v fcijll lifj ijfcllll ybljlll y L, f yuij 

Lmwi oL»y *J oJy v_sy*Jl j>>va -ulii-l jk oj^j aJT caa-bj Uiif . 10.6 m b* yyj - 60 ■■ 

• y#-^ 1 j* y 1 Oiv 51 jk ylfll JJjJ y U . Aj}jb jk yA«jjj ummaJI JvL JyU cJu) 


-581- 








Ben Rabah 


.JUl t jaJI 


4 ua.daLuUHj 



i Jpkllj . 4 J 1 SJI j*i . t iyUij 4 11'. ii oUi jSl jl> Lil/yJI _y>l»lill lijUp ylLu U 
jjju tLJw sjUI olii yi*j g^liAll y*>) V^Jall V*^Ua]I Ji*. U^JaJl J Jgil gi , ijl^Jl 

. axuu ii*jl ji* If, Ij*...■'! pj ji - yiUill j* <kLL *Sij ju jiJl ( j«jliJ] <*Jj) jLyS!l 

cu_>vli< o^yi J jJSilgjj Luj J JJi jji>4 ^ y** uj*)l **ljy g/Jl 

p»S>>j ^jjJl i^JUl gjili g.ui. T . S ij > olixill g* jjjLili {jfCy JU* i|i (jti.l iS i . Uj^S 4-i^xUl jIJI JjLi LlgJ 

jLfa yt-i Lulu jJi ‘UWI ylj gf> jifi ^UJI gj*)l J^U- ^ ^UjJl i>l J5j . oU»-UI Jli gw JtfUill 
"llLya i yJJu _jUill gi jli %Jj jU g-* yjlll* **y ji* LajJI »g*J tjlg»jl glSj y~*JaUilj Lfj4^ 

oL>u Jy> y LjLi jyuJI pj J_3j . <ygf5 O^lLx* ( jUa I OgjUill CyobUil o^LaJl gl J-*j US . Ly U 'U 
. 1 jJ«<u LfUgC illi pi ; tyoM Lyj Jiiiij Yjxf • L^« yLU 0*1 L*j j* uilbj ; 
jj £_y1 4 »J*LI tjOi u> g* *11 »UjSj U g«jlif U 0>^| 'll JS ySy^SlI LjaiJl oljbjoj JS gu g*j 

^yill *yoll oljjS'U aj,f >S'l LLL U»Ui J*y jij • Ji** JSy LipJl LuL> oJj> Ogf>l *Lwj py uv UjJJUU 
lij_>i ojyja-i ji US . yiJ^j jy^Jl Ji* Lyj^iSJ^I o^lUiUl JSLj JSj LLgfSil oISJaJIj CjUjIIj 

j»ju*j jlil cmUI / i >» i fyij jji j*y»U5 jUll j§ cAn> j& y U a UlN ^ 

jljil JiUj ialyUl ji JJiSj < gyisJl ^ JiL» pUj jjUJ gS-ii Jj L-.l’iII 

. <ili>JI ^pJLJI 

t *lib jj giLUl JjJji j yi> pj ji Juia Uk OjU jil iilyJI gj 

JaLy UjU LUSl aU ^ Jom jx> i*i-a g-txl UlaJj . p^iU*l jl^vi^l p^jJ Jj^l jM jiljill gSi plj J< 

. L-/L*ill oyJI *1jj l^w ji y**i (>. Ljji ^lUi Ji alL oljljill ^L» 
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dMjJ 1 j-* jj-i JUJl jyoj llJx jffun .Jl ji 4JI JAH 
^Si ^J« . , jj-p ji Jlj* ‘l;j4SJl plj>iJ jl£ Lj^t 

Li J.UI j. J-J5 ^ L>L jiL^I «jjj| 

(—1» W* j^l LJjiftJ 

ol^jltullj “LliJI oLijjLl tliil£j . 5y.L Sj y*y 
iijlil! jojjj , tfj o1*aJI (jLJ Ol^L J^ji 
JS J^-P j-j ^>L jl JJlLj *Ljf£ll J>Jj *iu> ^jJI ilil* 

( |j^Sjj ^jyji ijj» yo. ±t). otf >j L 
*l^fi)l Lf^ vjjJ; ^1 jjJJI |L; ^ LjUJi Jw*iJi j» ijj* jiij <_ij-j . j**Uilf JS j! 1 Lfi s j'lS 

• ^ i> flWi 1 ^ i^> 


u 16-1 

jl l-ij^ l J^3 jrfjLJI jjJJI ^ <il ^fXjjtjJI jilixll ji 

*-SL J*-< J] k r ,jL ^ > " ‘LiVl jij £>±>i jl jSL ijiyJ 1 

J}1»). <Lu^l JJ-I lfi»j « jjjiSJj» j* jlij^iJI USj 

^ L i ‘LiS'l« 4 j_^£J »w-ijLJl j* J1U jji j^>l jLt j*ll)l j^ill 

. <4*l& jjlij ji tillj ujl>L lij jJull 

rLeu^i jfjM jjJl 4 jJilji jjiL ^Sj^II l>Llj Ij5l ‘LLJI jij 
Ly»v ! - oiPj ILj J_^Ij j-Lj Lijj 3^1 LL <L-Jv il^All jju iil£J 








:16 1 JLi 
“ ■ liJ-f > ‘ji-J JX 

ijUl ul—ijjiil) jk ^jJUll OUdJl 
• 4._-jL^^.Ajl lI^JI 

b jX jiuJ il^il J 

• ( J* 


( oVbJIj jjiJI) jitfi j^jLyJl JtdiJI 

S*y j-k * 'tJLJIj » « v*-*^ * £ji*l J* jji jlS US . i^jjIaJ 
, u* yi^ ji £aj ^iiii uj^ai 
VJ-*) • <j-ul»li*l!« i-jjj^SJl LLLi tyL j_jki (jLJlill ^UjiJl ofJ> ij 
yy^yJJ ^LSl oliLXil jl*jj p ^idJI jjill ^.UJl ^yjl ol^j 

ja\)± oy** 4 ^ ■ r ■ £ iSjXfrj^ pJL»J< ^Li 1871 pk j 3 . ejjJU .yL^SJI 
>»J J jj-*A> °-“j* fJWl £j*j LS ‘ ujji-SM j-» 3 X-lJil oJLH LkkJl 

j-iJlj j-fcJI V«L*lll i^yi SiyJl iyA JyJAj y 1911 |)U j Ljui J^kJj 
^Jj! kJjL»oll ,> XL jLbj 1 Ijp-i^) ijiJl Liu li^SuJ Oj^l l*Jp- jjjy 
Lm ojj^Luj f Uj pJUl XL 1917 3 1909 0 * M cu*i 
. ojj OjjSfl^l ixt <X 

JLX — .1 JJ Uiiu JiiiJ Ji» b^SJI dxJI Ajyl> Lib ^ ijuJ £$1 Ufij 

.^IjAl^llyijilfJI^SlI 

<U>wJJ jJWwioljjJI 16-2 

jl^j (^4 DjjJI (jl J^LJI p-ill jj OjS i ^J| oliliiS^ll OOwijI JuU 

. L^__JLc jJL dxJl dJL oLu*> lfJ^> j ja» XjJi d>u ILX 

*L^*e5JI oljjL ,> jSii .ilUt , 16-1 JSLJl ^ by$\ 5jjJ V**I4 Ij* £**!) 
Lilb Ojl»a SlyJL; iy^yi LxJI IX y l^-S «JjUk oljjJI J 

‘ j>^l »y iIL> . ilyjl Jj» oljjjiSJ’il l^_l,«.xi jil LJUl <JLJ( IbXJ 
S>y b^all +6e jt olull jli j>iyI jjySl^ Xvi -e XIS IjJ 
■ ^ 1 vy ^ 11 U J&L ,j fJ 15 J-oi JJ ijjll iuLaiili liitill 

JjLx - LaUu bSt y jj - Lwjii <JS jjSJU jj_jy Li jlf} 

oLXill^jiiLi j_« - XJ J—>J j] - jj-JI jjiJl L^ak IfX XijSl 
^ til i ixji jiijk'jii uxi ijJj ‘ ML-J 1 y ^y 1 

3lj-fc>uJ l > bj jk 0 L 0 X 1 ^«£uJl luJUJl I 4 I, ibb ollxi Ifjle 
Li ijLc Ifjjj cJX pi <x>y OjIS »l y* tj> oLXi OA>i Ijlj . oljill J>lj 

. U olj j jt <£yju> juju 

- 'jj.y <-*^3 - »jjJl i> Ujj&! j5d^il jk t.a iu n jl jbj 

jJ ( l_uLJI iUJl j» yj ) o,u^)'l {ft ui yj I JliLl jix- Jfi) 

j-aiii iiyji oijj oiijyiij jimt jii ,yi^>Ji iiyii b * 4j ^ j «HJj 

Jliwl ‘IjJ v—UuJI ryi) J^—Jl jt Jdjj ) . y£ Oui^i^ll 

. ( ‘Lyjrfj JjUj jJI oljjill j Ji ^yi Ijjk . . IjjA 

-lLkuj livxiu <i *»0 ^1 ob^yiSJVI {ft LaJL> Uuli yuX,! v-^wuH yli Ia5j»J 
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(wtfbyJlj Jjill) 

J] JJlu oLijjjSfill jiJlj |> Uw yji U-^ Ml** 

. 16-2 J&SJI j~ey US o*ll 


16 2 Jii 

jj liinlt ujij ip 

j_£■ J »^tii ulj jjiil^l jli Aj J»al*s 

. ijiSi jji juoul i . i j iii M 



oUjjjSM 6-* U^V jli yj >Jl ,> teU jj lllj c>l>j l#*ii t»i y* lP#J 
. ■. ash ^*31 ijjj, i^f. 4o>yi olixill jj Ujii «!>* i vy^ 1 j J Ui 
^1 olji ^ jjl*3 oUjySSM oj» ‘ «*■** °J y*r 

L^jjJI 5j_jSJI o-uSu lifJ 4^ ^ ^ 

, LaJl> U >u <ixi 

Jipij. oUxJi ^ jj jj^i ji«j'- 4-^ J'y 6» 

J_J JLpfcjl! i I^.tillj 5JUI ilxail J \ifti UjJI U^l 

• Ojj&y •-*/* 0* 

ojj iiiliJI JjaII 16-3 

Lull i <^JL»j i*>y ollxij llovl* Jp J^-oaJI L»iy Jij <$ 
i_yjuw LlL ilLuj L^UJJ <yi> ol^S ju iiJlSH lijiJl jd>U £*-+> £-») j> 
|j[j . ^y}\ ji ^LsfcjJI 0-4 4^1 4- 1 ** ° , / il ^ <W i&H) 

16-3 Jiill Lp^ji i «*i yjlU £0> »lj»J «-i3- J»*P- i> ^ 

JL[ U IfU gm .. ‘ . L)1 

j,» •.»>■?> 6* k yU-pll '+-**1 £■* ^-W^ 1 1 

ytyL (iUixA >JJ Jtfj U^J> 4***# I> O 1 ^ 1 - 3 
U*yi oUxJi yi ^ * jWI 4-** c^ 1 vM 2 

. ^JL y^Jlj cJLJl cU>JI ylfj 

lwjb>Jl 5y jP 0,y^- u« i "^ 11 "’y 11 J lji * ^ ^ .^ ,J 3 

j^iy JUI yi3j£ll Cw J**- J*) ) Ww 

. ( 4v jUu jJi jyy' i ^ ^ jA J 3 ' 
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( j 44 JI) ^jLJI J^iJI 



6 €- CC 

M (') 

16 3 Ji-i f Ml iMimim,imirii»>.MWi.ii l fWiWi L --—.—..- 

u*i. ji (i) yi oUjtt 

* (-*) ‘ (v) j* J* jiUjvl*!! CjIjSD 

* j a 'iV„H ji J5_*i(j) 

W**-4“ 1-^3# tW 3+^ t* 

(*) <*) 

JjlyJI 16-4 


6-1 o^SL* LfJ5 oljJJIj . . olji ,> <3^ Jiy* uy£ &+ J* 

, jijJJ tjjjf. ill ^IjiJI ji ojtijJI lyjL> pliu d *i] (ijJj oLjjyUj 
o^uyi : l*Aj lu_^]l LfJ jiJ liyj jUI 1 UfJl pju3 jlu*a>j jti£p*A* JU*j 

( JjlpN y ) 


M-jJ v 


J—«j*S ji JjL*£ J-uu jJj oL*al jll\ J ^*3J viJU t~J JU» * 

, iikijp Jji.'il ulUl Jj jt } Cjlj> 













( oVb>Jlj Jjill) jitf ^jUI JmmJI 


jl* 0j> y±) OjjJI Jb JJ Ilk iLyjt Ojj <jj olijjjill jjil i JjlyJl jis 
ji_J » L* JjU j* yyil LxwiJ ji y - IjtfJj > SjLII JiU <Sj*JI 
y Ljjlxili ^ub cub ^ic ijjli jyb jJ JjLJi .ilJj ojj <syi cL^y^Jj 

sJUujulll f jJSn V JLO ^3UjJ| 

ij_> olixi j-lz jy>j jj ) UU V_<l ~i> »« dLu LjJl <u^i\ o 5 L»yi Ul 
jJUJt jj Bjj Ji j! > pPjJI • <jyL o^Ljjj oljJiJIj . SjUI J^l> <Sj>J 1 
j^_»uU 4 -iyu oiyjl j£ sjjjuJI oUjySj'jll jl *l(] ij^kAo jit jl ) lyuL iljUi* 
UJ'jcO UiL> jiiJl JlL> U J>ll j-Lp jjjlj yJJj Jjy Jl fj . 9 jjJl jP i) yy+t 
yJL- yuui) cjJuu jjcv} i I j+Jj. Jliw’jl! oh* ji >’ Jl £»)* j* SjJI—Ji 

CrUjyiJ^I JOAJ u ylil; I. Ii.niill jl* i ( I) ul i jl j}J ) Oy* oL* j* hxill 

yyai yju* U^kJI yJyj • jJ*ll ju i-uy jrfjl JJ }li)l J>b »y*Jl 
. y.j.Aiil j* jiill ji 4Mi ^jl JJ ij»JI cljj uni'll OXdJI y>jj 
JJlxJI Jl* . jiy I j* uiSi ; jjp-yi iyi^Dl o^Uill J» oljliJI CjcJj 
4u-i 4_»y»o ii^Jl jit Sjjli ( ojj ) oL_jji Ja 

CitiLil li jJi j-k ijjli olixi J* iSy>j olUyi J 5 j . will J^> 

, OjJ ijytjit |.L>I p yjLfcjj y jilin Liifi ijju£ 

( JIJ4SH JliSlI) ujJ-jj&NI 16-5 


« m 

: 10—4 J£*i 

J-Ljj J j VJL—jjiSl! ^iL-u iki 

o —» ujlji * >Ji J> r^-» • 
y-y>ui j ( l_h*j ) i yj' 
0 — c ^ 


ui—ay *uii-l fUjfill JL jt Jiy 
{Jj yil #AtfVl ^IcJ JjljPj IfLcJ 
, | CiUii | JTVdbJ 


j-P J..^ll *J#xy ilji yk ( 16-4 JiiJl ) uJji-jjyiiTlfl 
jliijj jb2ijj o Jjl** Jjli ( jL ) » , > ! ». * » ? j* jji* j*j jljil' oLl>i«i 
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(ljVLxJIj jytl) u^jUI J^ill 


k < >, ; JjLe ji JJjj <LuJa 4 4ole J>Ij . ykjJl jjlij j« LUU 

A->3j 4yjj jSjj j- 1> ^Li»>jJ^ oUll lf_>j 1 , ‘I * H 4~u}U ji i n n i l l 

• oli^l 

4_aL) <_u'>L jjfi dJj j JJ oiL ji iJL <l>w jl j^ll {jpjiii.j 

5jA!l jLLu jj tjya>* Ol>w)I oju» jjSuMj. iyLuil Bj5LU 4jj>- ia o*i^J 

Lilli Cir.fc.ill Llj . Uy^u l«i«> l_Jai cuaLJI olLjJij yi.Ailtj 

. jj . y-yiJI ^jJI ifJLJI olixlll jjj i jAyl 1 Lyxy Kt jito 

ji lj-» j-t Liujj , 4_utjJl olL^I, > .i j i fl illj Sj_5lJi ^_k ^liul« JfLy Lyii 
4_fcilLai! ol 1 fc.ilb t> > — wj J I *i UftjiLuJj <5j>JI ^yj> - j^S^II 

. (i) 16-5 JiDl y ^^1 jliiJJ. Lylt 

J_1 Lii l 4_yA*ll bjill j-i 4 ifc.tll 4jJU 3^1 Cujj U IjJj 

Jl ^\a <^oaII Oj-SJI J_>Ij <jJUI oM ji 1^35 jjj (y) 16-5 Jill! 
IjJ LiU J4 S~i.ll ki/X-fcjj . jyL^I jj_j ^lyb’lll ji ljuji iyu yj-oill JiJ 
oj’SLpj ( (_>) 16-5 JjLJI ) yt5L_jjj&J^i j» cl>wJI y> w O 
. y*5—ylj_k*l ji jl Lf-JLc lLk-i ^ ^jjjl jjSkJli <lDj 
yijSJL UjIjL llij LLxJl OjLij y>j>j jL$_>Jl Ijjt j.lj>iwL 

jJ jyU)'l jl yj Ouli jiu Lfjlli .J>j jl dLij ^j£j ji jUl JLU) 

<x>yt * 1 X.1 ) 4_iljuJ1 jl j>_i 


:16 G 

lyJaJ ji j yi*S u j jiSJjfl y&y 





di>Jljj j>All 16-6 

jU ^IjtxLwL y— <> jlc lillfc— jll«Lc jl^y» 

Oyw)l j-« 11 j.iil yiiOLrfl Ly ^J a jLiJ ^jJI jjlaJI ''Jjj _yAjJj . ILL 

SjiJI jL jJ> jjUl . iyJJU 5/ jfci J iifcJl yJL 

oUifcJl Jxjo Jtuxi'il lIixjvj LiJiit* , JjLJI ^aill p'i 1*5 yu-oiil 

jJ~u 16—2 J5wJl I f > ^ill 4 .Lull tJAj . byUl y>j yuiltJl ji 4^ullll 4 jJLJI 

• J**j»lli j^ill 
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( ____ 

o^ji U !L*j . Sjill C»J 4jJ>\ SoW V*^ 1 > f 1 ^ 1 ^ ^ 

•i (*1) ^>l> o-fcAii y# ju* oi * j5U J 16-6 ^ 

^Si uji^ji o* y u* ai • (pu»^ > -hsji o* u** r 

U*A Ul*i 5j53J -iW JW3 pall o&jjtfl >V ol* »j^J 

Sj^Ji ^Jp p oLo 1.1 '<Jlj! jl iilij |J c\ ^u*j r* 11 v*W ^ 
p* ijiJI y, dtl & t** *W*-JWI fcjflf* Jb LtH* 

j^i 4m* c>t* LL) . • ^ ‘ uj*^ 1 u 

DjSJl 0* 4,*!! oll*All ol* (>y <y ^ u* f*A ) 

i^Jl ^ wjiJU *^ 1 ,iSj J • ^ ^ *♦*" ^ 

i/ll J 3JSp JUu ) . u*/ll J! J-^J *J® j jli j* ’^ L oli> f ^ 
r* j^yjj. jd c utf —|M r^i '* (^ 
jJ*~\ |- ji »LJI u-ufLil l5J>!h ^ ^*-' 1 ^ *W & ^ 

J| ijiJI Cm LO cli>iJl Jiijj J JjWj ■ ( j* ■*** 

juJj t jijilt JmjII i^JI J-#» Li Ity . <Jibu* £-S 0* u[* ‘ 

^ Jbs,! ^ (ill ) ^iy rC f*J-i^l'oLi ‘ 

, ( V 0^»^l ->M Ji^' 

o^l y*-#s (ji 16-6 J 16-2 c*^ 1 ^ "J 1 * ^ P 

y,. ii>ji s^ r ^i^-j f 1 ^ ^ JliiI ^ J<JI 

, ijb^i i-jSju ou*^i o^ ywi »* 


O 


:16-6JC 

C,i A-iV Ltk*H 4 -*iJ* »J-S j*- 1, 
. LJkliu 0»—-S3* H ijt»j 

L_w^j u^H ijSJij 

. iiAi- iivi L^l, JS 




«uai(y) 


Jjl(l) 


jljljUJ ^IjJI 4jj>j 16-7 


i ^UU i±L sMli ub ^ f 15 1843 / 
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:lG-7 JLi 


( ovujij j^yi) j& j^jUi j^siii 

t ( *-J% ^|l j}J ) yjl JJj J>lj J»^ iULuj iixill lyJuu SjS Jji Wait} 
CfLo^ill j^aj ji Jt Jji L* ll^jiJI jtfjj jl» (y) JSLSJl y LS 

• jJsi-Jl jlc oJiiii jj 

£^1 ylj jJoJl jLL jJ oLixill OlSyftJ UjmS i Ji ^ Oj^Uj 
oPjUl Lai* 'i'l j-p^Ull Uf *i) J] jtli^yi fJj . yy y v ^£-jj^J)l 
. I Jjball 4JI> JJ jU j5 jJjJI jl J* Jjlj L. yjl JUi j. S/)l 

j—I>ljJl j(ji>JLj <ip*ill ya*il iySJI y*i^lJ ale <ji k Uul jljljlj J*>*i 0>J 
rljj/Jll j-i Lilt LjjL*)j&y jjijj jli I (_*) J_liJI j Li v yJ 
y-lijj &!“• y^* J-* lj Ch S^iiH o-eji yi . LJUJI ojj» y 4il J* . ael^aJlj 
JJ> jJall jl jJ t. Jju,! L—«« ( j ) JiiiJI jj) LS ofijf/j* LL 

j-L- joj'j ijjl <lia_>J y L_iti t j_>l v- j.. r>jlSJI y» o^SIl cxiji Lalej 

cJaLe jJ poll ^JilaJl jla^il t^Sil Lu}L jli jjjj L JLj . LuajJ! 01x^ 11 
J^uil (-iy5LjjiSJ)'l J&jj ji du>_j. i^l jj*-. jle LsuWI iyjill ilxJI LLi 
iSLIjli jJJ <J JWJl jljukJ) ipl o-aH Lale lSy>03 y yaU ^UJI ya*)L 
i Llw SjSJl JaLy iixill jo jiis; L <^le jli jj yail JLLlaJl ^LJI j! «1U 
culS ^l)l <LjLu LiL> <ixi ^►jlSJl otui jSl iiji at yail jlj 

.ijfllJijVlIy 

: LJLJl ^LulL j* wjLfJJI boa ^lc ‘Lr LuSajj 






(U _^SJl o'iU'Jlj jyJI) jitt jjjLJI J^ill 


ojL-*j o> - * i >-i.xL*i <Olt Jjl*l» jjjJM ‘l*j Jklj joia jk lj[ 1 
.UjU y>ljJI jlj^Jl yk ojU'Jfl ^ 4*JU*j jIjaII y 
USUI UxSJl jlj aLijiJ jl>ljJl jllajl jj>kil yjjul Uiie 2 

p-L>Jl Jifi UsiliJl <ixJI LalaJ JjW) vlxxlb 
4_Jj iyl—n 4-l x . t j|i ; JjUU jjM tUj Jib jj>>Jk £■" y. 8 

. tU^l! ^>jl>Jl ^kJI Jj *iju #jU)l jaiu 
j\yi laJik yj-jliJl ok* jk J>Uu |fc-> Jl UtUl <JUiJl J$ yU 4 

•US j jj jl U>JJ j$JH Ju>j4 jLn 

fjjj uiw-j o^L«?^ll ^_k ijj->jll I olkxSJt 3_J*xi *++• yli> U 
^L-iSl jj o^ySill o'ilxiJl ^yuj ^ or 15 ^ 

1 . 16-13 y» 16-9 

U*iJI »1L 16-8 


SJLIj ji-i j«j . A 4 0I44S ( Jfi Jm ) JaiU; ouJsJl ji ISuilSUl ji Lk 
sjus j* J£ ^kSJj • 4 k*JI ttyJ 1 ‘ iilkl * oLiSJl 

yj£JI uk> a**J olj uy»Ji«i» Jj ja U.ij UJj . jyU wiUiJI 

j&j jjJ 1 

u> jjJIyiJl oi-» u>ij. u^iJI ol^aSUl jk jjkJ v'Jull j^lj* Uui *Ulk 

jjjjl jj olkJJI J£J jy*Jl C)l 1 <o*SJI iyli 

, kit j^ill ILt jj LU Ovtflj 040JI si* ox^-si Jij , fljjjl lijli jk 

j>^>.» uJk iiUs jj |U-l* Jii ok aj*L> u/ku-> -Uy i> ‘UWI jSk Luki 

( y ) jJy La Iwb oUxSJI jl lyttJSI • ii^Ut o!>Lxm J>b ^>1 

IkJ Jl >yi ( -C 4Ju*S ) jkx»] *jls ^_i JeLiJ <ilj ^Ijj! ^!* J* 

) jayLijyll^ +e Ui xS ^4-0 J^l> 0^ l*jk Jlibj . -M UxS L-> 

fyJ>Jl jfit) ■ UfklS jjji x Sjl jlj 1 H? < 1ix* p*-L> £* ( L*^yi 

i Oy»j jjj . JxLilll J-uk jl xju IjLe Jkj t ^ j* 
oi jjmi . Jj juo £yj*Ji o^> y* ^*^1 jfii 

^ itxji ji ijj» j* .. <**'-» ^ y 4^ i£*e iit-j j>y 

Ijjk j i jjUJull JiLj 45 i>|j . iixlJl S-Uu jjil# ^ U ^ 1 . J 4 *S ^ jjfll 

: La ky y^ji jlk ^ jyui 

. lullui uLc j ijl*^ 4^4 j' k»w y 1}^* ^ 

cyii 6 j_sji jJ oiiyjjaJi y oiijyii'ii jjp jl ^k jk* y jyui ji 
j-a ^Ijji jk*£ ji jL^pI Ifui fk o^ULiill j-a llak |Jk jxl* ‘ pljJI jk 
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(o^lxoJIj jjiiJI) jLtt jjjLJI JjulII 


. (j*iI i jS> - UlUjm |»jl> j_< p_tjl ojLiiuil oLxJjl w/ljj olij.ii>H 
j-»Jlj iLjVl SjSJt ^ y i ji ji * jjSJl <uiS)l <LjjLeJI iLDb 

ji 'jlj i ( jJUoJI j_> 4 .jMI 4_jUl 4 j>.‘JI j*Sj ji jH' jj ) JsllxJI 

j-i* lj_» JaaLL Lj—j . UJ j^ki vu oli JJmw ijuvjLil «l/Lu lliiyu 
ol ti.j.xH tL'yoj tLi# JjLa Ljua£ i kill j J| iiL'iLj . 1 _dL^SJ! jiljjJI OjIL 
^LajJI jyLi jli i_JUJl olSUsdl ojULiJ ^ LLli J jjJl oLj-oJl CS IjS-jj jl 
^ Ji* 4<i) ii' jifi J| f^ji 


j» jj ^5 16-9 




:16—8 Ji«l 

jl, titiio'.l jl yi)j 

■ J - S 0!j j— ^ * A a>^' 

, jliUl y* j^jLuM U*Ui»-i 


^.iLJI jyUl ( 1806 1736 ) jj j^L».>jl jJjlij yUJl LuluS' jJU 
i 1785 <aJoaJI olixill yjlxij L^jLiiJi olixill _jLjj -uuS «Juu ^jJt 
yjjJI JJjj 4 ji.*) ; 4 jUD ^L«> jlj^j 4 liafl^j . ^IjS jjjlL jjilill dJj j*~») 

jU jjill jl ^jjjS £lklJ t **jLJI Jj» oLljj ^ jiLilS yUJI 4*j*U 

jSi*j / i j> i jlSL ji j^jS jilDj (16-8 JS*SJI) biji*4 jilp'-L j**4^ 

. -fl 2 j + 9 i l ^ i* * ** j 5 U»J Ufjij on r iiLil £• iijlilL jalUi L*jL*l 

Jt Jjjuj 1 fjj ijSIl jic Jjijll ijiill jl ^lliLol jj ^jJjS jSjj V-Jjl>\jjl ji lifi 

WijSj* j* iiLli q * ^ je3i>«i)i ojL J-»l» £♦ 




F = constant ( 16 - 1 ) 

jl jjiu>ji Lt| LOIS j.ua. j > A ll ji jlj . 16-8 JSj^I ji j**!! jlxi'il a>n jjiJl jU 

jj r-LY L j ■ <e j»il_ oL^I U C 4 «Jj j* jjSj- OjlJl jljuu jlj jijulL 
2 |ij SjSJI J* Jj 5 |l* 5 j*Jl jli JjuJI jjj JmU jijjJ jjili! liiLi 16-8 JSiJI 
. oLkO'il IL-SUij jljill j i^lk* jjS 3 jij 
jil —0 ji 16-1 4 jjl*]l jj OL-wliaJl oulj <uJ ji jSiii ji Jjj 

j_i IfJjLkJ jiJl Oj^SJI ijillj 4i>^Jl jl 4 j>^JI <flS jiljil 9A>j jl^ 

JJLii ji j^ii ^ 4_1>JJI 0J_>jj I jJ 1 0j^jL»Jl lu-.L'jll Cylijiill 
Sj!j_>JI 4—>jJj jijJlj JjWlj iLiSII Jli IfJlij ijiS-Uj iij/u oli>j ji 
22-8 ^JUl jj L*Sj . Oi>j Jjyu ji a^K olj ii^Ji jli 

j/an -J jSl Li. jjj^-SlI jLDI ui_/5 ilxSU ( JjjJl plIuJl) SI ii>j jli 
ji JSJ oj^-jJl »3 j» JaajuL ji>j , (C) <i>LU SI cj>j ji <ii>L^ 

: ijj^JI o3S^- fjljS jjJli jli g 2 ) 7i 





(o'ilbjlj jyi\ ) Ju- yjjUl Jaii\ 


F=k 


q jSi 


(16-2) 


vi* 4 » Oj>«il'u k CJU*UjJ! O^U , jjal^ r J olj>j^ F j»(ii di^> 
6->l J» jl) jljill j v>nJI *1 y>\ Jrf J jj 8.9874 x 10» N.mW jjL* 
. 9.0 x 10° N.mVC* LjLu SjU k ju*> . ( tl^Jl J t-u^i 
t 4 —i>L-i £o j_Lc j_LLu (1/4n€o) lyLt# UjIj k ojLUi ouluj 

; UUI <Uai)l i»xij 

6o= 8.85 x 10 n C 2 /N.m 2 ( 


2m 


jt .>■.» J>iyi ^61\ ji 16-2 iljUll J Lja*Jl ^ 2)1 JL>jL }.<& Liili 
J->lj pjJjS UfJU J-S> jljuu ijxJui *- . * LUJ |jl jJj . ijjy6 ImS 

4juJ UjlJu ijit J* yy UfU ^5 jli j>Ij J» UjIjuu isLn UfJLwLij 
4-*»jJI Ljtf4> jj Ifju JjLxD iiSUI d>-UI oL^S Ltl! jiyt ja^j 
. Jiiji ^jS^Uy' 1 *' wl* UgjUii 

1 16-2 ».all J UjS’j US jb ajUl J»lj ±>y jl!l < 1 > < Ml •u^L'Jl 

4_U*il c Ueij . e >»jJL^ l*J J*yj uyjyJlj ajy-^^' j* 11 

: j* 

e= 1.60218 xlO' w C 



:16 9 JLi 

ji)i y oijjiiJfi > \jU o! 
^ jjx ^ ^ Aii j) f jt 

. < 114)1 W*» 


. -e +c U*jliU ijli 16-2 ill Jyi\ jU2u USj 

J_L >0 jj(_Uil jljJl jj j'ill ^_I> Ifjlltfi fj jillj liyvill 4 -.US 1 oU*-*)l 
1 LuS jJui\ 0 -» e. J will liifti LfJ uu>u> o'iiUu jl e UjIjL <&£ 
. * LuiDl J j jj >*11 UxJ . ioS jl 

Cy>*2tj) oUi**> yy Uoi»J >. 5^211 u+e J^>l yj^l jy>) 

jJa} . tjuy Jl If J uy Jj (jLiJ 5jiJl JJll yli 1, jiuuJl lf«fluu Jt ijj »JJm 

J_S yjj_i • <_5 JIj iuxi j* jl < JUil J**- 

Jl lJ‘J\ Loill bjill jjij . HJliJl U>JJI ^li ijlli jjlU yu*> 3lb 
aJ^Lx'I djlA j*—5j • j 1 

UUI iJU^I j2uu J <!LuJ vui ywSIi Jj-j Jji) )jJ4 


jjjJjjDlj jjijjJlS win ,i^ll JJl ,>uv yli 4-.LSl oltu»l iiiivll oljjWl Jt «lli * 
pJj . 'kft ji e/3 Ubyljit oLixi J^xij (olSjljS jM ) oL^ jUoi yi j)S2 
i>J dJj oji i Jjiuli ^ 4 ^ 0^1 ^ y*j 1 *l**-^Ji # j* J*» 

. Ui>'ji yiii i*»—U li* UjAIL it* j, ji 
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( a i*jjill oVUJIj jjill) > j*)UI J*i)1 


: 16-1J&* 

ii o±yj I , »jj 3 x 10 22 y^> jk 3 g ^ j-kJ * <j±* b* 

Uli. <&y ik*J Ufi* Ji' +JS\ b* *>* W" jJ ilnH^ 

»l^fJ! J ULu Jli*- >Sl jji " SJ -“ Jj» k*J>l £•) 0#»J +9 
, 16-9 JSJl, U* t J^l jj» 2m iiLaJ p » S^i»*« £• ^ 

f ^1 tj* ^k idiiUJl Ufili <> J&\ q AkJJl jUU j» U ( I ) 

? -Kjr ilxill i ^ U&A «* JS i> Jlj? jl fj cJijjSty JJP (y) 

? Uj^J! jUL* yll ^1>JI oljj -S ^ Uj (->) 

v * ( i) i JVkAlwl 

t d -^ 1 ojj j* ^ 

0.03 N - (3 x 10' 3 kgX9.8 m/u 2 )» ntf » iyjll : 

! jjLJl L ^uJI ^k ijJjil »jU> ^ iftWI ^ u : Jl i- 1 
; J 16-2 iljUll Oi ^ 

„ (9x10® N.m 2 /C 2 )^ 

F-- 5 

(2 m) 2 

^ ^k Sjj*>II ikJJl 
V q 5l>JJt Ifk £>**33 jiJl iljkil j» t* : Jlj** 
ijjj ; 0.03 N y»» jjjD l*jL< F iyll ;lkj ^ ji <-*** : 

(9x10® N .m 2 /C 2 )g_ _ 0 Q3 N 
{2 m) 2 

i^ikk JVJuu*l 

? k}iUI olijytfNl jop Jill U ■ 9 ^ &l : J 1 }- 
£yjLi ij+Jj +e u>j* i_jUJ <l>«i Ajkj o-ifil j J k< ul/^1 J* o! : 

. n = qle p kjslll oOj^sSJ'lfl jjp 
; ^flhk jy^lul 

* CjjiSJ! jii3 jSll oljjJI j*& n *i^k U Jt}-» 
j^SHj , ijj N = 3 x 10 22 yi oljUl b» J 1 **! *» ^ ^ : 

. n IN y> olijySJJ jii< 

(i) *j*Jl j Ua>j 

. (0.03N)(2m) 2 

g ‘ 9xl0 9 N.m 2 /C 2 
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(jjjj^SJ' oVl>Jlj jy)\ ) ji* i^jUI J«mJI 


7 = 4 x 10'° C = 4/iC 

. y» oJyji jill oUj^iSJ)'! Ji£j 

n= l = 4x10 6 C _ 2 x 1 Q» 

* 1.6x10 19 C 


. ojljJu 1^-5 JjL*j Ijjtj 


A = 2x]0^- i7xl0 -n 
N 3xl0 22 


LpLi J) iii oli*wJ (jl J#>H , oijjJl j» 

■ *jt£ i#. 

: 16-2JU* 

. 16-10 JiSJI J k-Jl J Jil I 72 > i/jil Syjl 

I : yilxU JV AlJ 

, 10 16 J&JI ,> I y ji)l 72 *ix£ll Ja Sjijil ijiJl i*y : Jlj* 
jlJoJI <)L;Uj • 72 j-U yjLjJ 72 j 71 (>-» J-S yy : 

71 Ifj yy ^1 ijill J* jiki-ij 16-10 JliJI j US ^j>Sl jejti 

. Fj <jjSi-j 73 4* jiji ji)l 1*1 Fi jjjll 71 
? Ejjiiil sjiJI yL> uuS : Jlj* 
oUia J Ji ^jU cuLS US i iijjili ill* JS J* ^jS jyli jtf U v : 

'■>>>>< & 

v oUxJJI *\p\ jW J^Uij JuS : Jtjw 


3 -=“®- 

:16—10 JSm *"*«*£ 

7> ^ J**}'' vV 1 

.Fsy*iA 73 JkljFi p F 



«u4* iir* C 


uL*> -3j JyJil oULkjl CjljLi^l JaiJU CuiSOLkI jU 

, ilt: ^ oJp OJ I ItfjUll ^y)l ^jlu 

; jj^ull jjil) iJUJl ^jI*1I by& ^ 
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(o’SlU^lj jyjl) yu jrfjLl! J*A)I 

t . (9xlO H N.m z /C 2 )(4xlO" fi Q(5xlO'0 

t\ =-— -- 

(2 m) 2 

= 0.04 N 

Fj _ (9x l0»N.m z /C z )(5xl0~ 6 Q(6xl0 ' <> Q 


(4 m) s 


=• 0.02 N 

• rjh jyl I aj^J ijjLall jyjlj 

F Dti (q 2 j£) = 0MN 0.02 N = 0.02 N 



. 16-10 Jiill ji jLJ! ayJl ajja cvlij 
. 4 X 10 N : . 4/iC Ujtji* 4 jl>w jU ayjl jl>j1 : jjyu 


: 16-3JU* 

. 16-11 JiiJl jJ +10/iC UjIjL ll»w ^ic a y'^,\ aLaxJI ayjl j>j| 

: ^ilxU JValuil 

9 +10 j/C -uaJJI ijjijil jyjl oUl>Jl ji L : Jl^» 

Li . jj-dl jiUu 0 _jj +6|lC LowJl L$-J yy ^III Fi ayJl ; OL>VI 
? JLI Jl Fj oil>J iyi yyi -8/iO 4ix^JI 


:1H—11 Jii 



Lr Jft ij_Jl>*Sl F iw^l! ijill jU^jf 
j j—ill L, wai jl ifi +!()//(! <ILIA 


vJ-»> a-* 

• imjto 



Y tfyll ajja LLju- ^Jl ij^Ol ^ U ; Jljw 

• (fa oft ■ M *? 1 



















( JjiJl ) jifi ^jLJI J*wJI 


F (9xlO l, N.m a /C 8 X+6 tiCX+10iiC) 
(0.3 m) 2 

Fi m (9xl0 9 N.m z /C z K-6MW 0|iC) 

( 0.2 m ) 2 


>* l* JS j^li jjiJl aLkJl j,wj £|l t JjUI Jlill U5j 
• ^ j**> » l+i* J5 jIjuu 

V Jtfj : Jt)- 


J! . tjjjji Lkj 4_^ jjiLii Ijj t ^IjnUi* Uf/J . ^l>)fl 

• *1 ^ 16-11 Jiill 

Fnrt = Jf\ +Ff J 6= tail' 1 y- 

I 

Fi = 6 N j /•’a = 18 N 


F« = V36+324 N= 19N 


J1 &jt 


= 72° 

6.00 


: 16-4JCU 

. lb 12 JiJI a ...II +20//C <u>.lll ^ic 3^J| 3^111 x».y 

'<y&u« JVjLukI 

? +20/iC jk kbyjl U* U ; Jtjw 

l±$—lj , Lj^Lj LlK* IjJ <t>y> LfJ5 olixAll jl 
37 c Lijlaiu Lyl jj (J-wSi (Fa) v5j->Sl U . Ji—>! J[ Lf*i» (Fi) jjill ijj>J 
0^11 JI^IJOJIJL} 

? j^l* £**j ouSj : JI^mt 

• f 1 ! J! y oLii C k j^j ,y$x JJ Fa 3jill JjUj «_*** 

< L i L> JI jL>j^ jjjjillj Ojisu ^IjLXhJ p 

y,|Jll)l yijljill jjil* ! iLuilUllj J*Jl 
Fi = 2.0 n F'i = 1.8 N 
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( O'ilUJIj JjXJI ) yJt jrfjLJI w UiJl 


16 12 

j-it K J,)—ill giu 

F <Lox*j> Sjil\ ‘20 fiC lliiifl 

• (*) J^' j 


4l0uC 44 mC 



Fi?y = (l,8 N)sin 37° = 1.1 N 

U» i-olfill 5j3^1l Sjill U<5 j 4 jj£i lifJj 
Fa: = 1.4 N j ty = 2,0N+l.lN = 3.lN 

r>j 

F- V 1.4 2 +3.1 2 N = 3.4 N 

) 

0= tan-'|4 =66° 

1.4 

. 2.3 N ; 4jL>VI . 10,/C ^ie jjjjll Sjill jljl» j>jl ; 


16-10 

JLxJI 4_*U jJiy j>vfJu D'ijf L#_^UI iij-i)l 4—tjU* yu»Ull ,> <31 A>j ji) 

J 1 -** (i^ 1 iJ-r** 1 tA J Ji3 

»Oj_. Jj_uii]Lj JjAxII ^ill Ijj 4-liila Ji Ijjj jl Jjij . liLubLJl jj <UijL)Jl 
. Lujl*JI JLhJ jJ^II JijII <u>l jj>j 
btjSji ol Lpodl Ojj'jkJI 3jL jJp ijSJI jl <Li> J* 13j3pI jaJ 
4_JjLw jJj uiSIjSJIj jiUI . <jy jl tJ»JI jJU j j> Jl pL>'ii ^1* 
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( -Ji’LxJj Jjill) j 2# i^jUI J«wJl 



VL*» Jlk ji Jyjj Uiji »i-» d-ai i/l) 4" V^ 1 (L*^ jl* 
jiU j!»l ijlll »1*SI J JM $ 4tii 3|l • >W> w» J* 

. SyJI dl3 3jw gt lu-lili JUJl oj_i jj£j JU* 4; 
JLai jli L-JLj 4 LfljbfJI J»k»3 jl y-iliil jjj 

: JUJl jlfi oj*Ju j i»i jjJl 16-13 JSLsJI y >» t*S j-w 
j_Sp*-Jl u-ij »Ly! J* jib*- <5li i A UuDl Jk £-ij L*> jl j 
ykj \ jiji\ 1-ii.J- fbjJl J] jkii 4)ls J** JJ U , jifi I 

jj jij M'i 16-13 J-iili jli tfrfbJi jij) <#5M J4- »M ^ u 
. (>>^ O0oUUo'ii ^Liiboy»Uf> C(5^ .M jbui 
^yjL-JI jljiil yifi jm« 5 4^K —->j jyjl ol>Jl JLi *i JM 
^ l^te jlil LjlkJI jj_£ siy> 16-13 JSuiJl ^ Jl JS-ej. 4J 


cJ yt 4^ J^l IkU jfini 
' • ii >v in j# ji #iJi JM iiA 
j—^ <i!3j 0^- yfc ‘J*^ 1 

L_^i^4ks4jjj s'jtf . 

J^S Uc.Lu M ■ j>uy kJixJ j* 

>4> y* jwj^ 1 y'j» ^ 

J+-* <jLi > i j* .. 

'i—< J£u ui ■ ■ J>4 

<jPU»)l ji jl U*U ji 
jl j—V^^jf-i ^ 


pjjll £* Ijjlillf Jjj i SyM ‘ o» 

JL>JI Is^kxi ItJl oia J{ Jyu . ^x> jiji\ jfi Ijm 

^L-^Sl 4- j Jy jill i«^l lUh liUl i J4^' ^ 0i ** 
4_^ jilu iX jJi »yJi i^ 1 4-^ 

^j^Jl JbaJl o^i $>j UjS j-ill ■ ‘ ■ l'A *! uui • i&L' <*>y 
i ;U 1 j (tLxi 'Jfi jll»i-) ) p-> £S) itL- JW 1* <ilw* 

jl .jJLt , 4_ii j 3-S/I ollaJJl vl* 4 j» J* ijijll ijill ^ ^ 

Ujl»^ 3^)11 oll>JI JS Jt sSjk ^4 yy jl^'Jll 


. J^l Ij#L- 4Jlj ( jJ« ) P Jfcb Ciil i oUaOil »i* jl yj 
4J»& : ji sx^j 4 _w»1>j £*Z <j>* ji J**"-* 1 J* 

p-.; .* . 4_« ijjjiji oiixJi Jt- jy jiy ^ -uaw V| y i* ;i*s>vi 
jLii .^11 Uxi -. j i. - <u 1 m)I Ad>UI > . 'uji*jj . (Jl IfJ Jtj^i 

1! ij)MI «CMI jt % 'I VUI J1A1 SW fWW| 
^ Ojjyi ijiJI »4ol ^ *il ^ U !Ui ji jo# 31 Jl ! JI ‘ L ^ 1 
jLii.1 Uxi ji iuu yiyiiJj. Uiili >113 y ^ j^ 1 ^ 
Jj 4-l| ■ (1) 16-14 J-5LiJl J A U&JI Je o*-ij ^ 4^r 

ijiyi ijill jLi I J*l% a JUP p-jii ^ 1,5 * ^ ljJI 
jl^ <JU-3 jiJI ^Ul jp jfcJI jiii >UI J! lijW <*»* 

:18 _ l3 ^ <jfSi jtji-® JU-ji t) 6*w- ^S» b* jk, . jSjig w^yi lui l>ji 

jjiL-uk uijViL-^uju-.^ yu iJL/ L)>A j-« uyJL JW ^ 

, jijV' j* kls ii*4i u; 



^j> L»S I y)LSl yiij 4> r <kw j* yjill JkJl s4^* oti» ^ 
jfkl jyliJl J! 'jjU £*J3 L}.yi Lxij . (y) 16-14 JS^Jl j r*y 
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( ctfMj dj*JI) ji* chjUI JrfuJI 

kj^ii j-« ujilL Jl*J ^ Jilj . £,11 3jj*jll i*jlf iixil! 

. ■UxiJI jt 'juju 1 , 1*1 i*>y 


16—14 JSu 

(?) (I) 

‘ jO+£JI s ^' 16—14 J5AJI ^3 Ulu«j ^1 ip>J< IjLxJl, 

6* lj *v **"j gp J»y*> Cjli Iji, lAj , JU*JUy|»> 

iJLJl oliaJjl y>j 4j>03j k_uojj l 

*■*■"' j4-~u v* 5 wijdi- lull . LA ^^*4 JbfJl *yit ywui: 

y M-** 1 ^ <JA1 oi jJl£ E »l*ul jjiy . E ^^£11 JIjmJI 

ii*l—“ j+-* E jljJu li , itJull jib 5,111 Jl>Ji Jsjhi oljjl jjii 
: qt ilavUl jib jljuu J* <juu ,lu>^l ll*ui Lp ,jhj ^Jl ty)l 

E = F lq t (16-3) 

i olkvlJl 0J_>y 3«J ^aE ji iiu>j , N/C Ipl ^k uijKL, E o!u>j jli l&j 
01 JljjJ tyk jl ^jIp . •u>J 1 l jLii'jl oik** 3u>j) ly Ip! jau l Lib Lili 
J 1 * j-»> 1D 6-» j-*-® 1 *-*>*!• f .. * *»■ —o oi ^>yS Jbku 3u*i ^IA jlf 

kjljiu ijj^jll J,»Sl ol>AU yljkil 

'■* ujij jtuj jjjfSJl jlxJJ AepJI ioJI jli LfjLfJl JLxj *, Jlxll y LSj 

4 ^ 16-14 jSuiJl JUJIJbjkij . Jl>Jl l>*kiJ ^LJ! JSLill ok 
»x>j 5,ljll ijiilj , oli*jj]| j * yjiJ^ I < .A»/ j« jjiu U y,»l 

oL>-i)l j_i y ill j£w l jAl jj5u ( j^ill Jl>JI 3i» jl) ,lO»!ll 
■»-> j—all J! l>jk* 'r'jliju «iu» jSlu U Jl>Jl 3juu jl ji 

LJUS <L>>L/ Jj« 1 l akk ji Jl»Jl ixi ivi jjiu U Uibj LpJ 
II Jl*»*l) k i h Vj Jil> j* OJOil jlli j Jli»jl 

<LjJaAi <UawJ JLnaJI 16-11 

<!>»•*« ol*p»^ jl L jjul oJju ^ill I JUJl Uib IbJ 
J>>j Jf . 1*>A oll£ll lit jlkl LA*j Jlj>Kl |Jfuu jSj , jbyl IpJ 
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( liVbJIj Jjill) ji* o-jLJ! J^aiJI 


+9 r P K 

•« - - •><-— 

:16—15 JS« 
P * K y^> JM i*fi 

Ajakin iL it 4ja> jUiil 


^ JjJj Juu Uf 4xuu >*i>i* J-iilij ii>w tJ^Lr tilLw ijjjviil OjSJI 

<JkXw ajiij jill JlfcJI jlp yi l*J y* lifJj 
16-15 JJLiJl j-i P ^-Lub j_i£ JUJI ojw yL> iy Uit ydylLJ 
yj <ll Jl_>JI >|l |Jjut q L o>y 4__jluj Uxi jfi Ij^o T OLj Js- & ^jjlj 
E $ 4 ( V ) 16-14 JUJI |> til US 4 £jW) q b»41 

qt jLi> 1 jlj . JSuiJl* ytfll »b»oil j* yj&- ^ «b* 


fjIjS i> J 0 *^ W* S/Jil Ol* ■ P *l**li A** 


jL^yJI «Jui J») t F/(Jf( ^ J-a*il <?f yd;Ul b«-** lj[} 


■ 

£- Jt-y (16-4) 

4 __L^_ -i‘J 4 _i..y.ij 1 _‘ 

q oJLi IjJ Lii - j.jUJl JJ <*1, Jb>JI jli ifry q bfij 

. JiljJI JJ C^ki oi- JLkJI jli bJL 
Jj> j>j4 -SJl JL»JJ i >>1 U^j liijj J« iil Sjjj ii'iWl jjj> Ja>j ji LbSjjj 

( 3l>jJl ) OjXdl! DjSJI yA lj*V 5jiA JuA , 4*xill 5-uLxU SjS 

j_« LyU OJJjj l$_*A 4-*>l*Jl JLjkJI J»jl» ■uLb JAW IfJJj 

JjjkiJ! yjSu IjJ V <«&u« jjfll jlp iixJI yi ■ lfj>> t> J! IjSII 
bfcLiJl jL» 9 j_£JI j» Ljyjiijl U15j . DySill J_j> yiuJl L^u |> bjilu jbyi Jli 
OjJJl ja j-** 3 Ii> <*l3uii jIa ylj Al'i 

JLkJI by^i f-i tH‘ U>J jjJl dLib J^ 3 J»*biJl yji 

ytfL>Jlj 16-14 JjSLiJl jJ bal^i 4^- ‘ pi*** Uovi* ijS j* ‘j^^JI 

: yi £jiUJ yl y^ll Uj . U& 

5j_5Jl LixJ y^l__ liLD u>w o^Juuj jJJI j> (tUaiib ijy^ Ifi rjL> JLx^ 1 

lnj5JJ JaA ifijjy) 

SJjij U>vi ^JLa jjJsli IX o^xi* tj Jp 16-4 UjUI 3*Ui3 lifJj 
, SjSill ^jl> Uiiyi iiLUl jkiaii JjJ»*3 Ifji b* ^ **• J* 


16-1 j>&>y Jli* 

1 x 10' 4 C Ujlyu i*>j* •cJaSj ilxl > 50 cm jm J* JlxJ 1 3jJ J>y 







:16-16 Ji- 
Ei j4 Ji! 'j>« 4ji 

& ja i^ji jUj ^. Ea j 
t ^ i v i w uu^ f Lf uiiiiij. b 


D 


( oHUmJIj Jjiil) pf- ^jUI w biJI 

jj-Su Liiii 16-15 J-LiJl P <. Li i ll ±it E lj->j ,ji j«j i JV JUuil 
jj-Jl 4-ixi jli ~<&y q ji . <? = 1 x 10 4 C jjSS) r = 0.50 m 
LS E aL*j! {)pu dij jkj . q jJD ot»J £jl>JI JJ £*«&«< P d£ W*»*J 

' aJjLaII Jjau-u Dli 4 E jhii jLky'ij jju iA 

E = (9 X 10 " N/mVC i )M^4= 3.6 x 10 « N/C 

r 2 (0.50 m) 2 

fU&L^ op*ia \S ottp* <lxJt culi lj| P j j* Jl>J! tjui j* L : j iju 
. 3.6 x 106 n/C : ol*?l v 3.0 cm U>i JLoj 


: 16-5 JU» 

. jp 16-16 Jiu2Jl p D I aLp E _)loiu a>y 

• ^jla.44 JV JUul 

? R Alt jl^ll JLkJI yL> jk yiUJ' liu juLu Jj» : Jljw 
LIjIaII j_» a_*>w JS jfi t B -Lp JL>J' yL> jSL^ 4 p : 

. Lpo4 jljjiill j'i’LxJl £*>>{ p . 16-4 
? JL^vJJ Uf»iH olijll oL>Jl JXKj jjji La Jljw 

lyv rjLiJl J! L^lai Cf>^ iL>y ilxi jt «yiUl JUJi ji P'jiji : <ol>VI 
^_Lej < ia>.till t>j LJoi Ooj IJL ll*A JLxJl Ll jt 

. 16 16 Jiiit p ^j*Jl jy>’yO v Ji p Ei » Ei (jLlf»)'l U^jJ jpj ijjt 
V E 2 j Ei ^jjIdL j jil' L : Jlj~< 
yLL <ixi jp ( j^LJl Jl>JI jIjL L»lwj 16 4 aJjLII . mjL>)II 

(9 xlO 9 N.m 2 /C 2 )(-3.6xl0 6 Q 
1= (0.10 main 37®)2 

E _ (9 xlQ° N. 111 ? /C ? )(5x 10~ K C) 

(0.10 m) 

jA ojjiiil olfUail tJui ^jli» 1 A^alUlijJxll 

£1 = 9.0 x 10« N/C Ei = 4,5x10* N/C 

ji Ei JLkuU njutLiiii dtfjH) 
Ei» -Ei cos37° = 3.6x106N/C 
E» * -^2 sin 37* * -2.7 x 10* N/C 
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(criMj jp ) j* j - jLJI J ^ 1 


j* E bp) 


E> = 3.6xlO«N/C 
E> = (9.0 - 2.7) x 10" N/C 

E*$+B* - 7.3 x 10 6 N/C 

, jiiSl .LsJI jy 60.3" E .1*31 J c*il ; Oip 


16-2 


ip y 1&-5 Jlill ,j B UijJl jj^ g = +4 x 10' 7 U/d* *1x4 li] 

? JM .> W* /r - s/ 1 ' 



: 16 17 Ji*i 


U^UI iliAl J LS Djill yU*j pjIjS 0>li JU-3J ^ 
i>». *J L* jjb ^1 »yll $ <■ B Stti)l E JM Cl' W ^ 
y»;yui jiA oP iifJj • F=( ? E ^ ^ M ^ ^ ^ UjiM 
F = (+4 x 10- 7 0(7.3x10* N/C) = 2.9 N 

E .1*31 J bp P u[j 4 ** r iixi aJL> . gE obfji y 5yjl .1*11 u£j 
. E ^ .1*31 ^ ji -E .1*31 y Ci£ P $ V 1 * li>JI °! U ' 

; iMU oU ijy ,W2 

^jl> jjjli 

JL?J| LJx>3 JOJ*! L4 iiLi y 3«3)l o* jtfijA > u' Wty ol 
: yuil oIja-JuJI p* u^j • ^ ^ >**' j(Jp [ 

. IJUl ^LxJI ,J& } l#*yi olixill JM ^ W 1 

L^J oltf jic Jl*JI ^ Op ^ it* U JO* 31 ^ ^ 2 
jl^b 4*0. Jl*Ji ji itii ^ **yiy <#y ^ > Vi 11 'P & 3 
^ ^ op* *JL- o>a jt Sjipiyji ui. m ^ 

. J1*JI .1*3) 


; i*a iit y#j4« JM t#s 
. iju uni yt y^S j 4#*Jl 
JL*J j> 4 ) A J—*. AM) M j 

. iiia Aii jii jus 


oLUiJl j* jijp Jl W »M Cxhl*J U' 

lill JJI ij* bp • '■+? ^* > ^ 1 ‘'* ,ii * 1 3' 1®"^® J 

ob 0-4 jm oUrf r y ut ^^ ^ ^ 
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: 16-18 Ji4 

jf+^ll* jjlilA Jji • Jill LjLi Jifi 
jl f ,jl \'U . jWllfi* 2- jLu y* j 
f liii uilj*ll j)i| 


(iu^fi!! cAflxiJIj jjiJI) ji* ^jUI JjtiJI 

J_U!j ‘ oLlxlJL L I>«ll iLiill ji J 1 JL>uJ' j£ j&jSil U*U* L)jm J 
. yAjLtUj jf»jU»)U jillx.*) IxuJb JlxJl li-» Jl* lukij jC y*i 16-17 
<Syu>y Ou»j* I. i> ■■ * jl »* 1 ill £*1* j_i> Ji—JI jl Li) 0A> jflXlJ jl d^lCj 
■Ljjoi JjjJ jS!’\ , »jJUI Lj_L> <ilj j&lj jjJl lUyj'il iyu y\£ *J}y* Jli* 
axL-. IfJli A jJ* iu>w jLu>l 3-1x4 o*A_j Ijj . A 3Litll! ^Acl 4 ll» J*c 
ojLkj i^jl^al! »y jjijAj . 3*0 <lx«JI m l^jUoj 3*>jll <1x41' a* ijilH 

j»* If—>ji 3 >jJ jJuj oi ^ AJl j 4 Ijij* jl**»^l <lxi j*)l Ail j i ylisll Oiil 

. A Llp syiJI J»x] LiIaj jjSJ j^jill j,dU liaxij , IJUl iiiJ 
JJLSJI If. jjdf/LlCUj jAjjLii j*ilxi jl^xi pjUJ! JlO 3 L^Lj 
uL*il* <Li) aLc IJlo QjSi JL*JI jl oLlJ jlfi Ijjli jj$j ji j yiy . 16-18 
, jm».i)l jm 3iLul 

L-jL* LfJ JLiii Jc 3ixiJI jy£ 3**j»Sl olj oUlxll j* yfc ji 
IfJSi- j* jSui <iUJJ <ij> 3Jl*»J JUlj . oby-Jl ji LjLxllj oljill Jl* <L*-»* 

. yjjL> jy\J |i—U cij-nlj o'iUJl ii* Jl* ji JWI yL> L***i 
3lkl* j b ytyt) lilA* LkLw yMu licj 4 j^lill Ijtft ‘Ijj j*l£ll Jj*H ^il j -lj 
f—*J 14 jL. Uk«* . ^L-Jl ljul jj-5b ji Jjjj-«ll j* j-*Jj . JUJI 
lilL »jU»J ( pk* **1* J-lLuj) jy$i jj ^ j£* 

3o>L** J] ?LuJI <i» yi-Ji y jKl jSiiilj . tLiill j* l* fxx l»**i jl^ 
: M jJb fUll j^Jl il^o* tL>) j£** iLjJI y*e J£l j£ d»^ i 4 M oj<A-j 
JL fJl L^L>J , ^LJ< Lf^ Li>i j-ill ilLUl J! j*ii ' *> 
d Ai_» 4 n 4 am 1J 3^y Ei = F. c«h ft ^ i*^ v »* M J’ili yj ^sJI jtj &II 
M -ale J^ u^* (16-19 J14JI) n j E jjy ij^oxJi cjljll 

J'Jb- jUI (£iAA) jut® ji t3^ ^ ^ 

US cob 0 <**i Jc IjUicI UlL y llj-y jji* i ( jjjOJI pi j*j ) E L j! . M 
4 JLsJI Ljk> oll^ Jl*3 ^^1JWJI 'ni ji £*>) . 16-20 JSJI Jl ^ 
. AA ^yu* JiL> ijUl Jl^JI Ly»> jac (t^juiJI) jijuJI yj*j jii 
ijJu) 3*>'-u jAillC JJ ^*i* j-jl* ^1»-J *ill* 16-21 Jllll jJayi 
jay J^> jjjuJi ji L4>‘i, JtxJi Ly^ <ji jx43 ynu jjyS Ju* i+j iili* 
jJ j^ij *JI J-j 4 jfl»L»c J^l> ofit Ulw i cJL 3>LJi jJits 
J-fll ^13^1111 jA U i j’illj . E j n jt JS A*Uij j t> ljL> ollWl jm> 
jj ? jbfJl ^L-Ji jJw) jA> »L> jAiill oUlf-j J5 ^*x» UjIc IfJj 
: 

l^uUl ^ 4 _j— ill** jJA* jLl-i jj jUI 4p J ^ 1 ij^ l?** ii! 

. ^LJi Jj J>b olyxJI 31x4113jlU>^i 
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16-19 JC 

p—uJhi (J»jJ LU*)I u& 'jj 

n jj—ij' «iil& i j^Lu!i 
lJ . EA y ■ E JU-11 lijl>- 

jj-£j j—l^S a^LmJ J*!l 

•>> 



(V) 


:ltt—20 Jii 
j-* <**-<» J-iia *w 

fliJl J>«ji j* Sjlj# 

JSASl ^iJ ■ J4-H ) *»!--** 

+(£cos 0)A >-* J-iiHl oA {') 
. -ti'COR 0A > (v) </-» ^ 

U* jn-ij J_» tXJk ji ikV 

JLJI >i ^ 

. A COS 0 *JbU> LLu!| 



^JiJ! jijiJI jLi IjJj il*A oi Jt ^JLJl ^ i 16-21 Ji*) 1 Ul> Ji 
ij_la> j_i bjj ,rt»JI UUI jjl* U jji .J* J**i '■ Iji-e ofit J^» 

• Wl J*^ ^ J* ‘ JU'J 

OyjWI jli i ^>^1 JL»JI J»J-1»> ( ^ ^ J* J **>) 

>s * i ju* a- jm j-ii> ^ j* ^sji sj*>yi 

. UL» *ixi 4xJ* «il)j J3 -Ijj j fit j* 
yb jylil jjjll j***J'j 

Qtot ( alyiajl ) 

KEAK) - ink lq (eljlxJI) --(16-5) 

£n 

jc£ jj& Lm jLSl 1LUI jtn <s } \* jyli ji Jj j) iUjll im ^ 
ptf ^jJI .^IbJI ^ikii iJ^* J-xU ULIi 16-5 ibUlli . > J* 
jAwlj . it*- 4~i ^4 lil ^ ii*- *■*»*» li ^ 

JJUjj i ^IjkJ Jil*3 ‘ JjJ JJLw • *1*—JI uiil^l “i* |> 

jjjSJt JjImJI 

4^1 jy kjjil < UuJl i Jj^Jl JJUill *)i»i C>* 

Uju oji jjJ fUwlj ij—ill* +Q UjIjL 4jJ 5 ii*A yS«lj . f^l } 
A o-SjJj LLL 4_»i ju»j . (i) 16-22 Jiali j L£R\j>Ji Jm) iyl>; 
ji) Uyu-JI o4fSjll Ji ji JitJ! olj^lpl jilji^l £«k!-i Uil* 5jSJl 
oL>Ol fj juj jU>< il>-i jlp Ojjjllj ayJJ ( J>iJ' ^ oj^wJI ol^l 
oijL^l U ^ LS . Sj^JI >iy j. IWLil gjlWI ^ U^ti E JM 
Ijlj. jySjjSjll j* r UL1I j-il jup irfiyi JsAill Ji j*4 Jyi ji J 5 ^ 1 
j*t) r U»>i ^ . (jJA'il CujUI olj) #ji *xu ^kJI lijjW 

; iJUJI jeyej\\ ji Ul[i 4 (A J^> 
Li jj_j j> i ^1*11 jxji jt uiyiJ£ii Ji & j 1 -^ 1 1 

. j m jljiil Jj y U J_/J ^ 
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(iujissi oVLnJIj j^ji ) jU ^jui j*ui 

^Ull >j0 Lij Li ui ^ li)j Jftll JS iic ^jUJl ^kJI Jfi E 2 
. iij£ll li^Uwl 

; by^ b* oL> ,> oUjIaII »k* li&jj 

l(£iAA)sf £M-£(Jiljfil)s£(4»*) 


:18-2J JU 
5 —* liuUli n jj>o5 <ulbi 

« j—** JS jjk- (> Ji 
£-k. «< J 6* • * j#ua 

•j y . rtV ill 1_ikikt g jl__i 

J5L_i J-ikllj . ( i_Uau)| ) 

(£cosJ)AA > ^Uk) j-iic ji 

• J—• f • JjtjJ* > 'Aj*4 

lH- ‘ « M-«*klkJ! J A#j*Sft » 

■ yMn 4** ‘ tAw ^ j> 
‘ 1®65 djjjjiH. J*»i>SL. >ii ju 
JAA^ (> AwJ* . 22 yfl 
A/lIj , . ^luJ 


-16—22 Jlw 

iriiy u-t u-jM d>lA 

•j—S j b L u « Viv.il] JjLUl j fji 

ck_-]| (I ).R U>>5 
>-»*&) r > R I—tilt ^jUJI 
A-ft V iv . l j kjjL) ( jjli, 

jtA® JM b &j • +<? kfcjiji- 

OL_5 j! US -uil p A to Ait 
iJc- 1 —tyiyj A^kii Q iiv*i!i 

j —}'*J M ■»ju a* 

lilj Vv*i A^ V* H r < J? Ul* 
^ 'M OA y^ JM d* 
(jk_Jl (—*) . A J—1* kill! Ji 
k_^4— U)r>R im 
jLd tilj jLa UjJl* KfLc Aiv.uj 
• 

{jk—Jlu(_ir < /{L^kt( j) 

> Q U J ji* AIvm^ kp^ .yd jLvll 

J-il-iA A_kL i__,i lit JMj 

ji J—11—^ j>-ij Ajjjill VvkJl 
«->-»« Uu^) +(/ A^VjUJl AkJJl 


5^1)1 Ljl^l UMJI j>s, ^UJ frjj\ JjUt tfjJl jljiJl Ui 

: E jljiilf y«liJI J*Jl jj ^li ^li , Q ^ oy>Ji 




(+) 

j! oLkKiJJ Jjj-iJ' Uj jJJI klull AjuaIJU 1 A_)l li»* 

^Llxlll CxiL5 yl U5 Iwje ^ill JIM 1 y-il 0^4- JUJI jj* 
y*i» ^}* J n>‘ i . « -Q ^ 5j_5Jl Jf. Aixill cwlS Ijli , ij£II ^ ok 

1 JkUl JJ LjLi E oLxil ji »LJcUly ouUi 










[ 


(cflMj JjiJl) > j*aI! 





: 16-23 JLi 

UttdiLjfcJjMjfitikjbU 

fL_—11 0>Aj • ^ *• 

•jL_jP <lv]| »JA Jt I,I<J'|>11 j*t jUjI 

■ A^laiJl 4jx*ifl J <j| jLj jt 

jL^iiyidUuj ji(v)yiW 
ul_k (> t^ill kkl 
jj-ii *JLJU 4 jLB juaUJI gljjl 
Jl_^J jia i uoj UUm 


^ L-»^ (r < JR) i-jpdl 3jJ[JI J_Wj L__ijL> UJaw jliiU U*j 

tyili i> j-<Sl JjUIj Uiti oJlj'i Jjyi oljLuol yjj $1 . ( V ) 22-16 

JjJbg V rJsJl u|j ; 4*jli jjill Jfjtj U>l Uj jjiJj . E (4/tr 2 ) Lcui y 
: JUJIS j*) l* jyti ^uu IjJj oL*w iy 
K(4w*) = 0 r<« (y) (16-6) 

5 = 0 

. 43^*11 JGpdll #^jjl j>ljJ*ijJI JS Jutf 
5jS)l o-*i jS>» j -Q Uil iixi wy Lti uii 4 j . _> 22-16 J5LUI U 
j-Lj Uyicl Ijjj , <LSt^ jjUl JSUiJU 111* LL^j . 

; 4_jlL> Uxi 4uU Lyy K rLJ\ U.i*y J*- US' ^jUfJl jJjJI 

U* jy)l J* ImSm} . -Q UjljJU ijjLs iixy ^IJI *LJl Jux> Uy 
: y j j «> 16-22 Ji-JI otl>JJl ^jy ^ .yilill JL>J| 

” 0 r>J? 



^Ijk-Vl jJUiJI 

r^“ JSi (*Jt- y <«■>• l| w > iiu Uc ^3j Ujii-j iii y yji u*j 
jIjJUj j! LjWl LbOll aL» jxui l«SUy , 16-23 j£i)l ^ y US 

A 4_i>viU 4 jliV . l l iiHSii) SjU yj lj . (jill) Jl^aVl iij>y <j»*Jl 
£h r *-i J >** i* 1 —** jit A U iti! jU>U . jl* J£J plj$ olo>^ y»li5j 
>^!> ^LS ^«jSV 'll »Jia, life otfi&ii J ji,. luji 

J^JaJl yl—j 4^U*fl 44>UJI . 4I n . <il l IUUUjJI oljUieHl JA*J JJ L>JU jlaic 

olySjII jy£jj . r iiUl y |j> ^ASU ^ oLxiJI L> Jy» Juu 

oLfLLi yuL* j*A Mi ityiy 4f>^* jUl>l 4lsO ^ »jiU l^j«juJl 
■ (y) 16-23 J-Suill j~3u y US Cam Lyay ji)Lw 4Ail>Jl 4ylx»JI iUxiJl 
Js-iJ 1 J| jl 6-* LjU Jj_L» »Lkj| E y ^ SjJjll oyJl 
JJLuJI tjLi ij-4} . ijJL ji <i>y iukiJl Uxill Cuis li] U jit bUiel 
Ojj lU» ilillb j^SU r oULI jUu ^1 p 4Ajiyi Lull JS ji Lui ji U rik 
y Uj^i jjSi kl^aJ Ja Lull £5 . E JL>JI 4^» jil IfJ 

ykkJf 4 jl»JJ| 

^jl^Jl ^k_JI jllio lull lift 4l>wll gjyi ^ y^jUfc j^Jx! Ujjl IjJ 

Ojy* )■* 1 f ^ U UU j L Jy» ililj i lu_u J juai iil^kui 4 mA ^lc 

: ^1 ^‘n ,. ‘ i ,jl ^j liu u JJUsJI oljUiti JU«ju»Uj . (I) 16-23 JS^JI ^a^*1i 
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:16-24 J&i 

<iliS Jt- j jftXj j jiw<t 
. <J*LivJu! 


(5«^JI oVlxJlj Jjill) > y-jUII >tfl 

l)li lifjj t 4il>—/Sl ^>vla_w ili Low*. oL 54j j*J E JbvJI 1 
_i. .11 jj jJiil KE|Ai4) - 0 
. <Sljlw!AJ UUl Jp L(E i M) = £( 2 nri) 2 
LjJ ^JL _^L> jj'j jl* ilsLj Q = A/, LLLxJI <ul5Jl <u*mJI 3 

: oLlxJJI j» ^isxuj jlfl H k> j* ^Ul JL»JI 
it 

Em - (16-7) 

'2 t£vr 

jU*>l ,v*iw--o Lilli R kji uuk 4*il>J 3>3 Jp 4Pj^i <ixill j> LjJp 
^_LLl! jJ *Ltx> Li i-ijJaj E k_)L-L>J R T j L»j J_»u ^jlaJl ^ L. J l 

olixJJL jtfLWI 

jjUiii 

KS’jy 4 ix. l i <UL> 4 —iIjJj j^ll / Lilli jjili Silli Jk j*»i Jliiij 

jL jiil j>l >3 16-24 JiiJl J *vJ>jj y> Li ^il^l ^ ^ JL« Jp ^Ikiib 
jJp jy_~Jl ji LjLSJi <ji Lj iwji liLti Jk JkL till Jki « >1*1 II» cJi 
jLyl j-» ij_> Jil ijji .ill jjjj LlLu x iiLLI j«ij /i>>i oLLjJI Jj»J 
j&M j! L>1 *JxL~oj . jP Liu» ox^aj o kL jjIaL lilij Jji-Jl 

01 . 1 .x.*. 1.1 4j.vk.Jl iillilJ jijLj 4arm< 4. j .v k i 4*115 l*J ji JL Jjj-il JL <1 xjSJi 

jSj JS1 pj!> ok>jj ^lijj ( « L^h * jUj »| Jj> p )) 
i+>y jLi>l 4l»L Jp 3» 3yD Li>Lil oLSj! ji - J>l Sji . >ULj 

j-» ^; ■ n Lvl_u J_S3 4 1 ..,-|ILi . I—a*j lj .an; jt X 3jLu Ok 

v1l» > w jLJI J| jl <iu x" Ly_u 4_kw JLk jyL-i qi JJ ji jy ilxJjl 

. jyLuil oL-Xil J jl jv IjJAJ 4^vlil Hill k5 IaC L oLiJI Ji Jli 
4 ‘liKii jjS~ ..< JLp^lil nil! j-i oLdil i^^vjLi J_k 4_Aiiyi ikJl Ji J Li 

16-24 JJuiJl Cxk^ J3UUI iJLJI 0 XJk jj yuiliil j-jL*Jl ^kJlj 
V. * 11 -.1| i4l_iuj L_i ,VVJ« A jJjvi.ilI LjjtLi ‘LvLu 4jl*L_)l Lljk 

: 4 JI 1 JI olkv^Ui jKj j'il ^yk»j 
lifjj . jJaJl IlfJ LylJ l-.S'I utllytjl «_) ixlvL olij4 4 J o_J E JbJl 1 
rkjl ji ‘J>JI LfJ IE X AA 3 0 jli 

oi_« jjp <ul3 luy <Jj Jiyx»Sl ^kJI JJ? Jllk ^ LLi jiiLi* E JUJl 2 
. HEM) = 2 (BA) jj >11 JIU j> IjJj . ol>Lil 
jijL*- jyU 111 CtA ^ j-'jUJl ^t*jl Jilj ij^ax*)l 4l>kJl jju 3 

. 4 jl>vUI ji >uli jyLvi jp jiLJl JLxJJ 1LIUI 4 V l ii ll 

E^- (16-8) 

2 Co 
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( ^VLxtllj jjiJI ) ji * ^ jUI JrfiJI 


! x £f y J* Jiajju If AJSfjjJI jl 

^pjS jyii Jjuki gS&ll 60 » Jl* vy-» ^ bfi U* Vty 
ju* iiu-u c^ji* jy'j £*> ^ ‘ 


: 16-6 Jii* 

j_>j “j 1 / 1 

ii»-Ui jlaiL. U . ( ^jfJJ ijAH jl-^l j*~*i ) • 3 x 10 B N/C 
Djlj_i J_fS 10.0 cm bjLi 4 -hjaj ijJ if.,, Io3 J j£*i jlilj 

i jflhii* JYJa^i 

aJ* ji^l jif«Sll >» i* i fU&i' 

Vi^l^k- 

li^Jj f > R oltf UU> E - QMjrfor 2 J (i) KHi 4bUii gij! : 0^1 
,r-R Ju£ Ijjt pL*U Jiiw 
* ijlj-JI sl)jjL> Jj iiiavi j-oii jip J^A>Jl hjl y L» : J') - 

JL»Jl ijuil <5^1 UfUl Jmi-J fJ i t -R ^ 4^ ‘ 

. iuxJt j£&\ jivliu L f») k Anum = J X 10® N/C 
^lf i alLJI LjJaJI oULjJI pljii-b : (LiiiWIj Jxli 

Q 

3 x 10® N/C - (9 x 10* N.mVC 2 )-— T 

(0.050 m) j 

iixill ^4 1 ^C y*j J*> £* 1 m~u lift i ) 1 J 1 
%£J LjJ* i^SII >S> Ch 75 cm ^ ^1 JM b^i y L 

.8000 N/C • 


: 16-7J£* 

Ulj>! c>ly i LUJI in ( jwjlfj ^ ) bi>jir£ b i 16 ^ J^ 11 £** 
jL>ji . -<7 j +0 ojLtfuil oxil) i**kJI OllSiH u** j. .L .. 1»ji . nl) j i5>^l 

J! » 0*>jW bn ■ $y> 5S5B J W* iy 1 ^ 1 E ^V J| 

.^i c /ijUJb‘^i^ici« 

1 
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: JVjlLi/l 

V oLL*Jl ol» j j* Jl)-' 











(oVl>Jlj juJI) jj* jjjUI 

JjJJ t - jJl fa, Sjjili Lx uU <j—JU JjwUU bILoxLJ jJ Ul vii*> ; 

wjiljjdl li*J lj£* 4 >j‘i'il l L r*ij pljio-J ^tkuhi 

V [j^u o^uL jt L : Jibuti 
o^ju? J5 oUlf«;J |w Uj^j 7 dil Ll jLl>l ^itil i? .illi t jjuL LJ ; dl>VI 
. 5j y>y jj& L^uLall oulS j) LS LaLJl «ilt alp JljfJl Li^j ^ 

y '. E JL>JI aj^iill oLl+UJi j* L ; Jl^w 
oL*UjI j^Juj UjU>j 4 J& jjp E = o 126a ll^uC 16 8 LjUII : L»l>Vl 
. UjIj JUJI US' k 4x>^ll olixill jt lju*jj LJUl ol ' mwJl y±j oKbjJl 

«_Jt Li j k/ jljii jLil* JSLiy nil p f .i‘ 1 ditl Ll alP : tl ,'.',^i'ii)llj J^ll 
jj ^^1 Uj>i jjAly adJ^I y »jUui oLLf-i'jll yli ; 16-25 J5UI 
<LL Li LI C ) A j>uLJl ji L£ L* ^l >>u. J I jLu Jjj fa* JJ LiiJl 
: lid jj£j lifjj . dIpO^I jJu Ji jlj^Sj y^lfw'jll yl5 y£>LuaII yJJ £U B JL 

1 0 j.j’ixjiinll fai cud jjJl UJI JS oIp 

• 2 ( 2 ^") " €q" jiixiidl fat Jaiill J5 alp 

. LJUl y*j <l>^1I 4>JLjJI fa y^lxjuill j# E ol>0l j^j 


: 16 25 
*cM 

j—• jdj jj5I U+jU U ** faii Ullpj 

j >—^ E J—* l«| l i tt i ' i jiS LLmA 
. Ufkjli ijLaj Ufuj o/Cfl LjL»u 
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(Jjill) jiu- ^jLJI JUJI 


iLu_^ oVLxo ^3 oXs^lt 16-13 

ILsy Li ojL ji ji 5 j> 16-4 ^iJl ji luij LS 

r y] tUy>y I i> *<11 4 _a>m ijj^- 4 Oj-S jt jay-i\ . i#_ffSJl 3jiU ol>>iwl 
j-Lmil £j-UI oUjjJSJj yi>j!L«i. 16-26 J-liJl jj L£ j m* 

J] Jam—I IfJI “ill £jJJl ijjLu j_i I j' » *> « ~ ^PP ji pPjll jlpj . . Art-^ll AjxAJI 
. SjiJI (> jji* L* yj>l ^ ^ IjJj ‘L»jl | <^-^1 f" 

rpll J->b Jl 0»J^ o* I<4^ ll t)J* ‘ L>*J% J<*>* £}W J >|) 

Sjjxiil 5j£ll ,> jSLj li ujjSI ^*auI *SjP-i IJJ cwjj jjJl oljjySJ , ])l Jx JaoI 
Lijjp ^jL—i vLs ijJL iiovi j^l ou.j^w . JjLm Jmi'II ji yj j-^JI j£Ij 
. 16-26 Jiall j 0*41 Jfjti Jl JLkJI 1m Ip gti* Im 1>j1I 

JyJ ^±>4 H ji> JjjbJI l*fi> &*> itjM ^jDl jy oLxiil i-ujy ^ 
l JjJJI ^-iyi Ilk , jjmll J_>b oLixJl j* Jj)i 

; M ip*Sl ly6 illll jjy j-iiL, 

. J-k^ll >>■» **)i J 1 y^ JI 1 'M H l&L-jySli jj4»H J 

; jl iLUl HJyll <Ufll ^jUI jij 
J-ijil jl- £i IjuUm ^AjliJl ji^lI Jl»Jl jj& liull-j^l Jj^tll ji 

. m \u> ji 

J_yjil .J i-ijl^l E *-&j* u! Lyi> j_3 jtl iljiil <->-o jU jl*)Jlj 

Jj—fc JJwJjI jJ> i Jj_>i ijJt) i ^LJI J«-l Jj-au 3 oLij^Srll 

^ ' ‘ ■‘ " ■' l' 1 <*J>«ll E v5ji LI , ( jSL<) jliL-l 

. jjL*il rJa- ^jl> ollj^fl'il f jSiJ jl> (liyiiJ* 

16-26 J-Suill ji J.^ill JL>JI Lpi. ^li oH>*Ail 0 I 4 J U4> 4il 
ilk ai dul jl LS . ^t-Jl Ip j+li L*ji L5 t yUl jk koiili 
• JjlyJI jlc ifk" 'll jfi lifJj ii’yJI ji olijySI^I oplyll 


: U.-8JH* 

■_f -/»i j i—!j^«£ 4 _uiaj 0 li jSji Ip uiu +<j ii»«J 16-27 Jllll 
j-jUj- j>yli ^jl>om>I . Hi j1>IjJI jtiJl R 2 y 3jli)l oi^J j^jWI jWl 
c (r u Ip ) kjfll ^IjJI ^JkJlj SlxAll y# (f) : jo** 31 0*^ 

. ( r c ) ij-SII ^Ll (_*) 5 ( r*) SjJOJ **^1 tW (y) 

^jLSJIj j-illpJI vllLJ +q * -q UjIjL ciL>m jl of J ( i) 

. Jiylijlpi>y 
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(o'VLxjilj jjill) ^jUI JmmJI 


+fl 

16 27Jti 

j-S>» J_jf. +7 Ajui Liwi UU»J _>l 
Jj_u 7 4 iv < jlJ i i—i^x-i • ^ 

, i j—il) j—lilAll ..11 Jt. 

"k ..Vi lip killj rUaj 

J J j— S5 Ji'j <Hp 

>_*ij . (r,) J—»y>* j jlij < (r„) 
jjll —i j V*jbJl juvJitl * j* 

Jib A»i, JS ji ijU dA dj 

. <Lajth 

H : ijakj* JVjlLu/I 

V ■uli>i-/l t I>,I jjjl jJut jljijuw'il j£»j wioi ; 

ajjjj ^Ip a^«>jL>JI ^JaMfSlI j»5j ji J3LJ olj AJlull i 

jj L*jLu>l J_Jp ^_jJI ^k-iS'l jlLii . +7 Jj» ifiyj* 

in in y Jl>Ji Ai^i L^j » 7 u* > J jl jy y)t jbLul j« JS 

. 16-27 JtUl yr c 
? oi* aj-UL J LfiiAA ^jJI L : Jl)* 

Cl^JLj . 16-12 |m ill jJ ijjljJI JJLwJl oljLiPl plj&LJ slliiw ; <Ll>Vl 

: y A Vl'i’Jl . ^1 jLliiil 

IEM = E(4xr*) 

, Cjsi £ Ckjj oa> 

v JL <1>L>JI aJ£JI 4jl>wJI y L Jljw 

j-i jjj r u jjJ*3 JLa) ^k—J AjuJb ^ Laj'Jil Jl)-Jl y lj> : oLvVl 

Uili . i^ill j.jL» r c t^Li J—yjl* ^kJ L-JLj Q aifcJI = +7 ^1^1 
jj L»t oiL? a iv.*) ^Ip ijy>j v i LfJu SjSJl jS 4 I ^hu jIp J«a>J 
. jlsuJl Jyw aJsLjj >-u»i ji ^ Lull 1 n M£ i jyiJl J>Ij 

^iJI liiLil L . JujJI J>L n tjhi i_i.nl ^5jJI tJjuJI : Jlyj 

? <il)i (}* (jiu 

( Lijt ^1) Lily jAjlil LiuS 4 IjJLp ajLUHI JJj y JUJI jjL ji Ju'i : <ul>Vl 

lA*kj^5 

l 1 <iyi>Jl ojjb ji AjamJ^ jLiu ImJ Am^Uuuil ji*j (jjjl L : Jljw 
j-jL^ jyli jLi J-«yi kii j «^> y jjL jlj iji E jl di*> : 

J-*>) £2 J Rl jlJ L*j ^L-u i $\I if-Jl# Q 4U ji = 0 jj& ji vJkj 
L» jlSu y IJk jl jiSi Q iujl = 0 jjL ySJj, r = R\ JJ 
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{ Lj^ 5JI jjill) Jj* JUiJl 


jiai uLu j-Jjliyj , ijSJI fiy dip +? jil jAJU ^LJl J>b 

jS Djij~a LiU oJL L»*i L)l£*j *l*lj l »£ «J r = R JJ j->jl»JI ^Jl 

J^JJaU jl>hJ! wkJI (/ <Ux£jl jl -r'aJuJj 1 jtb j U jISl4 

V ^»jU)l jrkJl < 1 >vUJ 4jma)L ljj» _v»-ij OU JU : Jl^» 
jl* jiU ^ yli . LiL> <l*w J*>J 'if iljUlj idJI J L*j • Ll*)ll 

<U3iyi 4iWl 4j~*alb j^jL> jylj ^ilu ** tjjl jiiij 4 j>jL*Jl ^kJl 
jijt &Jl JUJI ^il Uii i LuilUJij JxH 

^ r<*. 

E= ' 0 

14 r >* ! 

r 

Lwu » Lul/dl SjiUJ A-*Jl J->b J* vi4>0- “<7 kjl.«* L>J j! 

oU>Ji fjjJD oiui JJLsJI LIU ^ . j>jlUJl ^LJl Ja +7 L>j d^xs 

oLUJJl j-ii yi ^ Lli J&j ^1 ^ > hi .y ~ J* jjSJI j>Jx> fU&l* 
l ^LuPl J_ii ^1 UU j ) ? Jiw yC jtujl jaij i 

. ( plkuL <fijy JJ& yJ Lfili 


‘LujaII ^lyVl 16-14 


Lu*l lj y^jLaii y*JuL>d* ji->oijjM* oi->^ OH I J**i 
JSuiJL^ ^ UijiU Lis 111 L£ i L^£JI Liljj j) <Ul> 

) LjjlL <>>yUI jlfi ^iJl olixill <jj . (I) 16-28 

J_>'ill jLoj \&y Lxi y*»)lJI j>i L;M jUjj ( (-M tMl ^ 4-1 jayuLi 
<ji L*y , (o) 16-28 Jiiil jj j tijhVJ l p-ijJI 'jjt jwilj y* L*^ LJL *U- 

^L-iSl jjp - yjLii L« JJ^I _ jiU; L^ij Ijj 4 y«*jJl J] LjjUli 

. (i^U^I J* iTiil dUuwl U j* -^|H“ ^) iW 1 

lj_c Luiji. 16-7 JllLI jj olUdll J^SuliJI Ij^iuijil Jl^*ll U-k> J 

: |ty Qili, 0^ JL^JI # 4 JHy. yi VJ *IL jUUl db 


E 


n 

Co 


^>^111 Js. oULil ti>y * t h7ill aIxjSJI j& 0 *lu> 

JLv<, jj Ltfoyll q LlkJI ^Jp SjJ) 1I 5jJl ji 16-3 iJjLlI ,> 
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: 16-28 Jii 

j A* jLUl f jL 


(<Lwj^iJI a'UllxJlj j^lll) jiit jjjLJI Jaill 

F-^E 

4ij_>^l y jjSXi ji>jl)l j# 5i>«i ijtyll SjSJt u!> ‘ ^ E Wj 

Jyj «■ Lij'jl 4 jl~>Lm 4JL—<j jUjIaj jjjjl^jill frj j > < * 1 1 ^>yjl jll lj£*j . 4juC 

oLji/iw j_i y.J4 LajAo? Ijji jl j-J> . olxx^Jl jit j5y ibb 

jx-> OJljJ! K_xll oUl*Jjl ,jli lif—l 4- a.iTij . UUJjlw ^iJl Jj»Sl aIaAJI 
. a - Vim t jjllJI jjfcu jjjUJ LLd> 4i>U <i>jy jjhjL. j^^x*» j*» J 

LjI 4 JLaJI oLyl jIjimL jjSi tjjlll jLi 4j>yi o 1 .ia. a 1 I y-ully 
4 . JL>*!i aLfJl jj is oL>Jl EyiJli ylUl oL>JJ 

W*®WW 



: 16-9J& 

^jLuj Lix- ^iiLJS 3 mm iiL* U f !■< ■> « ' i jUj** i^iyu 
( m = 1.67x 10 * 7 kg j q-e) jyjy jltl ij. +2/iC/m 2 La t 
^UL p . > L ai ^1 J.J Oyjjj-ll ifj-* j-» L* ■ ^ *11* i> 

, uiji *>yji jg jaji jut \' uJlji 


D 


I jjiSoMi JV JUwl 


V y-i5ll itfjJl j loll y> b Jl}»> 

O^Li 0-* j^lj * iyli <L>*i v*Jb <5 jaJI o'iIjLm If*] : 

: <P^Jaill 4iUl £* <*/Jl ji£ ox^.y jSlI 4 4£0>JJI <>j jl*} i jJbll 

, i = 3 mm u£> L& v jUJ iyj * i> 0 =0 lii/ jjj, u 2 =»o +2a* 

? ibwOl i*i jl* J-a*j 

oLLuu m I*#) a -FmJ m ^li &b Jb-Jl / Li : 
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(jjill) jit* j^jUI J^uJI 


V 6yjj#)l jlf ijJjil Fmi cjUI duJI jjjv jjJl Ijj : Jl^- 
j±-» JLkj! L»iAu ^Jj| Luj^ill o^iJl ilL-Jb ax_ j>^I ayjl j] : 4 jI>^I 
. <Jl»Jl oi»^i t]*e ) i. F = qE jj>jDl 
V E Jl**Jl ixi uJ U : Jljw 

6 fl = :U*?I 

. Jb»JI Hjl VylU^ ' J i^Lullj j?Jl 

3m 2x10^0 Am a 
' ~ 8.85xlQ’ ,a C a /N.m a 

= 2.26 x 10* N/C 

jJU 3jJ^ll BjiJl yu»>i ^ . ( b^'jl jj j5)l Olji^l jliiil JitlLuJ j« jiti ) 

: OM* 11 

F = c£ = (1.6 x 10 18 0(2.26 x 10* N/C) = 3.62 x 10 M N 

(fjLJi) JjkaJi i>y pj 

fl F _. 3.62 xlO' 14 N 
"J 1.76xl0‘ 27 kg 
= 2.17xl0 ,!t m/s 2 

: 4_plfjj I 4£jjl jjjt 

0 = (2ax)M = [ 2(2.17 x 10» m/s 2 ) (0.003 m)J» 

= 3.61x105 m/s 

IIjutJI LLliil jl 'Jlj ^Ul) jbjiM 5_p|ll ijUlj <ixJl jl j* jlfi oi 

. lo> ijii£ It-/ uUj <J ^i..i~ jyjjjJJ 

jJjuJI Jljy&l 

; ^k Ijjli jl ■ J-oaJI ila'~i>^ 11 jij j'il 
. lixUll SixiJl ( _») t Luj^iil jajil ( J ) i j>JI jjjtfM (_>) t JjUII (o) 4 >yi ( i ) 1 

• •«** ( £) ‘ jo** 51 (j ) 4 u)M ( j) 

, jjjiSftl j* jifi 4ixJI Djbjj jljii Jj/J jl 2 

rr £ jij 4 jj^i* <_iyL LijjbC l^Ju oakl^ yjwn ^-> J»lj olixill ^yj <Jj£ - **ijy v-i-aj jl 3 

. d*>J(y y*> j*i jiw Jjji 

, jbljlil /Jail Jj Lj>j jj ^uxlxlrtjl ToljuJI jSjJ jl 4 

ojjj UiL oLxi b^u <lx^ ojJjJLI »y)l jl*aj j^li jl 5 

. <uLaJ otixj <(Lib lit iJb^JI 3a- o-oo jl 6 
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(<Lu^sJI jjDl) yuc jjjLJl 


. <]j*y <Jv>-iu j,L>l ji yjiJl* ^j^lll JbkJl Jejk> lak»J ji 7 

. iu_u JjLw wiO 4 i>>.dll oliujy <Lki p t ^diljjj! j^jaIILj oLIDb jjiU jSii jl 8 

4,1 ».iill ^IjiJ ji jk> jl <ij^ 4 >i»j iLii oi ilc JL*JI ex! > jl 9 

JL»J! Jjj-k> J—si (y) t (jJi ) jl*» J-»b jJjflll JL»Jl ( I ) ; c 5 aiL-«rjj^ s_jj Jb C*>J U Jl*u jl 10 
jyjjjl du/ill Jl* Jbfjl J»jk> Ifj i-uuJ ^1 A^jljjl ( J ) . Jbkjl J?jk> «lfi)l Jail (_>) i 

<ixudj uftlj* F ■ qJE o^Ji JiaImJ ji 11 

jA>li 

; Cxi\yj 4i&# oh>j 

4 jjjyiJl olixSjl oLi 


(C) ^jljSJi : SI olj>j 

e = 1.6 x 10‘ w C : (e) j^l <i>*i 


k = 8.99 x 10 9 N,m 2 /C 2 

6o = ^-=8,85x10 ‘“CVN.ni> 
4ft 


—1.6 x 10 -19 C : M jjjjsnfl <k*l 
(k) r jljS 5y ojU 

£o £1^* 


E = — - N/C. 
7 


JUmJI oUxj 


: 4-yLI JjLwj 

LijySJI <U*iJI ^*L 


, (~) >_Jl—ij (+) y>ji i 4_u^y£]l Ux»Jl ji jUy l>jJ 1 

3_uS J-ou jjjliJ^llj 4i*jll <ixJI j» oil** <ttS Ji*^ jjljjJI . ijj*-* LiLi oLio-i^ jk oljill iiyM 2 

, oJLJl 4ixiJl ji iiixi 


. <^jko 4x11x11 Ojli^l olj oLxill jju lijillj t Zjjjlij oi>ljJI lp)\ ob oLxAll j# ijill 3 

ii*JI tlii 


, iiiljjj <uUc iii ji yjL» ZJI - $ ji j£** ^ 

r ^Li Uf L *-' q-i j qi jiliUi j*kxi j# 
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( iyj+SJl oVbjJlj Jy }\) ji* y*>U! JtAtJI 


: iA> 

. jj'-iVl jaij olixill j}l5 y . ojUu« oljli] oli>-ili yl£ y yjlxj Syill 1 
. UkySlj^ y* j* r oLJl yli JjUj oUxill yl£ y 2 

{E)jf^i IJM 

y Afiyap qi 3yL» j4i>l iixi yU ijSjll »yui <juJI CL «LmLM y* U 4J#ii j> ^^*531 JLx*Jl J/* 

: ilxiJ I Jjlj jljiij ibJUJl sJJj 


F (qt jls OjJjll) 

</< 

: 


. ~<yy iixl yp jjjyil F SyUl jI»JI y-ii y E jUJI yjk 1 
. N/C y E JlxJJ SI ob»j 2 

: jjk E Jlx# *kij y i&yoy . <} 4l»w Dji^il SjiJI yl E U^yJ 0* $ 

F-gE 


<ubuij 4lxU JLkjJI 
Q y r liLu ilp Q uLiu ojkJ jijfll l)1>JI jIjJu 



: Lj1> 


. iLJL iixl y *j J>Ul Jj Lykij *i*-i <> J! by^ *WjI jj ii 1 

tsl t uaSIjjJI 1j_^ jis^tuv <J»*j U y - i -y > o* - ollxill <> j^*J JWJl yL> y£»* 2 

Lfr X M ojyull oULf-^l £*> fj 5o> AjJaiJ **aw J£ & ^ylUl Jl^JI yL>y 
y5u* Li Jiij ( 'j&u U Jilii L,L*!l yj£ &*> yi*,! U yd jtyi II JUJi >xi bfi> <L^i- Ji-b 3 

. yAA^I Ifjuu yP yjSJ U Jwl i»jk»>)l yj£ boiP 

^^111 ( yiuiJl) jtill 
j|A M i>L*U yJA-5 _v-ajp J^L> jJy$£)t 
^Ul jtjsll = (E coh 0 )AA = £ a M 

, 0= n » My# E yi< oj^ax*)! iyiyi I E = M jllI JL^*ll w*S : &*> 

jyti 

vlLJjy cbUJl LJi)l 3Uk»JjJ LjLu - L«»bc Ixk- j**i - <l*$l jy E,AA jiulll obLf-l f^x» ^ 

iyy JJUi Ifji olixiil £t;,yd y^J jilt O^lxU yi»l> <>y** 


kO 


( R lAjt) JLsw ) Q Alxi 











(‘Luj-fiH j Jl) jiit jjjUI J*sJ1 


0 


E = 


kQ 


(ll jbjpi Juwj) Q L&jIjao *uxi olj ijjjS ijiii 

r>R 

r^R 

iUfeuw BJsi <Uxi 

£ _ 2AA (CAn) JljJsSl 5i>j) lixJl = A ou> 

<1 > ^ -, 1 1 <1 ^ 

E - -— (C/m 2 ) >il>Lil ».i»jJ iixJl = a 


E = uao 1 ^ o*ty~* ui>y 0 * ji * 11 
fc o 

, iijLi^ll ji (JjljLillj (^iijjLlil (T <1x1 jijUS li* (jl>^l)lj 

jjjjS Jl+i J o^jll 


: <jli *,;*';*'* Jjjii ji 

, <Lajj 5 jU Jib JJ^Ijjy J JJj^£ll ^ 1 

. J*>jll tvLw AJ AU JS ji DJubli ^jliJl ^jj+SJI jlxjl ijki jjii ji X>*i 2 


olioAxlj <dU 


Y 4jJLi jl Ajm>m ijfll ■>!> till hlul£ b] U ( jlfi ^>7 Jui , hj Vi SjAA-o <jjXlj OjS oiU 1 
‘IjjUI jl ji—JI ;> Ifj&Jj Ijj diiw^Jl i> iil> <aU> <J jie ( iiSL ) <AybJ iixi j£i jl jjkL o 2 
V <LLLi)UI ilijijll <ixij| ftjlwj JjXX jaLuLu ubi . 4i S'j~ t-i^Ul JJJ! jdbSi jl 
Jj-C j_J I jibl > lj_L> JJLw jbi Lu . SjLlLJI C/ljLiJI u uA_AJ jL>Jul LJJUO ji Dji JUI <— >JL9aJ <^Sjjlw"<|l 3 

L*jUJl jS»j ^J)l oWj-i]ill j-h U . 5blS jl£ iijic jl£ <5^' jJill j^ o bi . lim it oLLaJi 

Y jk>JI ljj» i> oxO 

jj> Jl*JI 5 jw ojlj Ijj »l^fJl Jy> jii) ^jy> ijlji ji ^i . 3 x 10* N/C y>j tl^fJJ SjJJI jtJ 4 
jjj Jji— Jot DiJu tfjxii JjO* JUOJ bJi Y tjUJl Jl^xllj JlI^Sl if JJii Jl!o BjljJI j«3 bli <*JUI DJJI 
f U^'JI jl jijll Jli <-Jtl ^*3- ifi J] Jj^ jjlfci i> Jjlj^i jiti IjU 1 !_jl> j> ^ Jjjjl »jLx- 
Y jJ Jl IA» iJl^ ajU jull jA bj Y bll . jj ip Jb ^^Ul J-iulJ 5 
Y bli , bolt Jj-0 jl ^JLj ^ J <aLuu JljPjiji ijl^ljwl J»~» iy> A'/^l ^*** 1^1 Jjl**3 *<( 6 
? bQ . p'AJiJI j ^^Ul j!> jl ja^UI Jc j«j oljlj«i ( ji- w ji) jlJ)il Jji I* 1^ <iMI j* 7 
OjAll <Laxi jjSJ viju>j iSJ'j wj iliSJ , D iiLu bj l . rt i i jljill b^J jLu>« jlljati jUixw 8 
Y ^IjJl jij ji iiJp iixJI J»j Y lji«j lf*U 5j3jll 

oj J-Sjj o' U-^*i j^y ^ **l—“ bj l . n i i j jiii b-u Jjii bJL iJjij <l>wj V>j* <J#*J iix«i 9 

Y IjLj bJp OjJjil ijiil li-axi jj£ kiu>l iillj oiuL ilxl 









to Jl**Jl &ktt pi. frU; Oij^s Oi>y On 9 ^ V ^ 10 

« j4>jU\ jU 4.*-hi .ill oll*4)l ja>J l*j 4 >i‘ i i . li ifjjl 1* . 0*>yil 
? Ijll , lilk* ^ULu |>l **J-^I Jijfl I (jl 11 

jj-ij ji ^ >>■> U*** &*) ^ > k ** 51 ^ ^ ** u 5jU r ° 12 

ji}3 ’i fjjjJI ojj» Ji* ?;l» *i*s Jl*< 0 * J ‘r *#- 11 ^ ■ u 4 ^ kW o* *4* 

y>ijl *2klll 

* JjU 

16-8 J[ 16-1J4 fkftl 

6 x 10 “ ; U^| 8 x 10 “ J* **;**<*) jlk^! 8 xlO“(i)^ia>wU^k*^kUI^I^I 1 

:.<■:!■: .j Jd <n oyjl 9 L»Jlj jlxL J^jl . 100 cm 3iLj Ia+Lm3j 42 = +3.0 /X) j 41 = -4.0 /iC okl* 2 

^J, u (v) , L+4, J-S jb SpH 4^‘ll-^JI ijill jufrji (i). 3.5 x 10 u m «U J| Mn 6* fiytf 3 

. 1.67 x 10' 27 kg l*dsS y* *1*4 b y^\ jUI ^ V W* S/K 0^1 0j» •- J 1 " ^ V 

? aU^I 6*^0* CnyL* utf W dy oy^ ibS^pdAf* 4 

, x = +30cm jIp +8.0/iC *i*4Jlj x ■ 0 j!a +6.0 /iC *1*4)1 J ^x ^ ^ jtwUJ ^ 5 
. +6.011C *i*A)l ^ ijJJll # k5lj jl"* 

. jpJI ^ ^ x = 65 cm jIp q *)**, H*4j x = 25 cm A x ; p* Jt + 2 . 0 /(C UjU. y* *1*4 o«j 6 
t 9 *1*4)1 Ipj jiA y u ■ * jH S*j“ *M* 12N II* 2 ' 0 ^ C ^ j* ^ ^ ^ 

fpjJl v 0.3NU J l J Lo^^r i «» ^ ^ 1 ' 

,42 j 71 (> ^ ^1 • + 7 - 2 P C y ji*i*<iD jjt^i 
. 0.3 N Ujli 5j*< 0 j' | , | > * 11 ^ jl^ 3 1 

U+i* JS jIjL jfjt. 6.0 cm *«Lm Uf« S*** ^ 2 - 4 N U J lji *J lji11 J 5 <j ^ Li4 ^ ^ 9 

) 6.0 cm iiU L^-Ui; 2.0 cm Ji >5j 240 g JS ^ 0 ^^* 6 ^ 10 ■ 

»u< f . . S/JI 1 ^ J^*i 3 jDl *4 a)I xvjl. 6^1 ^o>! cilki Jj . 70 /i C UjIjL 5*to. 3lxft JJ 

. yji»ji ju*j 

q oll*4 0 ^} ‘ 240 cm oU L*!# ^ 60 g J* W 3 Uil *V > «jMU* jl3jS 11* 

yjbsOllj SAils-j^fll yj^Jl jy J*^ 41b ^* ^l q ibvill jIA I* • *P1 1 j ^ ^ * 

? iyLii jlilliJI 

+6.0 ,1C j x = -40 cm oiP +4.0 ^ C , x = 0 ^ +5.0 M C : x jV Jl > tJM ^ ^ 12 

. 4.0/1 C *1*4)1 (y) * 6.0 /* C *1*4)1 (i) J» ij 3 ^ 1 ^ ■ 80cra ^ 

^1. ViSjUl ^*-+60cm4*s-60c*s0A-6/iCj+6/»C J -6/iC^I* e Ullloli*4)lo ) wi J 13 
. +5 (i C il*4Ji {-) j -6/iC *1*4)1 {I) jl* V3 115 J iJI 
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(jjDl) jU jrfill 


oi £j>y J o-m isill £-*4< J^*ji. 60 cm <iU -3/iC UjIjL Lxi & L*_Lk; 6/;C UjIjJU lk*i 14 
• 'jk> VL*H jyiJl £ij£ ■ ' <»>» 12 /j C i*H3 <i>vi 

j_ip +6 X 10 -8 C 4_ v >»^Jlj ; X = 0 J_k -6x lO^C •< i> L ; ■*■■ ■>•■ x jjjxJl jbylaii ylsi>*i 15 ■ 

g£ siu>j +4x 10' 9 C ikO oLxill tjjb <> Vj ilL ( gjly ) ^ jt ok .t = 100cm 

, v Li Lb ly oi ysb 

£$y jlLp ujujjlJl ^ x = 120 cm j * = 0 jup * j^_>JI Js> +7 p C j +5 /i C jl ’ij l n ii j Lu a..* ovjj 16 ■ 

V I^Lb -8// C ccNiJl ^k i^iLJl lyi I olixil! ai» y^ilb ( g*l y ) 

lyjb\ *L n x* jk li. 8 cm <aU> Jjt &LJ! ok +6 /i C L^lt J£ ^Ijli LCLi# <baij olkb o*kj 17 
? £0*^ £#l^ j* +5// C UjIjL <i»k Jfi j)jj ^1 
»>*ll ■Hjji 8 cm oJk Jji> ^ jLSji LJSj .up +4.0 p C t +6.0 i +5.0 Uki oL*J om} 18 
<_1»jJ! 4_^iy: lV,ix . x_jjaU *>iyi ^)l jJtp 8.0/iC l»jl.siL» ii>b Jk ijijll LiLol! 

, C^i+6/jC 

<-L gJk JS Jy>j i j^bSl ^jUu vlJil <5*111 (jlSjSt +k +5 /i C l^k jlji. ojL-k olkb «6)C o*bj 19 



ie -1 f jii 



j£ ^k i^Jjil LiLaJl cSojU-j^SJl djDI juxjI . 10.0 cm 
.4.0 n C Ufk J5 tab 16-1 p JiDl y <j*Ll ajjS' l +_lLaJJI oLxLJl 20 ■ 
obxJl oiLv j_* q:> ^Jp jjJL LiuLi^l o«Jtil »L>JL jbiu x>ji 
. (5 = 60 cm j a = 40 cm) j j>S'l kii^DI 
72 = 74 = - 6.0 //. C oiliy - +5 n C oJlS 16-1 ^ JiUI ji 21 ■ 
jl yj£\ . qi jJk 5jJ_jll 4j5ajli«-jjJOl Uuixxi oL>Jlj jlji» j^-jl 
b = 60 cm j a = 40 cm 

x * } \, +6.0 n Cj 16-2 f J5L5J! j i^l olkvUl & JS 22 ■ 

• ijjlL x yJl i_uL> ij* qj jlfi byJl alxilj jlji* 

. a = 40 cm J ^1 

. Q'l = -7.0 flC j q\ * qs * +6.0 /i C 16-2 p JllJl ^ 23 ■ 
a = 3.0 m jjupI . q\ Ajljll >yj| akJlj ; laiu 
j —Li . 16-3 ^ JSLiJi jj r-°y y Li" ^Lull jJu ^ jb^5 oik 24 ■■ 

x-k ijlijlfll jjZ ij . 40 cm JakJI JjJ 9 ylSj . q ikk 1.0 g L+L 

. 3jS JS jk q ikvUI jl>jI 9*30° 

>. * *■ i*> ; > L»Lk jk oli*k ^jL>J Ijut5 ()i y iLU! ULil ^ 25 ■• 

. <k%j yj ^ykJI 4 Lx* L Jj>j jLuJI J] jill Sj£ll 


0 J 

16-3 ^ Jii 


lib . R oLmm L^ Lti'i bjur 4^b'j-wjj^5 "tjJL jUj i**2 jLyjj^ jlikw jjbj 26 ■ 
oLil oki> jkJ S^JUJl ol_w O'AJ o ifiya) L*l+>i ^k <kbJl ok^k 
j-i)l jjjOI Jl SjuXkJI oSblLwj^iJl jj_5Jl jxj ubJl y lb i ubuJl jl Ufk 

? 5Lii L^iu oili 
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( Lj^ill oVbJIj jjill) jiit ^jLJI J^iJI 


16-11 Jl 16-9 

jy^yi <juduJL yui Opl jjjlSJ] j* 1.0 DQ Ujji OLa JuP JL>vaJI ol>Jlj Jjk Ji>jl 27 

j_e 90 cm juu> dai) xti- q - -6.0 i< C dail ii»-i ji .yillll j^fl3l JUJl Ixl o>J 28 

? >UJ J| f l pUJI J| thi JbjJi 

xie E JL>JI o>ji . x = 0 ok -4.0 n C iixUlj x = 90 cm xk +5.0/i C 4kdJl ; x jliiaJ owj 29 

. x = -60 cm (o) j x = 40 cm (I) 

oLi Lf-Ld 6.0 (i C j 3.0 n C la y£i>d j^ old' Ju*ik ok J& iku ok ,^^£11 Jkdl a*J (i) 30 
. -5.0 ft. C dllil Laic SJLlI ±ti (y) 60 cm 

jqi - qi - qi - 44 ( i) : J J 16-1 ^ JSuUl J JJjudt jS^ ok E ^jfSJl J>jf 31 ■ 

. 6 = 60 cm j a = 40 cm <ji j#kl, <313 -44 - 4.0/iC j qi = 42 = -3.0 /i C (0) 
oL>jlj jlaii U . 10.0 cm d_s j^Li . t^dS’l j^Lla JulL j ok -6.0 jU C j 6.0 11 C jlikk o*J>j 32 ■ 

V dJlill dJLill ^ijl xk Jbdi 

jjJel . P duDl E ^^-£11 JLxJl x»J . r/2 = 3.0/jC j 91 = 43 = -5.0 ll C oil£ 16-2 f J£iJl ji 33 

. a = 40 cm 

^L£ p x ^k.jJ . i--u3_jS)l ^lt j; = 40cmj*: = 0 ilex j^Jl ^k-S.O/iC , 3.0jiC jlsk*i o*kj 34 ■ 

? Ijd E j^f£Jl Jl*dl o£> - lli»* 

11'- e 1 j ’•■>■ * . ■■ ■ » 1.0 x 10 9 N Ujlji* j^l 5JL -4.0 x 10 13 C UJxL il»o IjiM 3j5 jibs 35 ■ 
v *1&)| Jb ^ E jj^II JbjJI »Mj jIjuu y» l*. ‘Ui)l y dw IkO ,> jk; 

^_ill iX ; -:h j<1i oyOl ol>w!j jlxu x>-ji . 3600 N/C Ooi) jjJJl y>j <luu dd ji JL?dl 36 ■ 

. liLil oia Ji \tyiy 6.011C Ujlxu <l»w If; yQ 


jljiu xfji , 3600 N/C 4Jxij 1 Jj^ 1 <y ^ ^ j 37 ■ 

. (m e - 9.1 x 10' 31 kg ojjSSrt* ) U)J&1 1 (^U)^ 
DjJaiJl ylj lL-ij 4_»Ju pJsoi* jij+4 JLn j oilp Uolej . +<? il»d m L#iLiS cu)J! ^ 5^ Jj>: 38 ■ 

. ijLOJ m railj 4 ddJl 3J^ E Jj4 $I JLjJl j! Si* o* ** ■ ^ J ( W 
ojIjJu 4fU jJ)ll fJxull Jl»Jl bok diL>JI xi> »U*JI ^ 0.05 g l+jltf xil 39 ■ 

3jSJl ^jle tlxili o>ji , Jdl J| L-lj 600 N/C 

okij* 6000 N/C ojIjJL* JL>« 0.450 g Ifktf 5/ oik 40 ■ 

SyiJl o^jl . 3.0 x 10' 3 N JjLu JsuiJl j* xiil . jkl Jj If^lj 
. E Jb^4 J k>>; q m LfiiS ijS oik 16-4 ^ JSktJl j 41 ■ 
j ? Xjfcji . Jl k-iJI 0 kjliii i^jlj kkJl kl»* »j£ll sZxilSj 

T~ . ft <. q . m E 

IM, J£i syj ^ OJI oLS, 0.500 g ^ U,UI SLU j Sjfll 05 aJU y 42 . 

^ L . 500 N/C <Jxi jjt-S JU. J fit Uak ^ijl ^ 15° Ujlai* 

? Sjfll > a 3 * 1 » ilx4)l 
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( oVbKoJIj Jy]\ ) Jifi jjjLJI J_aiJl 


4jiL>[ JjLi4 

,jlt (|^j| 100 cm iiL*i xjfi +8 C ikLj .t = 0 lit +6 // C il>J ; x jj>*)l jic jUJ»i} jLkL cuuij 43 ■ 
tullxJl Jt Syjll LiUl *AuL-j^f53l SyJl jj£ jl> iDO ii*L ^ jj jj'i j^^LX-ll j^L Cw * jj*Li 

,/iDlill ‘U>-i!l jljii Jl>jI V IJL lf-15 di^UJI 

x =40 cm ole 71 ; x jy»Jl ^ jb>»l jUixi oaky . x jyJl J-ol ILL ok -5.0 fi C UjIjL ii*- cmJ>^ 44 ■ 
oL>Dl SyJjil ^Aj'U ■ ■'jj^ll »yill cuL^ lj[ 72 _j <?i 0-* J-£ jLu . x * 50 cm, Lb 7 a j 

ijL, LyJS ^a\ 

Jy—LI UaIjl»J .^k 0.090 N UjljJu Syu 1.0 m iiLu ly LLii 72 j 71 jUJaii jLi>*l y y 45 ■■ 

? i# 5L*; pi iijiOu ojiJI Jj . 72 j 71 j* J$ jIjL . 71 + 72 = 70 fi C jLixiJJ 
Jlk ji ^yj I , oUjjii)']il j_i JjUi y 3 X 10 a8 y-j ^ p*>Jl lyyi jaxJI \£y*i 46 ■ 
y» L . jai*i)l J| oliul jj a>! oL>j£Ij j* ill!I ji 0.2 jlj . 40 m L^ji iiLu Ly.L»ii 

? JaJI J*ij jlfi j*AxJI^ iUl>50 iij^UI ojiJI jljuu 

. 0.5 iii Ly>y>y jy liLlIj , 72 = 5.0 fiC j 71 = 9.0 [i C ij .u j .x JI j 5 L*>J jLlSLuj jUyLs jliL»y jUjS 47 
jJk Li . iLUl iiLil Jj LiU ULal. i l pi jUjill cuu)L (y) . LfL CjSoiUwjj+SJl SyUl a»jl (I) 

? jly'il kl»ji> Jjy U^Lu ‘LAjjUwij^SJI 

jIjju Li (1). 0.53 x 10 10 in #jLi iJ-L Ji» j£L j y^y Jj» jj_^J] jjiJ j#»yjj£fJl ijL yy ^iyj ji 48 ■ 

yi> jy jfU ju» oyJl old Cul5 ji (y) ? <Jj> j(Jj Jj]| ^ie jy^J! L^i yu jlJl <uLull^i^AJl tyll 

(nid a 9.1 x 10 ^ kg jjySJ^II <US) ? jjjiSJ|ll i fiy* j>V i..i pi jL 

. jjy^^' Jutf j«AWI J1>JI jIjX* jjj-jl t ii^Ul ijLil j 49 ■ 

^1 Jlyjlj ( q a = + 2 e < mo, = 4x 1.66 x 10 ’ 27 kg) lill olif^ li-L pyjljH 6y j£*i 50 ■ 
uuLb j-i U )1 jkj^*> ijJjll ^SLiUwj^Dl oyJl ( I) : o>ji. Ij> oj^5 lyJiSj + 86 c LyLO jjSL* U)f ^> 

. 4ix»JJl sliLi ^ Uil ( 4ixC ) ^L> (y) j 6 X 10 14 OQ LyL iiLil j^J Lju> SlyJI 

JLkJI yft L . 4j-ii]l La—. jJLc jiLkuL ijijy Q Ljljii ilx. t R L »Joi ijuai iljlc 4ijj Lj^vS SJa»J 51 ■ 

?syaJi)S>jk, E 

E JLkoJI jljii y L . -10.0 fj C UjIjLi i .Lx. j 40 cm Lft^Li L-oj iiyyij ii»y» Liau j y’ J*>J 52 h 
? SjSJl '£y j* 60 cm o» Js (y) j Sjill Jib ^UJI »UUI (i) 
itymi OuL£ X = 0 xltj , E jLkt! ik-jly X ^yJ«JI jlxJLil jit Lj>jj jy^jy if_y *IL| pi 53 ■■ 
jyjyjl <dlS ) . E JLxJl oL>Jlj jIjai x>ji . Li Li jyjyJI ciiy x - 7.0 cm j itj 3.5 x 10 s veils jy^yJI 

. ( m P » 1.67 x 10 ‘ 27 kg 

> ii-.;>j . 6.0 x 10 6 hi Is ily kj_u) x joJl jIjIjL J-eSl iLii jj UJLLia jjyiJ] jlS c L <Jx>J ^3 54 ■■ 
J_y j_l> jLLail oLyJ'ill ji dytJ pj . <iiy pi t jjy^^l iSj> ‘U^! ji j_pJJ jly E pJalL jLy» 

. E jjy£J JbJl »l^jlj jliL l>ji , 40.0 (1 S Ojji |>j Mf >S’I ibii Jj ijfl)l y 

. (m,=9.11xlO' 31 kg jjySMitf) 








(j^JI) j!* ^jLJi j^iji 


*-** K jW-* Jl -N kr- * jW #U^ oLilj^Vl J-fli iio; jj^] Jjj 55 ■■ 

^u> (y = -tEfllime *u oj/SJjU y ^U>)ll *1 c*J| (i). *iU\ »i* ^ y jy J| 

^ xy j^i ^ jL u 0 f (y) . Ji^j,y A £ j ^1 ^ ^ e 

(y = c£/2m^ r 2 0 )(* 2 ) 

JjU« ) Sk-lj# k tsL»j |J »* jyjl > ijUu oljlijj 0.5 n C jljill ^4J L*J c^i oaJj 56 m 
■ J' 400 N/C OaJ p-lsMi jfj+S JL>* jjt |J . 5.4 x 10"® m <)y>j 1 <J iltf Hj ( 

^'y. <jOt*ll JL^JI 0^ y uljjji* f> y U (-). cwmxAJI jk jJjil ^iLJI ol^JI ^ j^; 1 (i) 

? x jj>Jl £* 60° LkjtjJu 

j^Ju y* L. 1.2 x 10" ,# J U^ljJu tflb oLl-*U ^Ui J JS J*>* 67 n 
Y Jl*Jl Ji oLvJl j* Lj ? 15 cm IfJjt i»U j gUJI J eJUtfSTfl Jt^l 
. ( me = 9.1 x 10 ■ S1 kg uj^lSJVl Alls ) 

Jl_?JI J ci^| . x = -b j x = 6 ole x jyJI jUJ Jt jju-SUi* ^jLily jljiXI (jlfyLL 58 ■■ 

O^Ub J ±A i L*jl4Uj x jjjJ )\y »\jfi\ J y j^>J| Jfi Ub jie £*HxAJl jfi ^yiUll ^^Sll 

E = 2kqbl(y 2 +b 2 ) m 

• *M u£i ji KW Ojbll yJJ UfJ UjLJI ilUl y ij*uxJI (^1 y 59 ■ 

j-lx 5 U* ijiix oL» xfij L+mju <> lx» tijxj Lwl5 > 1 ^ x jj>JI Js -q j 7 ^IlLU ou^j 60 ■■ 
UjWL ^.Lu x jLluI ^ <Ju; jjs ^^I Jl^Jl jiji, J oyj . ol^lj>^ll J-ei <Lb ^l> 

. E = ikqblx* 






jif juUl Jtfill 


OmLmJI oL*SJ! pj-jJu ji LSjjlS^il c-ljj jut Ijjukj j«J 
j—lJl Jj IJa jS 4»«fe>c ijjti ji j 5ilLJlj JjJJli 

J_*3 ji j_4 jJLei JySi I 4-JjjJI »Uil _vflxi 

oLflUl pj^ it Jl_»jf ji ~mij . &jlJl 0L4JKJJ pll j sl_.il 
J5-1j i*jU wtu Ji J*ax) ji L)U ID ^jj U» « OwLiil « 
p^-i* ji J—aiJl *i-» j-i tSy— t»* ■••! ) |» 

• ol*,ulai)l j-» ^ i^UU Ji*4 ieo^)' ^J 11 

j-lljjl J_li j_f ijoj JjLiy^y p^-£J J—sf ^ 4jj 

. JJjSl oLj_>Jl oM»0U) LyUj^iJl 





4jj^£J| £0j]l 4JU» 17-1 

LJjI ( ^IsLlj) IyiLjJJ JLxi >1 J] jlfkj jj p_s> Oj> OjL« ju£ jSjJ 
j_« ^ju m *jb£ U__c* j-il*, (GPE) Liilidl ^»yi ull» p^L liluiJ 
. JL-i J p-**iJ ii £• jjlyj yi> m* UjIju ^i J] 5y JUJ 
jj oy)l y/*^ j*£ 5jLrf yj* h La^laii iil—J p—*>JI Jjiyi Ja-JIj 

LtlilUl »jyi lilL BjLjj Jj iijl jJ JjLlJl ij_» ji J yJj . mgh y uLII 

s-i-_uV> <Jl> k j«jo j-* iUj j" p-*»J( Jy Ijli. p-*U 

jJlc 4jJjIjuJI vjJ 1 LilL (GPE) olii* iilLJi *IL jyii j 4 <5j> 

. /i <iLll if-oSil iS^J! ol)» (KE) = h »jIjL ^liij 
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ttOMtt 


() j* ^Ul >UI 


:17-1 Jli 

iH*y o-» jiJt-ti JL_*J oA 

«jL*au ul_ o kj u4*jja-li Ojjjlj" 
. li&lu 



oUj JjLuII iJSliill ^yi <jLL> (jj uiwo jjili l jjj 

. I V L V iJ Uitfljj *Liii 

Ij-jJ o£t li »U <y>dll r uSl ft * i**Dl j lifj J5L. Ji r dUy 
<Jl> JJj i *5^> <}ll> Jj 1+ljaO jSU £#j Oilj 

6J -* j* ‘WM 6? S*+> «-Vj ) jsj'r* j*>y oH j>>>» u>>-2- 

J^ 1 u-*> (JjiJt; fcjli* i*ii)l iL*f« USUI 

E ivl3 ^ *} jjS ±t> s ox Sitill ^ JM 17-1 

U>JJ| ^Jc spjii jyll 17-2 Jlill L.1. j£ill j l*$ Cjoy 

J )-*) ' ■ ' . ‘■ " ' . l l^jIA Sji j3b*w </ <i>vij j^pkll p*Jlj j4»yil on Jy>-y 
^JL <1~*3 jl Ujjl lj(j j*-*!l y*i SjjUI «L* «L>jl jj£y 

. F = -E q Ujljl* iyj ok yy jl ^ <jl£* j jjxill 

J >L»i iyyy ( JiilL jH* j* l*» jA y>) ) jjx&ll ji >yUJ 

iiUl J <oi»i ji pjU B &u)l Jj <£y>J liijl yi. 17-1 Jiill j A <LLJi 

0* B J! A j_* <J lii* .ik p_t>Jl ^ Mii Jjui* Uul jl . F UtjIjSi :yj 

y>B JjA j,Jl&:>UFSyJl 4 ^ Jill jUJljliJSyi li. 


:17-2 Jb& 

^djL-ljlK— 

O—H liLi Jij jl V if ill 

. 17-1 jiUi yi 


WAB=Fd = qEd (is«liE) 

ij^j^. lliui o^iUJi tyj jlj jjjyi JUD lu oii« jun ii*j 

^yi oik ^ Uj^i SjiJi jui u*jji jj Jyy 1 j*ah J 
jjili ol* - U^yillj iyilSill _ ^UJI UJLS <ji ji'if Lukj . Uxiil U^5Jl 
. bjly^j ^il yn ko Jif^ll oli» y 

<-*jA j—L t iSU? J^AjUUj ulLu jl 11 l S «; R Lilli J] J^W (jl JJUj 
^jJI) Ef/ SjilL A ciuull yo oi>^-i B Mfi ytj jj>All p^Jli . i£j> <ilL 
B id* ^>JI jlL lijjwi lifjkj uk yy jilij (ijjlyu y* j^ll c*>if4>! 
<LuJ ouJL B jit <j>kJ (EFE) ku^vfiJi ^yi ISIS, ^jyj li5L*j v A y*j 
(ijLj A ^Liill o_ilb B -dulll jit 4iaUJ i^j^SJl ^kyi oll» jj A j^l 
B JJ A j« <ixUl jLjjU <Luj^5Ul jyJi xi Jjjull 


W/W = AEPE ■ EPEa EPEi 


jj 4_^bl3iJl £_u>yi LSUs ui Luj^£)l «—»yi oil, Sijli* juk ^L 5 !)! jyJl j^iy 

U>kJl ^,i yi kjJ-*4 ji frSu liU j^ll j-tuuJj . 4-ixiJl !> jj fiy Jli. jl i^L> 

jAt y j5(i ojk/ -q <i>viii ji? jyyi syii jj ^jl i^jis jj>yii »j^yi 

jj> q i jit i> m ">U _1 Jjuu jlj y'i syyi SyUli ij_. i ^xj v E JlxJl >l»jl 

Uli> ^ jjtfcJw oulS -q <1»JI jl j! ‘ A Jl B jj 

_po A j*« oLU » djjK, jl L^J Ijjj R ut jkli Ijl Utf A jit 

, E »L>Jl j«5k sUsjl y B 









(jlpJI ) jia ^L)l Jm)I 


J4*)l'jy 17-2 


d^Aj^ dJj} IS^lSuil liUi Lm Jjui 6^a> iJj-i i>A>* W*j 
J1 li* • jf jf*N '*#£ 

oLS jaJ , 17-1 JSAJI j Ojjj»Ail Oo»yJI j# jilt <o*y <i>»All aJL> 
yk B j A ifcuLuJI o# <*xiJI ullll y Jj/J' 

m ?EA = qEd 

^ jjuO> <Uu 5 <J^ ^ill <il)d J av a J k 7 UjUII oi» y^ll Upj 
B j A oa oLltj £ jk jj- Au«j 


j*_*% . V>jJL L*j j-ijy PE/? ‘ »W *4*2' 

lilkJ li!>l> oi i>'iLj . aly 4**-a- U ji J£J Jj* o!j>j 

( Jl*ji yy ydi 7 i^yi ^ c>!* * PE 

JL»J| olj_>y JjJj jj-JS (ILii yiyi cJyll Ju/» o' ^ 

.EjW® 

Lltf jHiy <Jb (N/C) oMl ia>y iys JL>JI ^ J] oU?L Oj» l&j 
. ( HiLlI o* j3-J£]) £*$11 £ Jf*Jl Wj jtiit jlll a*jJ\ kiii 
Laji aJi jLy B j A o* i«Ji o> ui, ju^a Jl>ji oi^ji j J*u< **Jij 
: ul>ji &ia y 4 iJi^>i ji 

Vab » Vb - Va = Ed { culi E JL>JI) (17-2) 

: i^>JI jy J^/3 iilf-9 Jaw J* IkJ 

u*J ^yi iiit ^ Jjiii v> fl $ a 0^1 o* (jl) jy 

. <jjw J l yk Uj-kli k 0 n ‘^y 

: Ji L (jSiJj ) U»>M* j*JI li* ale pfl< > 
^L»y jUI iLJjS kiylS Jl>k* UU Lr Jk iii lJ^u; 17-2 <JjU 1I ji 1 

. o^*<^ d^r 

^ La>^ SJk^sJ (EPE) ^1 ^yi SiU, ITU* ^1 ^>jl 2 
L,\ EPE juii; Vi-y oi* v&* >' J! , JU m* o* **• 

Lpl ; ^Jki ju|_> olj likw j-ip Jjl 4_J EPE o>&* **)(—*)' 

, J^kjl J! JU)I Jkf»J' 0* kjaP EPE 
, ( Jilial! ) i^jl^JI oWka* >J liyu-l Ijl Uj^b 0 U i>Sl Uill M»j 
* LL-J » Jy* SjjJl La>yi 0 .li jijfl* -H ^ 1 & ^ 





() r* £^1 

^Jpi jio ijJUl « kLu_i » Liu . Jji Jy> Cilj jLL J] Jyxll L-aA Jiwl 

, “ jlhi .*" 1 » Lijop PE jlj—jii j^l)l>Jl Ills jij . jy*ll Cua* 
piUI JjLiJl yL-*> j^ikL-o UJU B j A VaD iyUjl)! Ljii jJj 
: i>j (17-1) <UjU 1I ^ljj>owLj B J| A j* <ixi 

^Va« = AEPE*JAJI 

ji LjJail liii jl <li>jilj LJUI olixLJI jj jS ^ip IjtA j^Jxi^j 

i^jJl jJu j^Ul AEPE j Ji-Jl ji JSJj . Vad j q j* JA 5jL&] J*>^U 

.is^i^WJjis 


17-1 j>*iy Jli* 

, (V/m) ji 2400 N/C jli 17-1 JiiJI y j*»jl)l j* JM ji >>' 
? lyjLu > j >li jy «a Li 0.5 cm j*>jl)l j# SiLLI (ji jli 

4 jl* lilj 4LU Cu3 jj ^SJI JUaH i JVJUuI 
Vad = Ed = (2400 V/m)(0.5 x 10 -1 m) = 12 V 
ji LLi^il jjj . A ^jJJI jJp . 14 -J>JI j* ^lpi 12 V ojy> B yufcjll ^jDl ji tfi 
iiLju xjwjj j*>jl)< on <Jai) i,»l jjp Xf>Jl jji t V -0 jlA j 4 rjlll -Lfi ApJl 
: ojUJL Joju, A rjU' > x IajIjJL 

V (x jup ) * Ex 


: 17-1 

jyjfJI L1 ja> d jl . -4.0 fi C/m 2 Uljjii <u > . t l J *j>k- iiliS y-u J^xj 
V 2.0 cm jjljii jm Ja ^aJI jji V= 0 jljiil* £ji)l 

i JVilul 

(' iiLJI ^ic jy>JI jLjpI Vui jji>j jiJl L ; Jlj-» 
t AVa-A’A* jji; ^I JLfJI jji LjL*, Jl*Jl 4iJ : ^ 

. £ »l>vjl jIjIiI Ja c i.a j J Ax jl j) 

o!3 i Ju* IxjLo jp jAlill JbjJl j* j#* 3 j* ^ 

(' ulijju iixA 

4 Jlj^Jl j_P ijjuw jfcli* jij OuUI jp ll^ cuyl JaiiJ <#«JL : Ol>yi 
: jL juiu 1S-8 UjLII jli 

E = <r/2e 0 
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. JmIL lUsoll ja LS o^U jIjL y»j 
. JUJI jUjI s * L : Jl)- 
L»oLall ^_xi 4*lj JUJI jli IjJ i oJL oJLaJI jU LUAll j! U : 4jb^t! 

jP Ijjjy IJUt . ( uiki: 4a>^» jLUl iUJ jl l ymj ) 

. jijtSil if>U J»\ pi j*i J^JI UJJl 

: _j* JUJI jlji» ■ i.v^'.aHj ji.ii 

E 4.0x10^ C/m 2 
" 2(835x10-“ C 2 /N.m 2 ) 

= 2.26 xlO»N/C = 2.26 xl0«V/m 
yt oJJl jc liJAj 2.0 on iiLi Lis' v>j pip ,i f ^Uill j^uj 
AV - V - 0 = -(2.26 x 10* V/m)(-0.020 m) = +4520 V 

j-P ljuyu Li I <JjAp)I ji J -Sjj J-Jl jl} . lu oljls^l ypiuJjl ji j$b 

Uxi «_>i Jjjji Li. i^>Ji ji Sj(jj jjju i 'U>|j Uw »>j y ljl lixi 
. j^jfJl y Le>L*jl if>^i iU-S je Ip^y jl LJL 


: 17-2J& 

c»jyi 17-1 JiAll j B itiDl Jp yjSbJl ji jlti tiyjji jl jifl 

J-5 IfJ jtji Lai ^jJI iPj-Jl jlP-ii A>ji . A UiJl pip j^S_Jl jl lijjiJ| jllll 
; trip = 1.67 x 10 ^ kg 4 bSj Vah = 54 V jl >pI . J^liil p <UL 
. c = 1.6 x 10 19 C j 9.1 x 10 SI kg j^Li m, jjjiSNl ibSj 

i I^LUJVJJI 

V oilfill <U^Jl jlJL jiPw (,$JI L : Jl)-/ 
JJ o—ilL £^JI +5U j« jA« jpL j>>Ui > J-S jlkli : 4^)11 
J[ ^s—c>Jl J—^ LJp KE i5>> lilt Jl (EPE) iilkJl oi* • J*liH ^ 

J*iai c y)i 

? JS <( j»i jjJl (EPE) j ^1 ^ L : Jl)-/ 
jjjjjjJI Ll . OjlUil oljli^ jSlj LlxJI j-ii jMPwCkJl jl J$ JlAi : ol^]ll 
^L5jl J}U « km» jjjiil^lj i 45 V »jlJu p^JI J^U * » 

11 .-ilLi. . PE £-4})! LIU ji jljiil jJu Lfii ^ jl jl . 45 V jjIjL 

: jyjjil) 

APE = (+c) (Va - Vfl) = (+1.6 x 10' 1S CX-45 V) 

: jj^lSJtiU 
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:17—3 JiA 
• 4^' 


APR - (- 0 .) (Vb - Va) = (-1.6 x 10' 19 CX+45 V) 

1 ‘ <*jJI jljju jL»j]x*ifw Lfil Ijjt J>j : Jljw 

jauw itjJl jSJj KE iSjjkJI liUj j* jljill uJj j l juu^j Uflj , ^1 : oL>Vl 
KE - ~mt> 2 j! jSjtf dlLJ}. j*j ‘ Ja 

y> y^UJl IdS Jp Sjjiiil £^yi oik jIjJu :3LiiL4)lj J>Ji 
APE = -7.2 x 10' 18 J 


4KE = }"«"‘*H"J’" 4ra 


o-iill iSj>Ji oik JjLj U y>* 

o!» &• J*j 


, ■ BII - 4,0 x 1Q6 min 
' ] 9.1xl0' 31 kg 

[ 2(7.2xl Q- ia J) 

u = I-.. * 9. d x lu 4 m/s 

p ]j 1.67xl0‘ 27 kg 

. L^JsSJI ^ j4#£JI jjJij on 6/11 


jLfxll objLbU 17-3 

Oliyi 4-ikill jA j* Ja ijki 

ji Nj M jj *»kiill JH Of*ll jjj jfi I ^jU i jLd JJj . jjujljill 

oLlxJl oju>j jlfi JjVl lM* IkL* j* J 44 JI jj* 6' &4>) 17-3 Jlili 
jLili’il oli^j d>j>sl <Jjj p'iUl jAAJl jl lulo . (17-3 iUjUll) 
xj'ili Lfjlia j) iii • N Jj M tkliil j* 4+*jll 

Jt**Jl j,wU £i yjljSJl Vy^ 1 * 8 ^*1 ■ ■ jW' J! *j*< ji&)* j* 

ijJ N J! M LiS^» IjLi. jlui'lll jl* 

jjju Liili JmJLjj . SjSJI oLs»Jl ^4 A»Uii <£pJ! »L>Jl yi ^U«i Jlu ujljSJI 
JUmJI w jnl*ju al^Jl ji jLui»'5ll iixA J *>1 (jl J 4 J i»l* Jll* hiuJ cj 
. 17-3 J-iill jJ N j M y^JJaiill y* j+» ^ 4ili lji«j jijtQl 

} M J^L> jUI JxJJI jU uiiyi UH\ £»l livilj j £t <ji ^ *5J» ^y 1 J) 

kjJl 11 * Ja jILl-j . j^IJ jji J 1 < 5 ! \ ApJl ^ Ji e g>N 

JJjf j-j jUI yli JJj Ja Sj^Uj . JjLjl»> o^UJI jif>Jl ji 
ijl—J a^U jUumj c*li j+* jj (iji-u >^1 >» 6 *>jU lily ^ ll 
jj ji (ijl —U jljlil jlp 5j>- 4^ • <i f^ 1 
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jj *1 JLfjkJI JjLo k_> jljuUl Jm iixi J^>jJ Jjjy JAA f If>J! JjLj 
A-l Ajill l>^k> AJjlftit Lulj j*£< lift Jit j'i Xpjl JjLu jv-« 
i»j-k> \-i t^Lu* Lwb jj£i AjiHj]a> jl i iu^iy jl JlxJl 


ji I i j J' lt l Jul ji ki/u Oil iLl 'll 

a _Pli 3 jfl % jk :.J IjJiil 

I L—i Uyji AiU ji U£ b jImuaj! 

jli tdlilj ( A*ibJl if* ) 
n >> j jLO Ljiti _>b y^wUtll 
jL^)^|jL_^^a 


. Of>JI JjLO 

j-3 Jji-JJ Jill I (jl olu] Ajkuu 10 li i ^yjl>«JI <Jl> j3 UIa) (jl Jjw LiSj 
. j faj ll j* ^ill jUll jU Jlimj H JUu J^fcj ji jiikii j* ii>w 4^*3 
olj-k W l (ji i»u>j JJ <Jlji>l 17-3 J£mJI ji iV j M j^laOJ! j# jLu jij 
Jj_M (j) <01 jjLi £* sotUit jl Hjjy jjfi jl L»l ^jjJl 

jjJII £i cJ5 LtfLli j fii JUJI jl) t ±fx'l ol^sJi igljll oUUaDI j J»* 

: jl^J j* ^JlLOj. j4>y)l Ojm* Llii C t M j. j . il»2 . ' Ji oL2U>! 



j hji) (jillaJJl j* ^fcill jUll jLi>l j£ o*i« 'i jw ipjl jjj 
, J,\ll>\ Jl*, p jSUL ^lill^l jUt Sl\ Jlfjl jl 4*»UJl oii ID 

I oUj u^/J ji j£iii Ji> UJ <fit*0Ul AO* jli (J«iJljj 

. lijd lilai L£ JjL* Jfi tflUl »ty jwkj 
iLLtll giLjli! ji LJU jla>Jj jl Jy^li Of>JI olyLii liilli JjO ji JJj 

jii^ *51 Ail c/lllxi ^ Aj^yi ojLejJJ 16-13 p«i)l jl 

dJjJ <u5Lj3ll—>l vjjjk <^*>3 S*y ^ 0* j’-jfi 

: jl ^jul<o 


. Liullrfj^S si»3 if^Jl (jjLi ju»j ojLt^l ^LJj 


17-2 ^j>MjjJlM 

jyJU cjL» jii<u f~*> ji v-tjilL j/jfl I JUaJI Ij^j ApJl olyLii iy»> 







J*iJI 


jsaji J {tell o-ii ci**^ 1 ^i*1*-*^ 1 J! j^i . l ^ki4jVdijt 

4 »—> jk'ill p ovk- oli -Dil Af*J* tfjUuU U** yp*i Ci* *i**> 17-4 
jjL-J l»jJ»> £ fo»U« jij ^ »yJ* ky>> ul Uy ■ J +^ 1 Jj 1 - 5 
^k— £» ixtliui JL*JI byJa> j ySi 0* ^ ‘ ^* iSjUJ jMj 

04 ^LJi vsh- 1 ^ gz J-»y* Ch yyH* ^ oi US f-^ 1 

jjuJ j2> 3jl-u iiLu (y 17-4 J5Li ^kjll 0* i>y* : CjO« 
. iJbJI DJJ» J u>y U£ JlaoJ! J-pJ* ol^jLi* f-j* . iyi* 

. jlljj j^>J* oUjLCU jjHj ( ^l*A ) 4^jW Jl**JlkjJa» Cij^ : 


4 l^iIM i> *4^ fU*U £*y ^ 

j^j 

£>j*y . U" d>-»^ 

. 12 V jJ) 1.5 V Owlj* ^fJl 

4jUxll jjUa« 5 objUajJl 17-4 

ILjjUy fUkL-U fclU (>H 4-^ liy J^ 1 U* Ci! 

i^jll^i. i-5LwS)l ^ILikJI o* ‘ilijlkfJl ty\ j» 4>J* >lJU*j 

yjyl ^iLu-SJI >ULU1 >L-J 4 ii. 4 oljl*Jl y 0-Ulj]l Ul> 

1 j’.Ul. ^ ^yjlj « oUll <J±J) » Af*U)^ Uiji» ‘ j^* jW) • 

Dj>! oufe-ei Jji UiUsSJl l^UJI J! LiUlly . <i*d\ 0* ^ jU ill. 
yjy} ^A*L-J .,jJI <*-*-11 U^*JI & J* 1 83 * ^ ^ 

w ^ i ^i cm i^aifc ^ *-wi oUlJ uiyi 

LiUj UUk* ^jL» J* J**3 ^1 <*—*)* U^kllj. djUJ jlS^I 

L*Jl> fJLy . <-*S <3lk J! j—U< »^ll J<>>W fp) ‘ ^k)^ 1 <y 
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:17-S Jti 

1.5 \ 

. fafal ill ijill J**#j 

J>0— i*i fa »AfM yk>« C LijWlj 
. D JjUl j> 1.5 V 


fail yaJi ^WJ' fa W <> *fa 5 j>' ^ 

. oil* yiy Ll^JI ji j* kA ^ 6* j*/! 1 C»' 
Jl fayi <4-j 0 ( >y ( u'jy* ) ul*> *4-f kA JSJ) 
a* j^i jjj ^iyi ^ y W j*- 5 u 5jU j 511 ^b • W 
. S,M l^lkfl 4*jg 12 V j **J! W k*-^ 15 V J»J W 
17- B JiAJl ^i L*£ j^ j*>jl J! ^ kjM ^ 

( 17-5 J-£D! fa ) j^jU' a_>i Jl J 1 - 51 u* «3j— 5 $ 

£u*! lifj yij A ^1 £jill y> oljjyil'jll «1» • k^ ***- ^ j** 

. jljiil fa l*J sjib k*y 5W lj* olyy£))ll y ^ oJ jU i) 
Lj_J ^axL-* « oLixi i_SK-o«»Ifjl ^ OjO o-°) ufa *^0 

. olixiD Jtttfll da# «m iipUl SilUl gbfil y>IJl k^O^ 1 oLUJl Jll>- 
L» bUj , + | |-- y> OjO ^4ii-ll >j)l j[s 16-14 juJll j fa U5j 
L*JI 6 i ^ ^ jl gjX\ 6*J >jJ' ^ fin V^b W* 1 W-» ^J 3 
yjkjll 4_%u kjM yejll JjUl yy l* ijlfy • s**^ 1 l - i > JI ^ ^ 

y>*ii oyjb o*± )• 

U*All oil* U lj| U U Jl- VjM jj> o* **>' jj* 
i#a*-* jjj ji> k^o ch ^ ^ ^ c*^ • V k) 1 ^ 1 1> 

^ ^iWI 11^ Lil>! jjj . VjO (enif) 5^*J1 il-sip ^ 

Sjj ^ (cmf) ok jJL L. O^J ^Jkw ^1^1 yj ij/ 1 
UiUI SyJl jl^l fa oli*Wl o* j ^ > kWi* JS*< 3&fl 

. oLxiJi ^jj-J Ujii ^> - W> u« (5>j kjM kij^ 1 

ii»u^ Hi js. i y)\i (emf) ¥' J! ^y) '^b ^ 

^^531 JLxJ! oajJ E jtj )l |M 
LaIp . J^l *jJi 17-5 JJ-JJ! jj ^1 uS^ll 
iiSU U^-ly kM ^ U y ,M)l ^ ^ 

^ ciiA^i kjlM jl J! B>s-j ki»j >yti ^ iLi> * iJI ^ ‘ 

Jy-»j . C^L-J^ Jiyi £H»0 oU*All j* y> l5j*-SJ jl <lllj j^yi! 
j_,j t JjjfcJI o>J JjLu f >^> o* jjWl ji /i!i 

Jilly . A^JI ^ JL^ 4-il r^i A ^i\ Jl c. JjUl j* J-ljH ^ ofr f 
X# fa> i*-C JjUl jp 1.5 V OjIjJu Ui Jii M* fa ‘jjW' ^ 
^pjl jji .iu*y 1.5 V y B ) A fttjIN 6 m jj* 

; jii **3 • jl \ J *y ^l A^. 13 A 

^ ^ ^jU*# y> ^ J** ^ ^ ^ ^ 

. ^jUwi) jjjW! JLfjNjI j/I lyU jj^ >vi jjJJb 
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() r* wM 

iilt uLf_J y*>ji)l jit yl 17-2 ^x2)l j» UjIj JJj 
yjj 4 i-|jituJl j-> li f . ‘ili >»w jli . A 17-5 J-liJl jj Ch—>^ iil b% ‘ 
lift jJj , j*>*Ul jif »Jj*jil oUx«JI LfJiij jilt OlkU IjJ-w £Mki OjlLJl 
ii_^lLu ‘j-iu L*jut jl . iilkLI jJ-m 5 OjllJI Ifjj J*»J jjl» »tt <> iyj* 

LmJ i—u v 0 j Ljly> OIL ya *Lua 1I yt jJ mXI La yli C ^I^aII Ai^iJ <—u>Jl rla-w 

A-iUjJl yjj Jj-»4 J-i****i 0-* 

lHLi Lu^aJI Laljj ji llaiij ,«j] LjlLJl b* JaLJ Jj>JI jt ooLiJ' A^ y li*il 
. i^j+SUl iilklJ ijy>i jjLaa yfi Jujll ^Iaj JIjL, 

: 17-3 

JjiJi y* 1C Ujlji* i*>-l .iL^ j* 12.0 V LjlL <Jiul if jJI JfciJl y U 
s_i>ni tj^kJl Jl wJUl 


D 

■ 




i jiloift JV_LuJ 

JJUJliPji : Jl)- 
• W = gAV oi Ji 17-3 U>U1I y-n : ol*?l 
? o>jil ciytJl Jl t-JL)l OjUl it* Jliu'lll jjp jj y U : 

. +12V: ol^-jll 

_l> u JaaII i 4 ui^l mlij JjJ 1 

W = (l CX+12.0 V)* +12.0 J 

J_lf l^_J EPE y_i A_^j3 A^jil yi jit J^LJI yaiil £• »j* 

. jltSl JLf*JI J! JiiSl Of>Jl X 

J] ^A>yi JyJJl CH 0 )j^! ayk y-» cM 1 J 1 -^ !• : tilj* 
. 1.02 x 10 ' 1! J ylUl JW' 


: 17-4 Jit* 


10 000 V 

:17-6 Jli 

LJalrt f \ A*y- y- y^ijjJI Jjjj J* 

ib it a 


A ^JII jjLij y>). B yJl yt)A ^111 j» Jjiu 17-6 JSJI J by)jt !• 

y» Lai y^j^il yj^l bx 10,000 V LjlL oUj ij . 8 x 10« id/b U ; IjL l#j- 
Jiti V B gUL obU yyjyfJI l« dytt jUI «/-Ji j'jii y* u • ^ 
, yjy^iSJ piSjVl y-UU iUI yX 


1 


t yilai* JVjLuJ 

f UJyllj ityJ! jIjL yZbu^ji i-^ 1 y 14 : 











j—* fcM ( itfkljUl ) Jftll Jji 
jl 6 ^ j* OW^i 

j-# JJ-^ ^-'J^' i> V> 

t _u >*> «yi1 jlSl yUll f . j^UIl 

J»#4— 

^ ^Ujjisjyi tr *wS iilj 
, ki^tii 4juii 




ijj»j, EPE ioj^fJl iili y Ijoii jif>JJ jjj JjU SSyJI Jitf ; <Ul>yi 
x/1 5JIDI <tj -Jl jloiu ji ^2 i^pJI iili# ji jJu J| »jjx jiAiJl 

( W up Jj 


AEPE = gAV=-AKE 

? jftl fi J* - Jl}"' 

jj 10,000 V ojIjJu L, ^1 o*> o^ B ^1)1 jl J! VjIM ?j jA : 

A 0*4 ipJl 

• ipjrf jlji* ojjl>%JI UjUII y l» : Jlj«/ 
(»}-»£)=-(*)(»*-V A ) :ol>)ll 

¥ (jj^sSTjil *Jl> «J}U>I *>j U : Jl^«» 

. +f J** -e iixJlj m p m, J*3 uiy ]/l 
Jl \$}y plSj'il jli j y)jA) 4jujJL niiidWlj Jx)i 


2.2 2e(V fl V A ) 
V *~ V A Z 


«(8 x 10* m/a) 2 


2(1. 6xlO~ 19 C)(10 4 V) 

1.67xKT 27 kg 


; oji lokj 

do = 7.9 x 10 G m/« 

<J_ajJLj ^Jic'ill jL^-J>Jl t-X< >UJ LlOip lJ tj-i+H LtUy (jl (51 

: aIp^ jljju sjl^3 jjju ^kSl of»Jl j*j (jli 

2 2 2( e)(K B -V A ) 

u H -u A - 


j/ij . *JUJI 6 oa J JIm UjUII (> i*Sl j>JI j yUJI ax!I ji Je* ^ 

: (jl oLi| ^LjLJ j! 

w> =■ 6.0 x 10 7 ml* 

o'ijLu l ojtll »ju» frs . LJaJ . jLJj Jji 0j/-^ <tj-> jloii 

. i^-flJl iUj— fra olfi^-Jl woLL L.JULP (jij J ji ioo-Jl Aji^kJl 

. (8-11 p-iJI >11) 

4_fli> jli jjJj^Jl j! >1 (ji»yil (j m ±>y. 0> J*H ^ ; 

. 3,34 X 10* V ; ? iyllf# B JJ J«w (jl Ji Jiy* £)t 


oJy 17-5 

Jj>i ii>] ji . J^fjl J» oIIjJJ SI 5o>j |ji cjyw c**au»i oi dilj o/i 

60>jJl 604 |io>0L*Jj . ^jyJl OjjJI j *JU»U 
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( I J*>JI ) jiu £|UI 

oil, HJfy 5j>jJl ti* jju ). L^k iLufi'il j* u £j4>j ^lj JIL 
: j*Ij cJy jifjjJJ jjj J^l> jJx 1^051 e UjIjL 

JjJvj Liik +R 1 »j!jL 4 x»««J Lf*-u 5 J OllaJI y» (eV) A»lj ClJji 

. o*l« oJji ojlji* j+>JJ jJ J^li- 

jjJ JS> lay*, Uak fjj jS q UjIjIi I^OSu ^1 iS^I oil) j| 

: cJy AV Sjl jju xpil 

AKE (J) = -APE = q (C) AVTV) 

• jl* cJy jj_yfl}U j^UI u^xlJI jjj 

AKE(cV) - q (e ) AV(V) (17-4) 
• ^ AKE j£ j^*ll j^jUil Ljlluj 

AKE(cV) = AKE(J)^^i 

<7(0 

: j|* le = 1.602xlO' 19 C ji Ly 
AKE (eV) = (1.602 xlO' 18 ) AKE (J) 

>* J^lj 0* JjIm j|* 

leV= 1.602 xlO' w J (17-5) 

<—>'*>w) oIxpLoj jp SjL« oLxl oLmaJI J*aj i L^Dlj <^jJl ‘l^*)l j 

LJ e oIjl>^ L-li* i oUaAJI dUb cwl5 IjJj 1.602 x 10* 19 C ji e 

. ijiM |>i3jl jl ;j>yi 

< <Jsli? jl—j VL 1000 V sjIjaj if>JJ jjb J}lL <jj>j oy)ji Ujkj 
^ (17-4) IJjUJ ILL 

AKE = ( 1«)( 1000 V)= 1000 eV 

1000 Ojljju Jbf>JL) jjj Jl> iljAl j j 3e UjIjL LaA II Lu-l> ji y» i JiiLj 
w-*j jl ch fijll Jt) . 3 x 1000 = 3000 eV y 1 *-jS* yJI tfUJI jli V 
jl 'Jl] i SI 4 m il LU'IIjIa* jj p,lA ~ i, j| jSutji *jl ojy I 

i-jjjJl tl^jill jJ Lf^ jJOL j_ill I ol*+.j>ll JiLull Lf LjVj L^_>£ 

. (JaJI IfiL&U j* j* <yy)l ‘l^illj 


17 3 Jlxi 

. 13.6 cV L»jIjL OIL lj> rviuul Ojj jj JjlL J>l^ jj^lilJ OljJI ^jij—u 
jjAjjX^Jl oljj JU j_>jL j£ l^» jjj/SJj ^liil ji i>yil 
OjJUl JL-»JI u» li . V^« JLf^JU J}L> ( iZiBj* ) Cjt\jyjjU 

V Vaa i jill ijfJ 
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(^) r* lM 1 

. JJlIl jJ# 13.6 eV Ujlji< i5U> oyyy JS JjJ JjSJ ji jj“! f i yLU JYjlLI 
jyi J-S i-ilLj IjJ . 1.602 X 10 19 C UjljiU ii>w JS jl tiU>J 
jj ojJkll Of-vJ 1 jjJ jLi lifJj . <I^t> jjJl Of^Jl jjil l^JAt OjL* 

. 13.6 V 

3e JS 0*1 oU^I j» olijjiil oJlS y OLil si» jpi: jtjti 
.4.63 V : ol>^ll 


17-6 


jj JL>JI yli LJli dl i ll) j y^b 1*** >4^’ JjJU J** ^****' ^ 

. (jLiil ill—u J y*4 IjLb £«yi UlL <jj (Jifij jUi»l ofii k Af^JI 

y 4 jj_JL Jli : L»jll>3 Owu 4*S v-jJli dilikli £*yi iilt j-Ui ji*ij 
£-»yi iiUs JjL** jj» JULj . 0^* iii y j-*t* jJ*-' jt 1 ^ 

jjijaii dyo jjj . jLl>i oL* ^yi 0 U 3 J jjlji ^jyi ajo^j jyu d^sii 

i ( oLH y^Ul J-ajj Lj ) (jij% SjlIoJl j> ijMs LL i Ji i 

J«»i.L U Uli Li Ji ju) Ujljii oll> olj »jL Owull »i» jjii A* 
. JJj jjy JjL US ■4-*'U uLH* yT Ijd 



17-7 Jiki 

4—1 jk B & JlkJ) 4*11 <jj4 

jl__iii> 0*1 Ji* j* J jJdl J»L!l 
. B OlLSl ji* ^l+iUU 6* 0*>* 


jL> 4 j >3 uiMillil j> Olj olUyfJlj oljjJLS 4 oLO oli*l J*Lu LL> 
^A<_>JI a|i oili>Ji oi* jjj, Oxiii oily H «Lu Lp pi o! jU jypJl 
LLy |)jJU U jj <JUi>Jlj OJjJl dii JuP jlju J4> OJ JlLrf /' 0JJ>i IjLi 
j^l Li . Vab iilliii ji> Lilli jiJ . Ji U y 

J ^lc jaU jJ . Olfl'lLlI ole ^ l+ll o °A UmDI j! jL jaw J^-i 
jSt■ oJI ji-iu U p R Lp Of*JI r+*i Iji-* jfW - 1 Lp J 44 JI 

jj jlWI xpJI jp LjjLj Ujjp 01 04 ii>^> jl lULcj B jIp jlUl 4 ->Ji 01 
. olfrtlllj iMI >U 1 j Jaj JLpJI jjj jt- i OLbJl 4 OJ>jj liilj U iisii 

; +q Ujljii U}*U 01>L !>P j-iLiJt jUall J4*il iljl« jL>iU j^ll fjti* 

LLL jU») -Ji f jyJI JdJl V L> J! ^Udj . 17-7 Jill I J 6y ^ 

Uv—; IL» </ &r oLi Ji> r - * & q, 

jl»jj Lull lj iiyjj ju^ idS k jOyvii j*>y <>#; if%Ji jjj ijp>y ul 

l / r 2 i_»j jjja Sy iiwl^ Jjjoll J*UI ljL»> L»1p jli J^IaII yj. E 

OjL-uj jSjlL. IJ4—lj JilSDIj J-jtdl jjt d^M k-*»y-u rA 1 J^ ^ ‘^b 

: jyjljLoLLpJl^li) 







j«i!l 


f-* ■ »j*N pjJjS uy^ J jjiiil c«lS)l y k <^> 

u-*$)<l <Jj*i* <-M> *-^> 0-6 ^LJl Tahfl jJkll ±fy]} a*u Je 
( ii»JJ J3UDI ijjjS 


W<- 




(17-6) 


o^k*^ 17-6 UjUI! j-kij. iJLw 4_JaIj Dili jj*iu]I J&H3 

■ / W* 

li^ /• oliL-il! ^_>«> jic <) <1^ jf ^LJl V»u ^J 

, r oliUl ilp ULr o^i V ^U hj <jJL 4^wJt>j . q ^ 

- U* lt -kL J-k jjixll . If , fr) l uL> *jtlll! DO* JtwiJ UJlj IjjUj 
. cuLi ^ Of»Jl o* Uy . <^Imu)I olixill o* <Uja*4 0* jAUIlj 
L*A> ol_i>vlll oUf_wj ^ OJjJLli 4 i > » * Jil V»bc yL*»J 


: 17-5 Jlk 

jjjsi lyjjjf 6 I . 17-7 Jiill ^ q - 5.0 X 10 *C ^ r = 50 cm jl jijl)\ 

? IjijiS ±H+i U-lk C*J*I jljL O^H • P iLul! Jju£ 

V ISLxIl 9 ja ^ isLilj jlji* o^ kyi ^5jJ( Ijfll y L» : 
xic PE jJi Ui KE v .u..>. ' i5k- y^Jl ujj * &L-Jl ^ UUi UL : 

. Jjl J+> y-j iSj>3 
?«Ujie »jhJlww l)U ; Jlj- 
r 1 . 41 ' ^_£J Lili£]l <_j L*j ij_uu j*SLi ji oli 4-ulaJI o>Ul jt ; Ol>VI 

. iijij-oJL IJlo jk^*i) LylfjJl Ukll 

C xpJJ LuliL^I wJl ^ie J_a>j" JuS : Jlj-» 
: +5/iC <j>kJl ^ GO cm oLu jIb Vabc 4 -ui ^jjiLu iLie ; 4 jL>^(I 
kQ (9xlQ 9 N,m 2 /C z )(5 fiC) 


V,bc = 


0.5 m 


c j.i__i,is]i jliU ^le J»-ox!i r -uj ^i]i <]jl«il ^ U : Jl^-i 

e AV ■ «Vibc ■ ~^m p J ^1 

: y j+aJI * : ■ ''-ksliJij Jx'i 
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( ji/4* Jl >»**M ) £ LJI J^ 1 



4^/ 8xlO*C 

*j 

10 cm Si^ /f 


:17-8 Jii 

H cJuili J-lt j—lk*ll ifkl 4ji 
, CAlill i‘iil AJih Jt- j 


tg.oai 3 

** r 0.5 m / 

: ^Lu ^kjJI oil? (> IjloL kij p 
APE = (1.6 x 10 ,B CX-90 xlO»V)--1.44 x 10' 14 J 
; AKE = -APE UjUII {f, 4*l£ll IfjJl / J^oJl 

1(1.67 x 10 -17 kg) u 2 = 1.44 X 10' 14 J 
v = 4.15 x 10“ m/s 

oLll uL> dUk * J «ll> lj#v * /** / irt/ 

j_k ,> J>lj / J! ) 900 V J| ipJl Uak Jwfj / 

50 m : 4 jI>VI . { jjjj/ jLj^I 


17-6 Jlk 

/ vi^LUl 4_JaijJl oLixAJl Cm B ^dbiiH jk jO»ll ApJI M 

. 17-8 JiiJl 


i /ok JVJuJ 

<■ /I Jlk cj£i kjk yL» c£*i : Jlj«i 

cwli-^J L«5j ibw JS (jp /UJl i B ok o^>J! yL> dl&* : Ol^Vl 
oLl+-}lU £**JI f /II p/l j£t) ■ **)*)» J£ 

. O^U oLud Ik OSlIj /Ijill ia?4 p Ik iij>i . w/ 
? flf-| / fj>iJil ji^ill j* l*j: 

. B il»^A JS Jjy ^y» r <iju^ , V= kQ/r 4jU?I 

V olkJJI oljU| J/ j* U : Jlj-< 

* kiii 4 jOJm Ij^ <^->11 oLi»Jl C>i k /kJ • 

a> lijfill ol/^ll /JiibJ ji dl^k* . Ui iJL Ij** vJUl olkkll 

. l#«*f fjB c*> 

/ Ulixll cM+Jp } . UbiJI oliL-il 17-8 JSL4II ^ .ttSWlj>Ji 

: jt B jk j/I 

l9xlQ 1 * * * V Vl N.n,W> < li.0xl0-«C) ..^ mv 

Vl " 0.10 m 


(9xl0 9 N.m 2 /C a X-40xlQ 4 C ) ^ 1finnnv 
V2 “ 0,20 m 
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( ) r* pUI J-aiil 


/ 



:17-9JLi 

dj-** ■ j*)j*H—* » C^>“ 

»y-lsi « rti tfyltJ j 1+» yl yjjlityl 

. ijili >y< J>k 0.053 nm 


D 


Vj (9»10 , W.m 1 /C«X^«r , C) 

0.10 m / 

. y> B jjs. jliJl jif>Jlj 

Vw = Vi + Vj + V3 

= 4500 V + (-18000 V) + 7200 V = -6300 V 1 

£_*j. JlxJl yL> iiyUll oULaII dL ILL/ jj* Ji»)l 
L^fcXi pj£ iJLj pli y .i jy»J Uilj i olpjl! oLSj* JJ i>Lo ufij y) 

3j_^\ oLau jj B LmJI J| yjjlLJJ jU>^l yjlkll <ilUl jILu ^ L ; yjy*j 
. 1.01 x 10 15 J jl +6300 eV : I 


: I7-7Jli* 

bjjUSty Jy*ou 17-9 J-SDl UxtkLJ <Uyjll SjjJ ^jyj j 

yjJjy/ r = 0.053 nm 8 jLi uiL ^jib jb* j (q ■ -e) ILL JLil 

yjjjil)l iilLj infill ^yi olt y»*»l (1) . jSjil y (q - +c) 
LtjILu olL jLi 4 17-3 pjj ^ Jill! j£j L> cl L| (y) . jljil 
yjyjLSJ')li yLx> v /-* > j«>Lu i> 13.6 eV 

. ijill y/jj yi ^^Lu/ 4 Sjill 

i u<it"i.L JVjlLI 

yLi>J yLylj-w^t LbUil pjjOLJ j! i otfSTfl w!j>J Jl> . ^LlI Ja ; Jjj»» 
9 . y j . ' »jj ru u y^Jixw y^ (EPE) £>L)II 4$IL 
Jlj. <J^13 JJSroUl Juj 4 yjjLfl^l Jjj^yupiyll^JUs.^ : Ll>VI 
. EPE Jlmu jjJl 8Jo>j)l <U*£)I jk 3jbfj oil> 
V yjjiSJ^J iiOw c^lkll HJjUll jk L : Jl^»< 

jySi v 1 i_a> i r -«« jlc lji«o Cuyfill ^Ljll yj£ 0* ilil : ijbfVI 
: yli pi y*j '/«* y 1 * (> Wf yji 

(EPE) * (-«) Vt\m 

JlaJ jjLj oL jk t j- 1 ^ 1 1 j* ^‘ b « 

, y^l>>) 

f jjJjyJi y8 r oLu jJ# jlLil j4f»)l y> U : 
it^^j.EPE = (-<)V=-^- ylipi^.^.b.-y :4 jWJH 
. r pJ jot EPE <^SJJ y)L <J yjSiL 
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() r* J** 11 


? Lfc pp* yJI i5pJl ^ 5 * ^ J[j ,j 
. jlaiil 4J/0 itf*} i^pl^ i5j> IfJ! ; <yI>)II 
Y <5yJl ^jJl lit t*i«nj jl)l *Jjl*lf y Jt : Jl^w 
otL^i ^jjLil'il Ji£ Dji^il <4iUI Oj«ll jfij j! jitill jjjrfj jy\) yJk^ ; iil>j|l 

: <J Jj5jJl ojjfjl ( 4Jbfc£ ) ^jL*j y tfisS I-Jj-B JjiUJ 

Fmi = nu — 
r 

Y jit jjJjli iyJ! y L . Jly 

: ^ uyti^ Ujljio J>m yll * 4_jill L+l] : 

p A(e)(c) 

F -~ 

Y iyjjSM *$j> <>U> £* V^* fy* ^ '• 

jjSjll wlfJI iJjlu $JJ i KE = L*y 1 

: oj^Jl jit IfiAtf 

r 2KKE) 

ta «t = - 


; j« KE jit J-oaO Ijitj 


. liUjPEjIjLOfliybjlJUoi^.lii'J4Jiiy LS<* r ^KEj 
Y _yJ) ijjJl ,> ^iiSw yll <jja> i> ^15jJl i*: Jty" 1 

j-* IjljJU £|lj k 0-* r -»-n iji^ Oj^lff a 1 : 

Ljup jj J liJ')ll ji^ *J3 j Wjl y- . 1 — 1 1 PE iijU< J^ 1 

: r = °*y> 


W * PE(~) PE (r) = 0 - 



k* 1 


y KE jt CUi jAaJI lit ‘U^Sy j* <^3 ‘lyl ojt J^l 
Jfi . C*Uj Jiyi jl Jfi r = ~ J! JjojJI jip l> pw n 3 * ^ 

jLtj . KE - ■i(AeVr) Ujlai. i Sj> <3I1> Jwdly <,»J3t li*i* Oj/^ 1 
( ii!>I oj3y ^ ljl »-’ 1 Jk Wj ) ^ yJI ^ li4 

. i 5 yl He 2 /r tij- i>l ir»^ y> 
; y Oj<*w u® d ‘^WjcN 1 
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( ) ji* gLJI JrfiJI 


(9x10 9 N.m 2 /C 2 )(1.6xl0' 19 0 


h 


(I) 

C 


= 27.2 V 

jk PE ojjS^M vij ajLL> jL JyJI ^ o* 

PE = (-*) Vav = -(le) (27.2 V) = -27.2 eV 

: jljiil li» JLw j* KE <^> oU»j 
KE = +13.6 eV 

^ PE + KE i OlW lJ 

KE + PE s —13.6 eV 

*_» j-j^AoJ yjikilj jN-^l jlxJtll li* 

j. ^ (iu’jil oU> ji) jrfi^l <m~o U y> jljiil lj*j . +13.6 eV 
« OlkJI 0 J 4 J jijUu fJti itLJl j ijill y>y giyi tit Imj 

. LlwJl ^jill £• ojj uili 

om\ 17-7 


^Jiyi ^ Ij—*j . jUuj Jli; J| ^ 

:17-10 Jii J* (^ ^ J* 

ijjUdaSj 1 ■ ^«w) l OUkJ( jii-a . Uuii ilj^l #i* . *i>^ jJ lijl- US ; 0*,urf^l 

(^SSSEJwm J® M ]1 -* H 1 ^ u* 4. ■ M j^' J ^ a- * 

• W J y^Li ^lj . (!) 17-10 JJLJJI j Li ftpjlll J1 vJLj <i>y oL*i OjllJl 
Lfj* Ji 4-^lji OSi^-L' L^. >k .w jj ij t Lfilj» J_j- O**^ 1 j* Ji-JI jj 
0« i**ll ij-> 1#j* 3*^ U (jL r j . >3l 

JJj Juu Ljjltuil >-i Lflj QJ Ji> ; i^jM 'L'o^ 1 

ibi Jiili oj-S* 11* • -w-* 11 iir-“ J! o**jW ol* 

JiAlL, £*y y> LS * JS1I J* ^jU f J>oJI>j)lj . <*wJl0i>io jLijjii 
HI - 3* (V) 17_1 ° 

ti* o' uij3«L.j • -9 j -h? O^r^W oUaJI J1 yjl ^ 

jjfi 41*JJI oi lia 4 tWJ A " <>LI1 0^ 

jl»ji oi ^ • ~v IA i a = qlA ^ 

; yi Oii>*-ill j*>yil On 


E = 


$>~ A $> 
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( J**ll) jit* pUI J-aiJI 

• My uP-^ 1 in* V .if*JI bi 

V-Ed = -4-11 ' (17-7) 

At 0 

Ovjuj c q a_ 4 V j! i5jj Ijiitj j 4 >jUI ju iiLil 

. i>jjJl ir Jjj oiiiSJJ jyi JlSuii Js- JajJxLLI iijli i 1>U 



:Ufiu J^xllj C*>yjl Ja iljlxll 4 i»viJI jju 4 j-uJI J* jp-jlj C uJI 

c= i (17-8) 

^_uil <_lLIJI olft jlf jlLlwj . cJy J£l fjljS ^a <amJJ SI oIj>j jl ji 

. ( jljljli J5wU jjJLkj'il ,/iyJI J! 

(C/V) oJji jSJ x».ij - j>Ij (F) jljli 
• &M)' i*- JJ*j jl 17-7 ibUil j» 


( Oa0| y* W) (17-9) 


. jljUJI olji>j JJ J*i)b ibUil »jjk ji ciLi] iLk 
. L> 1 > ( ity ) SIjS 4 *J! u' j*J *fe*}Ub SjiA» U*j <LL Jlkj 

j-C Jaill ji>Ju *OJJuxt JJ jjli <CijLj j(j I b Julia Jiij jLyi 03/ lj[j 


ijjJl [jli Ijjj . iikJI jlc Lajl jJjj Jj>r. «'y ojlll ji 17—9 p-ill / j/-< 1 
• £•>« y c#jiyu ^ ju (i7-» iiaui ^ •*»% 
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M 

:17—11 Jt£ 

I »|1iali 4yju Jljj jj jl'^jim 

jlj j>* ^ J * jU 

l_^ i&ji ji u >i >j L iH J) fj 

j_ ajUI jj JLi LJjjLi. 

r-*» jl j —^!! ** j** owj'j^ 
6-* cM> JO—* jjjj . 

>-(<» ik>j <*La71 UfiUk OlilUSl 

> ** 100 pF Ou. kilu (i | 

CM 4_ijSj i—4j fJiluj 
I 1 ill (y) . Jjl_li i ‘1/ i u ^ll 

^Aiu<j 740 pF 4iu* 

y_uilSV' Jaki j* 4 j1 

j— ; jiuu g 

j > > »M J-—• f—"J JjW 
i_Jyijj 4kJi^ jjIuAlJ! 

j—± j . \Ja j 

4^. j jtttyl uUi&«lk ji j* »Pjl) 

7 iJte Ifji 7] * '•_#£ iJU *i £“" 

. iuijAll J^fvlk Ja»jj 


( J4PJI) j£* pLH JrfttJl 

l«LiJ j^Aii C jlj 4 }UU j,wjljlll j*»y) ^ 

. Uf># oLllj ji>yji i>L*w 

jjii L*LJI J iJjljsJi C ^ jli wUjJj i*Jl j* iliU Mi jljUJIj 
U^—Lmjj i %, 100 cm 2 UfU Ji i>Lu j*>jU 4^)1^ Ji! jl /iF vfy ji SjIp 
: j» uJl jji3 t 1 mm U,ljJu uU 

„ (8.85xl0' li C 2 /N.m a X10Qxl0 " 4 m 2 ) 

10 s m 

= 8.85 x 10" F = 88.5 (pF) j! jljliji* 

Lxjj^i _ <ju*JI 4*>U)I j*. j^jlyll js*>jUI ^ fku 6y>J 

j! j±>jll c^yUI oi* £«~uj . j*H^ j*>jW j* ^j* jt? j* 
Lm Ufua^ o» uijk jjj l*M*f j* yjiil^ l*fy 

jjj La*Ij>] j*JjjJu jpi^ij pliii-L I^Uj 4>Ull oliftll j* jjfll g+i) 
iij-ki p , U^iu d»ja> Ufi,w jjj 

Jjlxlll 4 if-» l*fjUl klUj JUU ^L> 4jl_jk.fi Ji Jrf»>il ^IS>1< vl;7llll oliJJl 

ULi Ulik» jjjJ c*jli jj j*>_ji)l lijljii Jli* jjjjjllj j* JSAll \UH\) 
y*) ,0.10 /iF Im- jA I oUJSLllj . 17-10 JSuiJl jjtjll r J\ p 
17-11 JXUI j*^j . 4Jy>JI tof^ ^»3 Uk* 1 cm 3 jp Jiji lj*> Jkii 1 gSUl 

JUu^'il jjuLi jii> i i 

: 17-8 JO* 

f R = 10 cm uua Jj HJj«J* IoJoaj iji a. j* L 

; (yihJ4 JV Jdul 

? 4jui 4l j_j5u ji Jj*k J-»j 1 jj-Ji! uyi : J'j"*’ 
LjlfJ H jU^I ^1p UUp j«2i oliswJI jl J*j « JjAM » 4ali jj ! 

ji j jUti Ulkil JjaJ jl li) pk lijJl ‘ Lull (jjj j* I <k 
Mfi Vjliu Xfr> J v*huD LfHi ‘ */ jj* 7 UjUL HxA dli* cwli liji. 44^ 
.oUbJI j liili C^q/VuJi r UII J</3ll Jkij . o^SJl ^l> IkiJ Ji 
9 yLlI #o* Ji jjkw joJI V a**J! Ui q UjIjuu iipj J«*J i/ll ^l^ ji Jljw 
^IfjUlilj iUjll Sjill j,« ( Af^Jl jj*) UJjiil j! ->j-3 : 

^iSGLu l» yt ijSJl Ja~f JuC 7,be jli iif^j 
? DjiU o-JUq/ V«bt liji li : Jl}* 
.Ojjij 4 JmJ oU*j) 4 ju*JJL 17-6 iUjUll jJwJ : 

ji SjSJl rk- alcr jli Ulk V =kqlr = ql4i& (l r 
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:17—12 JiJ 
Li>—£( v ) ^ ^5l2uUi>S 


K 



:17-13 J&i 

cr 31 -^ J—»* y 1 

yll Jw d»JL>l f> j43 ^ 

,Jb-J.Ua yUS JZ AU 




? C <u-Jl k_iL» jurf dlj J i*jjj jjjl U : Jljw 

C-i i/V*qf(kqlR)*R/A*4xCft : Ol>VI 

. 5j£ll jJ»a JLsJ R U . h = ~- o'JUJI aIiJuJ sLp. 
4irt 0 

JUj li*j <iuu i^j ou-uJU c«li jljJL* y>_j C = 4nf j! i iLlilifl'j J*)i 
Ij ji. v j jill LiJuftj jliui iui J4JuO 4*Jl jl ^>1 

; 6 Ji ^ 


c- 


R _ 0.1m 

k ~9xl0 8 N.m 2 /C 


r-iupp 


JjljjJI 17-8 

yl "ij ( ij _> L>w jLe i£y>j 'll yi jl <juL > j_» ^ij\ 

lfj£ jiki ^1 jljll «i*j , I 44 ) ^iy yJl 4^1 O^lbfJI U*Alj Ijjjb 
j-» L-ijJ jJI Lu^l oIHaJ jjjxJI *UM JJ J-j« jU—Jl »i* ji Jjly 
. Jiy jljJl 0 jjk ^yj uy£ j'ill . Ojxill pLk>VI 

"4 )»• j» 

«um 

(n/)) + < _ zi 

(TK 1 I) (CO) 


(-) (I) 

4_jjvj» i_uk» oLyljj jic ijj-iAj J jl t Jj Jjlj*Jl ^JLi Uiiw 

jlxill j_j jity 1 —" 6-« ay&i V-W< jJlwj . J>S>J "i ijjj-ty 
( I ) 17-12 J_£Jl dJj L-ui "tyjui oLj Ejlw^l ji jilfllV 11 

_ ( yt ji ) UjIam Ifii j« ^ijll ^ CiIL^>JI J* 

J_U cJjUI ijAJU (o) 17-12 JXiJl £-*iy] . *-bj4 <jJoJ oLy'uj <JuJ> jjfi 

3 juft Ju>i My UjuPj . vJalH <£[u oli^ft jM 60^ Ji*j . 

oli >*11 <uiwl) j'i 17-13 JilJl '_ii ( jj^ JbjM ji oi^x!* 

_j Elg) #lxi'lll ji j^iuSlu*} jlaill ji ^jwjLuU jJy yjH ol>J *-i5Luj 

Jl_>Jl «L»ol* Jukis i J! J-**y (~Eg 

j j ij> . t ll j#>yil jfc VI" ul» lifj Cx^jjj . 

^yj i 4^1mJI ixfc'JJI ij*j . 17-14 JSLill ^iy uiji-o ^ ui ^^i jl J| J*»3 
JL>JI oLfJl jj oli^J] JilS ytfljJ jJJ 

. LUU Cy JUJI jj jis IjJ 1] 
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V.V.*. 

•Mil 

HIM 

••••• 


47 14 JS*i 

• (M 



—► e* 


47 1G JLi 

_ jjP j|> j) *jj yl _ <#1U 

j j__k Ai'rt>.»ll SkjLut l uju iili 

*—^ (v) • **>** 

1>J »j# i> Aw c>* 

. iJljLl 4_j3 4ljjj jiH G JaJI »43 

U>4* ji J»*i u lj*J ( ? 

. i*i\'ii«< oki j3JL jvwu 


( ) >e gLJI >ill 

IfJJ j-i p-ijJI jlfj . <jiUi ojUII ji o-J j« yiS) oljjJl 

5L5J iJUll >%ll ji ’il U>JJl yJk-y Jyj &*SJI yi, oLjjlSJj > Jlb 
oljj_l! sl» <jj-aZ IjSUj . 17—15 jSLill US j;llxv j< j^jjjl 

IjJj o»aJI j£ AjUu j,jfi lj 4*0 oLxJl siulS y US cili/»>Jlj 
Ijuk ji jjjJl »j_* JJ* *-J>jj LiJuaI : Ijjl £_*j . pjlJ ljJ#J ^iUJ sLUm} I' Lfili 
17 1G J-UI j-j jU—Jl ‘j-^ 1 j* J* US t JLxj ji fa Jl 
4-i>«SJl 4_k»j* oljjJl LI jLull j>J Jjii Ji_Li Ljivju OiSviJI <yu> olijjjSj^ll 
Ja> j-“ oll > i a l l 4f*iUll 4>j>jJl III. .1 W j . jjxJl Jj JuiL JfLij £»ju tfili 
ji ) CuUi-il jj ( 4il ji ) Ifil Jlii juJuiPj ‘ yisi ^UJ ( ^j^JI jl) DjjJl 

. iIi. X ujx L-ikl ^jLu .lllui uxw Lfllj . ( uiwuJ 

^uiXi Lfjljj jii i Jlx» ^3 OA*i>J Ijj ( iljUJI jljll J5 jl £y IjSjlj 
rjUl jl UbS-t^J . 17-14 JSmII jj US Jl»*)l oL>Jl LLtuiu olaj otyliu 

r J—111 wJl>J Lulu 4ju ujjiftj l_iLaJI oLuliaJ <JLJI JljbSl Ja> Ji£ Jjaj LuL^jll 

l-JmJI o Li Ijj JliLisi jl 17-14 JUI ^ Liul ^"ij . <U>jli yJLJl 

( > iLill CjLuLuJ 4j>jll Jli’il jA ) <u>jil oLbuill j4 <Ujjj JjwXj Jy _0 ^ 

dUl oLixjJI j_# dlifJ JilLj ju^JI Jj ^jJI 7*111 j* i_ij*Jb xtljZ 
jj US ji>jl)l j£j iljU OjU j* Ckj^ gay jitj . jldl Jl jjjl rjUl j* s_jjSJU 
| ^_>j ^Lc CiLbXuJl Ju>u I ihlll olyLw v—ujjS jlj 17-16 JS^ll 

. JjWI ju£ ^jUI vjlaill o’JiLul Cj>JLI Jljb'jl \Sy> oll»JJI ei* o-Jj 
4..|>..J| ji kitauLuJl L-jl b lt-i'jl <Ouu <ji oli»ui)l j4 8*jJl U Jj ^biii vjj-ij 
J_>L olbj^Jlj oljjJI JJ ojJj llxJI sis ji «:jp>^ Lu~oJI j. Sajj , 

. *JI Lf «juJ JjJl ijj»Jl ji ejjjl ji IjjWU JjAxi j'i ij> Cud Lfji ji i JjUII 
5 jU j_« U p..1 > .i Juc /i>il.ii* ji jSjji ^jJl ojaiil 4 i v .il. 1 I jIjL ,.<|-Vjj 
j-» <LJl> Ulw jj_S^ jij ifi U J^>j4 jl»U jl i t pJUJ j>ob ( J^>i Jj 

jlj jji>jill j,u ( *4 ji ) iyjuw <L>Uj^ oi>ji jii 1^4-Jj . . Jl^jl 

j-iL lju>j • jj->jl)l jJfi dxjjl Ki ^jLJJ jlj j/il <l>jdl dvkJI 4j>dl 
J»ji»> J_S jl Jxv^l. 17-17 JiuSJl ji jr~jy j» US i J-ojil J>b JUJl LU: 

<Ulj ( L_i>jil ~L--.ll ju£ ^j>l iy iijuj J-ujJJ L-JUI jJaJI jjf ^jlu JLkaJI 

•J^jll J>b JLv*D j»jk» Ji^j3 ^ 

i jj_>jili ^li 5j*>jil 4 jl>mJI j» Jii jjSi 4i vl ill <lvdli Jjlj«ll AdLauJL ul 
Jl>uLj L fJu u ji i JjUJl d -1 jji olixu jii JlvjJI Jsjk> JS jl» IjLfJj 
JLkaJI jl L»UJI oduJ'j . 17 16 JJJI ^>y y» L*S LJjUil «jUI 
cm jLS LISj . j-ydl ^jUJI JUd> J*l tyfc JjUJl J>Ij ^^Sll 
, jjkjliJl JIaaIIj j^liljJl JL>»*II j^< jjiJl jlj U1S . 1 1 i h i ' i.L * ji ojUI ^1p Jfdl 
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^ + 



1 + 
r + 



R- + 






-JU >-»>* 

:17—16 Jii 

'. ' ,1. '.I ’.v.- JLfcJl iWw] 

^ j < JjUllfi-Je 

lf_jp JJUD Ji»J J iM t/ 151 


K J>*JI culi ^ jo*® JM 3ii > JjUll iji 

: 17-16 JSJI JJ V s ^ 

; . 

JjWi y 

. <> ; L> <i-i o* 0® 6y *4 b J 3 U > b JL?JI ^ ^ 
1 £|jiJl ji &»1 . jljlt o iJ J>JI ***V ^ 17-1 ‘W 1 
•JI 1 ^1 *tf Uj. tojll JjL* <Jy o<IS ft ttlj ISUu W Jrt 
t_ko>t1j Jiskt'i aJ^ ojli ft . p**J‘»J>j ft o» ft*** ft 
10 Jl 2 o- cSJlJU ftpKft fU *Jt<j , fljill Jill *llli > M» 
i;ls ^ ui 4ft *i11 JjljJI 0* ( ft*U) Crfjltt ^ H Ui! * f*jH jhj 
^lUjttJjAc^alaWjA 

|jJi> 

A \ / 


: 17-1 JjJ» 
( 20‘C J* ) J>5 Cjji 



: 17-17 JU 
J_Lilt ft Jjbd lW**i ^ 

Jft j* 

ji iJl Jib JlaJl Jdij fti jJMll 

■ Mft 


JjljjJI otj^b 17-9 

yju- ^ Jjjtf 1 J>b >5 ^ 

Jib i^g t«&»4 DjS 6y ‘ 17" 18 j^ 1 J! ^ Ji *>* 
1 JjU. jS\ jJ** ji - £-*** J-* 5i -^ oliU ^ JjU 

. l*J JjljJI jk- jIa 5W 5^Jl AaW A*1 . ^ 

l\ <»j . , 9j_SJ| ^ i-l»jjl (jA-V L*l«< <^**-^1 A_*>JI *j*J 

•Jl> ft iftZ j4\ E = ( kqlr ») W^l >> Jj WI > ,J J#^ 1 Jl ^ ]l ^ 
>b JUJI J ji ; m ojlji. J*L« JM <> J J Wl ^ t'^ 

: o£i 
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(yj*Ut JipJI) jLt. «LJI J-oiJI 



Jju 


:17 18 JC 
Iju . jj\+j v J jit jilJ Li>kju • jS 
J J—iMi 

f d>> 


(Uisi^S) (17-10) 

. JjU J>lj SjJaAj LuIj <x>wJ jJ JL*JI *A Ijjkj 
J->b Uj*£ jJ r Lftjljii <il—u l»d U* ji j^l yyil 

Mfi 17-10 JjLib £)* ^*®9i **xlJb JLLI jl . J »Lfl U JjU 

‘ 9* yy ®7» j* ^ q j&Qi 

• y <?i jyj vw <?2 »j3jM c>!» >js«j 

F * k< fo* (^0^) (17-11) 

.ytfj j JjU J>b oiaij oU>y«! V-jJb ^6 jyli y> Ijjj 
oMp Lilli cbLi IjJ i oLl>««Jl j±j ^_U oj_1i jj^j JjUl ji «iu>j 
Ll JjJL * i y l "All t jbjjlj . O Li ill ^U J Lit'll I DJjii <U>y^uJl* ImLwSlII 
lij-Jj K = 81 *J «lil} . j>^ll L»j>I ^ (17-11) Lbbll y Ji*ii jy; b\yy, 
* Mi* j*j*Jl5 Jil—* y l+U »UI y Ij^JS Jil jj5J j&j^Sl jh »yJI jli 
jUjiJI cr jjlSJlj Na 4 f *j>JI U*li <1*J bt& K = 2.3 <Jj_t o*l* jUl 
^_j jjj ^ L i bi ,i, 'll Liu till y L^-o»i j* Lj^j ji jit* ‘ p^JyJl AyUI 
j-* -LJ*)' LlLi*j . ^jkL-u Mi jjjiuJl Ul NaCI s H*i dll uj* pi o») . u^jijl 
jjjlu cx-ilul) JyJI o^l) p_yb Ls> LW oLJjjj y <JjL1i Ljiyi 

■VjLjUI o^UUiJI y p-<l> 

J-jJ j-» j_Sj 1*5 lf»l Jl jit <UjU 5 jIi j>y UiLu oliiill ^Im* yl 
i li d" i« ..> j4 Lwl *jjj LJlj u.«i lfi5L oL j« ijjk jjjj 1j. 17-7 pwiUl y 

. Jail Aaj lijL L5 

< j_i__>.jJJI ^—U -c/ j +(j kill i> ' ilb j*->y)l Jjl^-L ULo£i 0->^u i.lil-u 
si-* o_»u Lull I Ouw y» Cy*e jlj i )*** >JU* (jl yjSiLj 

J->ji u^l LUj Vvih: = qlCv,u. y ji>yjl i^klyJI jl af>Ji Jjij . LjjtJl 
(j4>yjl »vLi ouuM y y>j * LLu u# j**JI M*j JjU o^jl 
jLxJij . jJjLlI jjj jjjlxII jot Jj>Z ji j5L 'll oL>LI jli JjLII Owy ^ 
jjj yLiu SjjJuy lj-J»j E s JS»ac IK ji (UK) jljiw j^ll yJLibl JJ j,j>y)l jjW 

jA>yjl j« j^jL! 

E V 

V=Ed=^-(l = -^- 
K K 

Lu jij iifjj. JjLJi JL>j| juU j^iu ^ ji>yui jJU b^ii *ixi)i j5Jj 
: j5ll jjSJ 4 juJI ji j^j»JI j;* Jj *1>J»II 







() r* £ UI J*^ 1 


(17-12) 


C = £ = 




V V IK ™ 


OJjjS Ql fr i- fl i « l. n l ' jjJl llLJI i ji>y)l ujj lji*j 

. Lf*& JjU i>y Ujj> cJy J53 <ix£ll !>* J^ll 
yj- jf,j»Jl jjJ ^LjL U wll Jv*)I OiU j-LiiJ < L j . ii ; <L*j JU*j 
ix-Jlj . JjLJL LfLu )*»JI sji jjo jIm p ^IjiJI ^5 <jj>yJl 
; K J)*Jl cwti j> xpJl CwLJil j*3U 0 # 


: 17-9J& 

j^_>y)l 20 cm 2 jh i>*»}ill tijb 3 * ^ j^LJI <>L* oilS 0] 

jljJU U . 120 V LaIIjJI t^jy V;ll^ 0 M 1 J*j 04 mm * iL “ 

? ^yii jj uSj—»3 jjii 

1 ^'.iU'.a JV.U...I 

f m oui« c yji <>Laj <yjyiij ^yji <**-!»«> : Jiy* 

ibUll) c»i>yjl Lj ji*J j&\ j* Lflfli; ^jJl <Oj j^yjl <>U : <U*Vl 
: u^iull |> jo>ju ^yjl <ixi oj* **-Jl *z£j* (17-9 

C -qlV 

? j(>yji w-^ (w) ■ k ^ Jl & ? t* ; 

ijjLu 6*>yil i*w Jj-* £+*i O' J! VjlM i> 

.LjUJI LUy) 
:** o«_Ji jIjL iJLliLJij JjJl 

c m (8.8GxlQ~ 12 C 2 /N.m 2 K20xl0" 4 m 2 ) 

(0.4xl(T 3 m) 

= 44.3 pF 

j» oi>^ JI Jr 1 * j 311 

\ q = VC = (120 VX44.3 x 10~ 12 F) = 5.32 x 10 -9 C 

4 , ; , yi n -l i oU»yi iLLii^l j* ii'lj 
: 17-10JL1* 

jti . »UI j} \jji fJ i^lLJl jt. %ei JjUI JUil J jo^ 1 W 11 if y 
? yull jljii L»J ? jiiji <jy> q iV iC ol^l 


-651- 










( “4* 11 ) r* £ L * JI J^ 1 


i jiitrt'ii JVJuju/I 

' ? LjLUl jz jLoij'ii jjjLi j> U : Jljw 

jj -J. MI ^jJI 4_i»*Ulj , CJjJjJ jjL-AI JL» JjA^ jj ^jlUl i)}M ' 
jl j_Sjuj if US OjjUIl *JjlLu H 4dU> . llj l i e (_LU> JJu-l j±»jUl ^Ic 

, [fx*«.» y* Jto jl J^ll Q jl iji . oloviJI j* Aijll ,_jl_ou 

V jt>jlll }**i UjlC C <4ujU kiiXkj IjU : Jlj«i 
Cdifj = K Cm : 

Y jj>jlll j# jL f i ^* 4 /J 4ja»o IjU ; JI/» 
■jiW J ( V*«J jf) A Af>J* 4/ u[> i <oM j : 

7 JW 

di*l K 


jj&w t_JljJI <li^JI o^yjjl jU Ijjj K - 81 jA till JjP Culi J d ,* V n(lh Jyjl 

Cdi.i = 81 CVat * (81X44.3 x 10‘ 12 F) = 3.59 nF 

Vdid- 12 U ° 1 V = 1.48 V 
01 

l— ^\ JI J*?l> jl IjjA . <1/J ^jiu jlj JjK 4-L>wJl jl Ojy9 jj ilLl 

jj_>yji j^j ^siyi ji»ji tUi kjiiii-ij, twii Jim jij j ji vc (=q) 

. <U m\ J 120/1 48 = 1 2 ljj> Uii 


17-11JU- 

Ajj.UajJI i jl_/Lil £l ‘111 ly«P 17 • 10 Jlxll ^ j^jjSjll jd>jiH yl j) 

V ^jlilll si» >_fl»a.7 jl jfu? <_jiAl . ji>yJU 

I y^lxL* JV Jtlu/I 

V tin'll LjUauJI Jj>« £i <U>jJl jJlu ji j£u Jj> ' Jl^ti 

.<JLduU oik LIU? oLxSil Ijjuai jjSj jl j5Ud VjUuJI jj. iju : 
v . <Lau OjlLuJI Jti Ujj> L»j>iv o>iyi t4*J/ll **j j* U : 
LiAjjLt ^ > 11 jj_i y i ti i jl JJ ji->jll oLi-xJl jjy IdjlUfll JlxU : 

. Vd«l = Vvaii = VkUwy : OjUsuJl Lkl/j lyL« 
V t«.jll 4 jXxj— i IjUj ; Jl^w 

jl^tll Lu»l> l^_)l jj . XpJl jjj jl ti>vlll jljii jp Ujuau <aJI jj 

:^1p (iy>l Oyi Ja>Uw lifjj i <i-»jifJI jUSlj 

Cdirl = K Cvue 
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( ) jt* £ UI J** 11 




120 V L,jUy)l y-* l*£ *UJI jlfi j* 3 ^ li^l' jIj*W jl > J*) 1 

: stop* L+aL, <l>teSJIj . 3.29 nF t+a> ji> jujl-jC l»i j*»jlll y* 

10“® FK120 V) 

= 4.31 x 10" 7 C 

L*j|jju i_f)Ul i_J4^ jl -i llj-Jj 4 5,32 aC oJli oLa'il 4- l x JJ l o' 

Sl.fif ollj 'i j^J' bjUaJl *kJj* jiyj jl 4.26 X VT C 


jjtjjJ! jkj JijjJI jifi Im 4JLwll oUjUI 17-10 


Lilix* oLyyju La* cLxill oliiSJL mj lui obulal)' j* j &$ ji 

.ol/yylll »j+j ULraJI IiK]I oUJl ^jLL Jyu jl j y~>\ 
JJLiJl jj £~i>y J_» L£ V LpiW^ <<jllw oliii* IftC Hjl (jib 
*UJI £** ft jJJ . JjlyJI J* ^ jU* I* li»J • ( ' ) 17-19 
^ ULmII 4_fj***JI ^yl£ jJI c DAf>yi IaJI^U >ijew )\ T 

1<0I* 

yjkjll <jjkll Jj J-u .ilL 1 a* < 1 * 1 * jLjJ! J! jl 

jli ; Jlllwj . ^*J| ^ * VS Will ^ b& «jl V* M 1 W 
. L_, ; IUJ JUI tijUl Ji* J+»3l j-i* IfJ j£ jlj *1 |W Jl JtSH $ 
:3JUI i^uUL jl jj[ 4 £>£«; 


, j^l yJu j^i jl jjK lijljlll jle ib** 1 ' olii£ll JS jtfi if*JI j] 

0^ Va^JS^j^Jljti 4 (1)17-19 Jiill yo^yiiUll^ 
StjllvJI i^Uy Abj a 
luJl UUj*» j* cili* JS jk»3) 


q, = C,V q 2 = C,V </ 3 -C 3 V 

^Jjj <JSJ! CLxill 1*1 q M = q x + q t + </ 3 . J* Jr* 11 £0' ^ ***% 

LMill $£t L$jJl JLlSlIj , cJL»SjLiL jSJj <i*A)l ^ j4\ 

: V UjIja* LUy ±* q M Uj'ji* ii*J j)*i« 17-19 Jiill ou»^l' 

c _^.!l^ = ^ + !2. + ^=C4A + c, 

V V V + V V 1 2 j 


C 3j C 2 0*11^1 VJlf JiiWj ^=Cj jl 4M> li» uuu 
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:17—19 Jti 


V 


V 



. V UjlJ*- <»UjS ^4 CJ J»>1 


j*-ii yuiU If**** u!j * iitii** 
. 34 ] ( ^ ) tiLLJl IaJIj . 4jh)jiH 
. iJjiitll lJjluiA jb 4£.)«>«!' 

j_I jijiti jJt il«ai*ll CAiiUfl (y) 

j—LLl» j jLuh uUiJI JL>1. iJLiij 
»3fJ ( 4_jl£)l | 4*dJl yjSL 



. 4 £ Ja±a!> 


C«,.C,*C 2 +C 3 

(H 


jk 4-Lull a Hill n jj*J Oullli oulill ojjk [-w ji ajLuLuj 


C«, = Ci + C3 + Cj +.+ C» (17-13) 


,> Jfi jlbyj . Lfjljti |> U* iLal olili* (y) 17-19 Jill I £-ej jj 
. kjvfjl «jbfi iSilili iJil 4*JI . JIjjJI jk fJ J<-»>*)l 

^jJJl jjli r-eu Jj> Lb V UjIjL ftjaly oli Ojlku jI* J Jroy le 
j_*/)ll ui^lj i i^O kj-»jil tJjJJl J^-> Cl uli»U j-^l 

j_4 V LJJyLlI lift j . ujJLJI y_ijlx!' if> ^ Jit Ca All 
i)ljjJill yL>yjl • l< JljJl jl* l*« ^J-ftill «^JI jtf -4*11 

^ic kii*Lli -g j +g oLlxill J*** L llftj . wjyjjlll jlf "fl J +<? oli>Ul 
Lk- ^ jSb ^ . (y) 17-19 JiiJI j ^yt US' oU&JJ Ulll gl/il 
ptpSl jJp L^L? iixi .i>y 6^ 1 k5* j* ^ ■k > '^ : 

Ly Uu oU£ Ci j-*il\ plllj Cl JLJUJ itJi\ c >Ulj. Uibll 

ji ii* • Ch^I &*Wdl i> ‘</-l' ^ Jliy • O^-"* ^ lj /“ 
lit ^_U_). ^lyJ^i ol* jxj o L~».il l kii>u jl j* <L#i j$*i U J^ 
: JlyJI jie Im <Laiil ottisil i^lliJl <Mm)I r^xi-u ji g^Lu 

JljjJl jJfi Uyull oUlSJI (> Vyj*4 OjUmj J-oIj Jli JJ Jx>^ 

i i%. * 1 1 ^ 

oUsJy U jtt jlj oUlSllj ID 4 i^jLuU oll*JJl ji kl *>) 

: iilll. ( j+> jjji) 



; V llil Lyyil J! (U*3 0i> Jri kl,Slll oLjklyll jii Dll J» 



»J (jajV 4_}UyJl kill LjjlMI U-* Q ^mJI V*- l &w yt—£11 Jjiill Jlillj 
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(•***) A p 1 W* uM 1 

jl j*J V . V-qlCm 


V= 


X B 

c «, 


x + x 

c, C 2 


x 

C 3 


oUu&ll ,>♦ w jjut jit L^uJI UjWI o» q jljiil jLalS-l Ji*j 



j_» Ij-ftj . C«q ^ J-A*o J>> tj**Jl ^ fj J & 3 1 £*** **i) 

Vb-ll j*u jl*>l Jj Ujij. yL*ll i> ^i)l li* j jfiil Jp-jH 

: JljUIJ* J^jlll V\»j 

. Jljiil jit Uj <Lalil 4tj«j»Jl j Sjjiill oliiSil & i$i (> /*• C«j Cy£ oij 


17-4 j>&>y J& 

i. ., , l i ^>|, Cj = 6nF j Ca = 4nF j Ci = 3nF oU& duJ 0* y*j& 
Jlyll Jfi <y) j jljiil J» { I ) oUlill ti* cl*) lj| iiilSil 

: ij* *4- ^jljiJl jit iLswlI u! : ^jtiii* JViU 

Cpnr ■ Cl + C 2 + Co = 3 nF + 4 nF + 6n = 13 nF 

; oOjliil £**J Jyj Jljiil jit U 

J_ t X + .X + J_ 

C m 3nF 4nF 6aF 

i %a 12 nF j*j lijii* UUu J>ji 

1 4+3+2 __9_ 

C m ~ 12nF 12nF 

: jljiil lift yij y** OJ kk'i 
CV=XX = 1.33 nF 

. ■ (1.33 < 2) ji ojjii* i*i jiJ >-»i <** oi *J 


j_pa« Ju£# J WlWI 17-11 

JJ>! jS li* U*i> JjW !>ij . «Wj* *404$ {f) ^ oy^ 1 '-^ l bp*. 

. ^i ^jjji jj ifjissi ji« iSj> iilt 14*»jl j»i <> o4> V-& 

jjwji oU jjj Ojxiii jsai y ami jtf* J* J 

, ji»jl)l JJ il>«2JI Jj«*ji) *14 ^ 
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j*-" J-** 1 * j*A 

ir i> j—*-■>; m uiit ( jjuji ) 
. Jay It UfJai# ( U*j«d ) uiii*jl 


( 0f»Jl)ji6 tf UI>i]| 

o_«J jj q 4*lfi)l <lxJI Lf«3 jfij yjl .ill; L^i <>»*iJ! Li*£ J] yiL, 
iA fJ *-jIjJI 0*>yJl J! I+Jb^y f 5 Ag <> 3 jiM »lyl <jjji yp 

yjj Ag <> JjSl 4 a3jJI J^3 IjJj jii |>»>^iJl y ApJJ jy Jii» 

jt-£ AqlC okly j^_iiJ ijjsu LfJp JAA Jiy J{ ^U>a JJUJI Ay L»i . 

Jy j^' JiiJl ,> jjjil t . il kri .* Ag ,y LJLuil oUijJi jli Ijl»j. jj>yji 

(1m *-^>> 7-U>v3j . . j^>jil! jIp oIjl>JI p£fy ckjjj 6jL jJI y1>L 

( ^ h! _».^U! ^i_c yi+Jl Af»Jl jy y V klu> i AgV Djlji* Jii J[ A? 
a_»^*!I j^_>j y LfJLSl <i>viJI &l£j Jjjull ySJI J*AJI j*£j li*j . Liu 
j-» <k~yll uill ejj»*. ^_xA)l oLp wbL» (if>JI jy ) ctkiyil ik*yli 
y ijli* y IjjiiJl olLJi |J <yj t -V 

V 

lev 2 = 85 (17-15) 

. C*qlV lull Luj^uJ «1j^> 

17-12 

v ^CV 2 y y lljSAil <iLLJl y ^Ul yAll y Liy jil 

jjp £* <jl j* jlPjJI ypj . C <!*_■ jil! ijliil jjlp Otiiyi ^DyJI y V ^ia> 
liu>i outfUil y* 4>i 4 iSlkll «i* jyio jjlj uuS OJa JAJO jl J j^y jl 

fci ^UJl yy£JI Jl^Jl y o'j&A illDi o* y 

oUxll ollaJI JJjIm ;>e _^_v j! jii jUiSl y oak 

4j_-u!L i_il yjj > '■£ lj_ft J_*i n/hLj'ij . ,^L>yjl ^JU E I JLxaJl <J^Jj 

J—cub yJ* oLJI yt ii siu#> . V * Ed i jjj i^_>yjl lijiy* u u l* lJ 

: *r+j)j lijly y Ijjixl! lilLJI jli Ii* ypj 

icfiV = I CV 2 = iiUJI 

2 2 

k C = 6o A/d yjjjiyll jj k-i ^ ll *«-« * (17-7) UjUII (y <il y 

jli Iij I *i • ,>>jJJI ji> ply JU» Ujup dJjj i r jl)l 1>L* y A kiu> 

. C -KCoAld ^*-«5 UjUII (}li K tjljuu Jy liuG jj Jjl^ illiu 
: JJ J-oj ulkll SJjLu y si* C ^ j>p ywyjJlj 
(|xeoS»)CAd) = i5yi 

y^oJl ; j_>T ^ - ulJ&Ii ^->y y (Ad) jljili ji J*»50 

Uulj yvjvJl yc LljbJl jAj» i«—i J-irf . iLli y/#d)l JL^JI 4J ^iJI 








(^) r* ft Ul 

LijU* l*ii Jjrf]3 jiJI iilUl ji t p*»ll '»■») j ^ JO* J* 

: E y L#j Jl*JI ij£i yJl ^ o* 5i> J 
(i Kofi*) - ^1 3 a>j ji <5UJl = SilWl *»l£ (17-16) 

JUJI iii £JjJ £t yu»liS3 JUAJl Ch #A>J lil^' ji 

JJ oLLJl ■ ■ -‘‘‘‘ L*Jc 17-16 UjIaII ^j>JuJ jl SjLp k_i—illli j-«j 

; ljL> L*l> UbJ IjuJJI* Oliiil fJ J* j«mI 1 j< (> I • J>)£ 

i,u ji Ujfc v* 3 ^ ^ ^ ^! ^! 

fliuJI jb»i 

Ijjl* jj£ (ji ^ J-a*)' )j* j^ * 1 

iyll ( J ) t j^JI ^jU f> *>j jLJj -4*11 iSjU ^ (-*) ‘ •=¥> (V) ‘ <W j> < ' ) ^ J 1 

c jljUJ! (1) , taJI ( t ) . JLtfll (3 ) * JJUI 4*)l (} ) * cjy 0^1 (-*) ‘ (mfi Vrf* 1 

Jjljjjl Jljill J**yJI { J ) t yUll J ) C JjUJl ( ^ ) 

. ( y-SJl ji ) i5>Sl J! ttu j* <J J*> J Jjjfll Jiill jl- 3 ^ UAf 4* 11 i> ij' 2 

. Jjyu pkuj jtjiS JU* If; X?y, U1»m J jiilaii i5> OH 4*) 1 & V-* 3 Cl’ 2 

iU.-.. JlxJl l»jk>j Af>J' oLyLi» UUJ yt 4 

. ikuu) »Ji>- J3lj* j3 W = qVxfl «ftUJI p-** 3-3 ji 5 

o- SM Jyo iij. Jjj~ H* jji j ii*^ 1 |*-*» OJJ^ Sll > ,l ji >« 1^-i ji 6 

, J^Jl JJ cjy yjj*il^l olj>j 

. Uull JL" Jiyfu )JJ>4 iJsii oU»J »JP jP ^Alill i U SUl ji jlWl ^ V*-* 3 J 7 

Uj-JljljJu U! OufUi^Jj , JfJjJU C#u J3li* VH 8 

jljxLl A»J ji jl i^lA'llI 

■ C t V , 9 £« AujS ?w«ll jto jij UjU 4)jMi i/j * Cwi'^ j*>y **- k r^ 3 ji 9 
. J> c^l> j >Jlj 5j^ Jjp C^l y IfJ Jj*ll jl JM O 1 j* V#- 51 pX ji 10 

Jj^yu Jup> Jji jl> u4« J ^J 1 ^ 1 ^ ^ 11 

. Jujij v Sitjyj^ t uji ^ip Jji^Ji jj' 1 3 v - * 3 j* i 2 

. Jlydl Je <Lai* J^>i_j (ijlyll jlp <1*^ ^0>&1 Sr 1 *** 3 ji 13 

. JUsi J ii>S j «W> v-* 3 ji 14 

jA>J* 

: <Lulj^j ojI^jj <uJ 1» olo>j 

1 volt (V) = 1J/C 
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() jip £fUI >ill 


(eVJiilWIoiyoj^Sjyii^j 


leV= 1.6x 10 ,9 J 


(F) 4aJI »j>j 


1 farad (F)«1C/V 

: 4j~>U jjlwj olLjju 

^L- Jt, Li^Ju L>y aIaJ £*) oll» jjiJI d J*B } A jju ( UJyil ) ^^1 j**]! j j^JI 


aV=Vab =Vfl -V A = . PEa ' PE ^ 


: 

hJ»L^ f* cm IS Jly* If* *iLb ^uUJ jM j**JI jy 1 

Vab - FA 


, K jUuI jU <Llii B j A jm uLJi ^ d vi>*> 

: volt/meter p JlxJJ ULull SI Sjaj 3 
1N/C = 1 V/m 


* Isi—w » Lfj[* <JLJl oLLhJJl Li . ApJl <- Ai»L I Jl j^»JI iujjt <ikL ji 5^> ilxL «JLLJ » 4 
. 3^>Jl oLxJI i Oli jji>-u j^jlJLJl Liii . ^lcl Uaf» jtlL JJ if>J! AJLii* jtll* jt 
. y Vab bjIjJu jLf>JJ jjj J^> q iixL w^lkLI JaJI jfc 5 
W = APE = 9 Vab 


, VaH J (/ jj J£) AApwJl oljLl'jll CiLtjj I jl W AuilJ 4 a>AaII OjLi'L I 

v» Jj ji 8 JjIajji oi# i^jvJI oLjLjui d^yjt oLjLlu >) >11 <CulDl lull! ob — L-.*ill ji JjjJ*jJ| jAmJ 6 

^^11 Ji ^ 1 £• 

. li-' ! JjjiaJI Cj> J j^jkII OiLuli j^£j LL ^i»y 7 

. Cjj£ jl oiuu oLmJ jJLWI j^>Ji 


LjLl>l 'jji IjLe Lpi i^yJI j^L ULL llMI jjSaj 
V = 0 LaiLi ^i!l LLull jLjpl j^L ( <oLLJl oLLxjJl dJj ^3 Lu ) JjLiII oil oli> jll u-JLj 
. O^UJL Q <i*bJl oIa Jii jikll ofjyJI jLu fj jij > Lu^L r = “ 


V(r) = — 


Q 

47c€ 0 r 


: 

, ?j«iLu JJaJ <LUw jb JilSil JSL»j jbul oJa£l I1J 1 
, 3^u5 ( 0t> Jjj) UJjj |bly j» ji iji£ oL«S jlji>l jjj'b iljSl ji J] Aa-JJ u^iJl 2 
olixLlI Lujj ijiLa olu£ jj>j »j jmS ip. jy JJ joLuli An-iii d^LLJI ^jaJI Li 






() jit gUI J^iil 

Ijjk Mj , li^Li oliliil jlSl pd <iLu A LfM JS ^k- <>Lu > ,>ujljlll j3 JJSil ^ 3 

c ^i 

C = 4n^r ; jttR U,U *J}Aij 5ji M up 

JjljjJI 

, 4jl5u)> olkil— I l-u-u t 0# ‘jj «-<& on ju£ i Jjl^P jU-JI 4 o5L»yi jt 

cJl jsJ*i $1 JjWI ^LIjj Jj)l JjJIj . JljiUI J M jSlI 'Ml o* W M ^ J*i> lift P liiy 

: Ii)UL Jjvj JjWI dJjJ K J}*)l oX jUm Jl*Jl 

z t'yyJM 
J\UJl J JUJI 

^ : \S*> 

. jL>iyi (> j^i f iijL* k m i 

. JjaII cull) jiii Ci »jU Lfj jjS* Si~H ^ M 2 

jl kIK Ulwuwl lj| jluftll j Ml 6^ je»JI ^ Jill J;Wl M** 11 c/kUll JS J 3 

J.Lu* jljjJ l*Jli C Li c 1 IK ojlji* JiH U JjU ji *Ui»4 £ j V j ^ UjT i^ill gltill cMto 4 

£ OjljJu 

: ^jiyJl Jfi Mil oUiSLU j» n jj« 1 iiilSil M* Ml up 

C t u - Ci 4 Ct + C.i + — . + Cn 

j* Jl^l ^ Hail! oliiill <> n jm) iislill Mil <a-J! Ul 



: i*\> 

) MM Mi J& JS J*jyj 4 6 * if*Jl y-iJ Jjl^l ^ Mi «>♦*. j Jl£i JS 1 

, ( C *juJi jjj l» j i ^ IfJ ojl5 Ijj 

CU li lj| ) <-}»> ^ ^ Ofi- Jjj M JSI o^j • Mill (jij JljlH jl* Ji-jSlI J* ^ j*** 2 

, ( C HJI jJi> l^J 

jm\ lf\jf.)\ ^ ^ ifi jLli-'Sl (> ^J5j , Ci«r jIm’? ^ J- 9 * 5 O' JIjpM J* yL> j-* 3 

. jjyul! oUii&ll M Jit > 
jJ iijikll 4iUJI 

jh q Ujljii Mi Ji>ij C 4iw vjii* ji iijikll iilkll 

i 7 2 

icV 2 - iflV = -M - iilUl 
2 2 C 
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( jjjfi Jt ) jio ^Ul Joull 


jijiS ju» j oikii oitt 

: <utoUI^ E Jl>sJI oj-i jjSj ULuf UxjJjIIj (pj>>JI 3 jl>_j J ollsJl ^l) oLWI oUS Jut 
jK^E 2 - olkll ttlSS 

|k>>Jl k*3 yJi 3 jUU JjaJI o^U y> K Oj> 

i**1 1 < < p v i j 


j j_>J j_i ■t_u> y jLu>i <. i>.tf Jx> ji Jxj S±u j) <11 DjjjniJly 11* J-® . jjj- D j A ijlJajjJl 1 

. r_/i* ? fl J! ^ <lauJl o* aU^I J*> J 3j* *i' y'y jl *31 J** J*j ? tij*^l J! j j'^ii ll 

. ry I V Apjl lijLw Lxu-J *L'Jlw jt j£j^ J* 2 
J_» IjJLu j^jL&uj jIjjUI ,y jrflyLl* jjjjsil oLlI duall lc jlkll jy»Jl jjia 3 

. rpi* V ojjt JI LLfJ^Ul <J}1» y>j* jUi»l <i»*i Jil ale Jii <j J lu ^ li^lj IjLj a»7 jl Hu 
JlxJl ji l>luili . 11 ,;*> ; 'l~ .j t jS J| 1 Cj>j H >l| ijjLlJ p~*> jjJAJ U jji jv* oiftj j! <iui> j4 Dljj 131 4 

. jLo pi {j4 <uki J>Ij 

y~o j* illi* JL»JI jl ailj J** J^J c I jiui li <H J Jilxll af>JI jlS j) 5 
? d,D LfJ jlkll Of>Jl i jfi> <aLuu» J ^vfSJi JLx*Jl j* ljU 6 
L^t 11* J_»j . i^bL-Jj^S Jjj-k CA»J y*il lc jj& ( Ji~ ) <ijii ial £**> ji ^"| 7 
V 6j*i]l ji i “ iii l s jj ll-l JJ^I j» J*) ? ^yfci^ll jj ij>J J>lj 

tjlju jJ Jj'ij . i^AjJI 'jl+Jxiu jp Ij^y ^l>yjl yl>- ^ . <7 iul ii>-i <J>y jk J*y Oi>jM lij'j" 8 

f y!^ 0 * J 4 Jjlil Jliil ^o*j liUj y l.« *Jl »j* «llil a^Jl jy J*j ? I3U , yi 

V I^Lo j^SJl J>b jiLil x^Ji j^l J* ? 4i*dl »j* ^*3 j^l. +<j UjIjJu iixl plkuL ii^»a <>j li 9 

, -q Ujlal AixiJ <ullb ael ^ y> l»j ? IlIj J* pi 

,jjjt i>L ylLl^l J-O^p l yijJly IIoaII pL^-Sl jUaJ ipUJI y jjj» pOiJ-J L» \y£& 10 

1^3 lilij , lljUl »i* J-*e ijii £ji\ . ^>^11 JjLJL oIaj y^lLLI jlall pwajJI Jas^ Ul^ <. JU a+> jO«m 

V O Jail 'd I jjUl JJl IjUj ItS <-1 vfil Jil li^Jj U^jkll 90* 

‘ L . lilU 9j_! LtLuul pJ ybjSlII CM% jij . -2^1 j HJ ollxJ 0^}1* 0^ ^ 

? ^^1 ilLflll LfJ jfi H ifli yjdal« y^jSiJl Jjl** H*> ti|j ? illflll 

ijlj Ji o[-j oj> I> JUJl oalj Ijl II Juu li*j 30,000 V/cm ^ *I*J 3^1 ^#312 

044—4* 04-> OfOfJl jjj yLj>0 laJLII oj* pjlial . « J>j£ jla^jl * ^0> Alj JlL llej ; ►l^fJI JlU- jtil* 

aj* ji j^Sa ji Jmj yb u^Uj iU-i* im ijlj -i W 'yij jl ala*ll uiil^ll j*j . Sjlj^Jl ^x>a >iu> 

. li> lil> _y»JI 0pj 0i> OjLy JAAi ^jU 04 Ctfjjjl ji jjjjl UmA 3jlxa Ji 

. 50cm UjLi 3^ Jji Ifvij jS^ ilxiJl jlai# yu*»J JjLJI Jlj-JI ijjljJI ollUJI JI £*jl 13 
I JliJla j_* LuS 1 -Uj^jJj . ^IjfJl j* jl^all iMj^l pJ*L^ lyy y-j* 17-1 f J^l ^ 14 

JJI J-fli jijawOl j^j* ^ J+* Jji jJw ^ ‘ 3^ **!■*« j>^ ^ la> jia ilL al»i 

, li* ^ jjiy JLJI o. yjill# ^1 JUs-JI ui> l> J«JI J>j U**j JJI jl5 Ijli. y)Ul J>)L 
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( J+*)l) J«i)l 

, (12 jjj JijJi > 1 ) ^ jW Oji> **-* dUl &* vA (lijuflffl ^^ ol j'r * liU 
f JL . iJL iJ^ jL» J oLm> 6-^ olij^ll f A V till, JJI6* i** ol^l JiiJj 
<.|j^JI ^ jUjJl illjl p li+J T liU ■ 4JU* V-/ 3 ) 4J * Cf^ 



JjL« 

17-4 Jj 17-1 fLiSH 

t ^1 J^i j 9.0 V l*jy ioM W UI aijW 6* +6.0/iC ^ aH ^ J ,j " U 1 

f yJUl J>ll J! ^ uijtll > IfJiil I^J 

L-x yUi jLci ? 3.o v wjy o,y -jui j>ii j «*jii J>n i> iy^l ^ J^ 1 > u 2 

jyj^ 

JUJIojlA ^ U (I). 1.5 v l^i LjlL y> 0.6 mm UjIA iiU Wi-fi ^ uW« W >j 3 

, ^jDl ^ uj^! W A «>» ^ ^ U M ^ ^ 

^ y U (i). 3000 V/m y 0.3 mm bjUu oL UfL.fi c*jl>U yL>* y*W ytf “■* ^ 4 

v 0 f>yjl £W W ow W A ¥' J ljL U (V) ■ W ^ ^ 
«‘24Vaf>Jlj>^L^>y^y- <> J0 J ^' JJ * ^ > U 5 

E 40 cm U ; IjL i*U WLj x jH 1 > B i A ± M 6a 

^UJi JL>Ji jK R ijvjl (1). y» A ilL)i yU fWi ^ > 60 V **l* ii>i 

. Jt\ Uj** yll ^ R UbJI yi y oUL*JI J*l (V). y* j* * Ml 

^i jy x*ji . 4000 V/m 4 j ILu jlij y*jll 2 jH 1 M JbsJl ‘ U * JI ^ U J* 7 * 

K ) ; (16,0,0) (v) * (0,0,8) (i) : yiU t*L l> J* W ( 1 , 7 . 1 ) ^ 

(-12,10,12) ( j > i (0,0, 10) 

1 250 N/C «XS ftai. ^ Jlw jWSJ, * ™ UjW. au oy w ^ ^ JjW 1 J^ 1 j'“ 1 ' 8 
, ^ .LA o*, MOO V/m Oi ^ ata y <*Mf L “ ^ ou« ^ 9 • 

uUI j I. (y). 7.2 Xl0*m/!j|^ r j'^» y> j,j^! iS^ 1 ^J 11 L (') • 

? d jiill oi* J5b- yj^^ WW 
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jjj+S JLx« jjb ^5 . 6.0 x 10 s m/s UjIjJu ifj-y * ; 3 > ^' J* 10 ■ 

ji pS (y) ¥ 3 m Ujloiu iil— Jiiy i)l u^JL ^ 1 l*r ; lji4 j*U(I).£t"&*0iR = -S00 V/m 

¥ itiill oi* Jl J^ul oy)Ji^ ciyi 

aLil j^i ¥ *-*11*131 jIA $» 1*. 60 V a**JJ jji J^> i> 0 yjji ^ H 

, Cu«uJb 

? 105 m/ s jj J_*j "is.^ jj ^jSJ| j» fyLit ji aJ jj IjJ aJ 5U S5>JI p-¥ J* i ^ 1 Jj* j ,ji * 14 12 
(g««2e *Si*J Ui m„ *4x 1.66x 10 27 kg ^ U3l US ) 

. 1.5 cm ^ c#>jlJI on aUl oil* lili . 25,000 V j*i 63 ^ J ^ o« ^ 4i> & 13 

? j#>yw OH ftaill JM3* !•» 

6 x 10 b m/s j* AfijJl cwtf Ijli . *3 j\y j>T ^j) 3*0 ^ ^ Cm u 3 j^! JJ 14 ■ 

Jjkj¥ C^^IJI OH j^‘ jjj 03 -^y 1 4x 10(1 3* Ir* 1 ** j ' 1531 ^ ^ ^ jlJij 

? JjSl H* o» ^ f i >i ** * jMI 

0* V »,U. j^jJJ Jjj JU» 0 ^ lili • }y ** l*j« J- «*r* bfijjt JJ 15 ■ 

. ^ 0 ! ? S H>* V**)'! “J* J“* l)"* J* j^l C^' ^ ^ ^ J lji< ? ^ ‘ ,:,4> ^ 1 

. *j&*ll oLl^l jLn! CU*» 

17-5 f-i)l 

S 0.2 keV *ii0» cjySfl| wj- j<aiu 3 * U (y) ? 2.4 keV <s»U) y l* (') 16 

V 5.0x 10 r ’ m/s U.biU l^liul «j-u ^j5UI ^Jl jji jlJ*< 1* 11 

LiLUl jliii L (I) . 7.2 MeV (q a = 2e a^j m a = 4x 1.66 x 10* 27 kg d£) Ull ^ iSj> 3U> 18 

^j> dW. lSj»i\ j-lfi i5ill J^JI jji u K) T 4Pj- j'*^ I 4 (v) t J 3^ ° la> X 

¥ aiui *i* Jl >i 

jjljJu Jili (g«=3 <r - 0 i >^3 m a * 6.94 x 1.66 x 10 ‘ 27 kg dtf) £«bll J% pAJ oy) 10 

t j^S'l ItjM jIjuu U ¥ cJy jjjjSJ'Jfl oljJk 3 i "<iU» W y l* • 7200 V 
¥ ^Sl tco ^ U . 2.0 x 10 ' 16 J Silfc OjL. ^i> 417 V ojliu jf*U jj* u 3 <i ^ 20 
jjljJu 63 ^-H o* -iUyS'l J^U* a>i j JJ ul» (j 21 

oUjJj^I U j> oll> jj> Uj ¥ cJy olj> 3^ ^ J ,ji * 3* ^ (') • 2S0 < 000 ^ 

¥ alijijjfjl jIjS* Li (-?•) ¥ Jys- 

LSj> olky v^jll ^Jll 3-»0 sJUl ^1 o» oyjy Jj* (t). 8° V Mjy* 0*>3* <j* •4>J | 22 " 

lij yL-Jl (V ) ¥ i^4* vr^ d ijJjo* 31 **> au » J ijL y • 100 eV u J ljL ^ lj5 ' 1 

, hJUl yJJ< 3»0 ylll i> Ji* 

? 100 V j**U J^> Uai* 60 /jC UjIjL 03 *^ p-* y 11 wl l* 1, J lji< ^ 23 

; Ijuu L 30 V ojIjJu j^aJJ £j 4.0 X10 6 m/s U^liu ujLr^l (^ 24 

¥ 03^)6 ojiJujJl 

jji jliJu L 4.0 x 10 7 m/H W' ^^u^6.0x 10 7 m/s UjlAojfjj # 1 25 1 
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>*)l _ 

? j*JJ| li» jic Ji> fryjyll ji f} 1 ^ a ^ 11 

2000 V j^jDI o## Af^JI jji £»lfj • Hr £>* & 4800 eV ^ ^ ^ ^ 26 

jbJu L* (-) t v ^ 1 y^*Sj>3&- uy i/ Mi jJJ' ( d > Oj^f) ^ J ljL U < 1 ) 

oil, j-Ju *J Uii p-*5 o-Jl, obL*JI oti HO * S>^ gW ^ OJ0*W ) <V ol1, 

( 2e ^yk t »^4JI Sly y»j i lili pH 

17-6 ^hJI 

J KJ J 4 »! r 76 « y SIjjJI ^Li lij Hjj il y J* 3.2 * 10 '“ m «u J«s ^ jIUl H 3 ' >» b 27 

(_ t j)|g ( cJy jjj^L ) «iSj> Silt <jj£- pfl SLiill ou ^ jltf Ufye il j|j • l)^ 1 j* 

? ilyll taw y-*i 

f -2.3 x 10* V Util 4b ^ **» 0^ -8f«C UjlA iUi o* US l* *P ^ iiL11 j* U 28 

. 0.51 x 10 ,ft m »>i J-w jIjl. J jy^ J*> J*V j ^ 29 

-5.0 mC oU+>}l jJ ibii ji* +6.0 H C UjIjI. *ixi : * jH 1 > ^ ^ ^ 30 
, x , -6 cm H ) } x = 12 cm (i) ji* ji >U o* ^1 jlUl H 3 ' */ • * ■ 180 *" 

Jjlxll j*_»JI U . 40 cm -uLi jy> iu 0 Sl otf> ^ -5.0 H C Ih JS ‘ <0^ oU> ^ fiJ M) 31 

• pp 1 A* ^ 

. Hp «IMI Jj>! ^ V 31 J^-* 31 y * L ‘ il -^1 22 
^ k 6.0 X10' 9 C U> j>i cuuijj , oiyi^l >i ^ +1 p -4.0 x 10-* C UjIju il*J ^ 33 . 

. I>0H^' ^IfJ^ 1 ^ 1 * s2 ' 4n ' 

Ujii. «jj r • ^ ^ ^ (0,1,0) ™ * 6 ; 0/lC UjlJij ^ ^ 34 

. (1.0,0) H) i ('3.0,0) (i) oie irflxAll tfU ^6 ^OJI jltll H 21 ^jl ( - 3 -°> 0) ^ ^^ C 
liii ±1» (t) jJkil jh 11 y* (* • 40cm UjbiiiR-»Wi-»sqi*4nCjgi=-BnC o'^ 1 351 
<t j .r.^+H (> JS <> 40 cm nu Jfi <US M ) on >-‘* ,jii4 J* & 
^ ^ ijSJI H lijpl % . 8.0 x 10 9 C UjIA yu«ii^j^30cmU>ia-S^ i/ 36 . 

V 4>L- Jlbll H 1 * J 1 ^ u)^ 

17-7 pill 

,bi. U . 9.0 V i* fe ohJI jj* 0!< 1-8 (< c UjUU JW, 5^4. ^ ^ ^ W. 37 

? JBSll JJ i- 

f 840 V #j IjL ih j> Hi 36 n F ^ J lji * U 38 

? iJI jbu b . 34.0118.0 ^ ^ ^ M.0 (I C jlJ^ Jii c iyi jl* ipll *? 39 1 

JS i»L» U . 0.4^C JiSll U- oils, 0.05 mm ^1 iSjlfii J &^ IM o 1 - 11 ft 40 

? uiy •!! 1 '-^ , 

Jl*JI jljju H U . 0.5 mm UjIjL uU Ufi-Uj 280 cm 2 i*>ji)l Jjiy* J^i t> yJ o 1 - 41 ■ 
+ 1.0 /i C Jlill IbO ijfi low; j* jtj&\ 

luJl OjSJ 4 *1/ ^3^3 £>Ul i>Lu Jtsia Ui“ ***> j*y b* 9 3^ 1 ^ ^ 42 






( 

Y m&*D <uU^I uJI Jj &jj jj*JI **-Jl 

, 360 cm 2 Uj u J_S culi jit . 0.06 mm U JjL <jLu l«j l.ni'j jl/Jjjj >. * u, >w j'AJLli jl>y k 2>^ 43a 
Ljjlkw J_juy Ljjp JuiiL Li>-iJI jtoJu U (y). ja>y)l on Qj j>j y ic^»Ji u- A»_ji (1) 

Y9.0V4;y 

18-9 j 17-8 oUmS)I 


K = 4.0 IfJy; cj^li 5 jUj j*»yjl j# jj*ll y« y (43) ^ij JJUll j (y) j (i) 44 

y_*j 20 nm < *>«.* '■ ■■ <| i jj t-Lifi JLt jib bj 12 fi C j ^jUI cvL^ jjSu jl y»o ^5 45 

• j^tiS' <f-Jb Jf = 8 jju^I Y u*^ly^* *i>y Cw 

^iy jjjl LobJl jljJu U . 3.0 x 10° V/m jt JbJI axl bj *lj+JI y 3jl j* >1 u>J 46 ■ 
£h Ji c>Lu Y SjljJJI ji J^ y>y jy ‘ljj» j>^ 30 pF *1*- ,j4>yjl 

, 30 cm 2 j*>yj! 

^x>ji j—ii»j Ubcj. Vo ajiji* jyxiJ jji jyb iiiip 28 nc Ujiji* <i>vi j»>^ ji>yn tijiyb yy* 47 ■ 

£wlJ y> Li Vo bp LiU jjJ Jl\ bt> j 48 nC £4? y» JbjJ ilxiJl jli i U JILu 0 *>jHI iw 

! JiLU J>JI 


V»_>JI Jjb Lbpj MjllJt jP J-aj y 120 V <i>y oil jy>JI jj yi Jl y*»yil Jjlj" y'j* bib 6*^ 48 ■ 
Y rl>yI Jj* owl) y> U . 30 V Jl iyk v^lbiil yt .yHl jj jli -^byi t> bl*J 6*>yjl on 

17-10 ^iSII 

b_Jl jt L (I) 9.0 V l^y ^jUy <Pj**JI oLj y t Jjiyll Ca = 12//Cj Ci = 6/iC . jlili» 49 
Y yJUSjl y« JS J iijiiJl iiOJl j* L (-») Y cwiSSJi y* JJ y* -y>JI jj y> l* (y) ? Siiliil 
* Lc^yj) Ll»l£ll k-JI ( i) . 9.0 V Ifj ^ g JljJJI > UaUl ilUl ^ jl^oll jUSSlI 50 

. J& J* {-*) ) JSS* Ji J#» Jj (V) 
jli b[ 4_£}*>JJ Liibll 4«JI i>y (i) Im Cs = 120 pF i Ci * 60 pF t Ci = 40 pF jk olili« c*Loj 51 
Y JlyJl ^yp Jj-»yOI yli OJ iiillll **JI ^ It (y) i i5jl)iJl jlp 
L»jup jjjup .>( »l> jj) Jiib J5 yU iixiJl o>ji , 9.0 V lyj 51 j obj 52 

• ^ (v)» j 1 ^ 1 y^ (i) J^ , > IJ, bp* 

^ Ip Lj>Jjl j^y 120 V lyji 40 pF 4k-. 0.5 /i C du Ulb Jl^il yp <La« a^b 53 ■ 

Y ijjO y£ JjlyJl yp >b) lj| jiiiill o» JS yp jlji* Uj . jaiiill (> Ji 

ullxt jjiaj <JUII oliiSll J j~ey jic Syjc J j r>> » ) l jb» <4^5 54 ■ 

6 pK Y p#»JI »j* j» bj Y16 n F ; 8 n F t 4 /i F 

8 pF Hh 8 pF ouJl (i) A*jl 17-2 p J-SJ5JI jj ibul< ^bl£j £jJ oL>j 55 ■ 


HI — *p< — lh 
HH 


. ty* If>J! jjjj JiiSJ Ji ^ ibbJl (y) j iPj^JJ iijlill 


12V 


17-2 r Jib 
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17-12 j 17-11 jU*i)l 

j 1 ^ U (y) ? JLiHl dUi L. (i) , 45// C UjIjJu 4k*i ojiiyj 120 V l«jy j^u Jii 56 

? ylil Lyjixj jill uUbjl 

CUP 3 J lij J-iil ^ iljlSJl i-iUsJl Jiili JjS . & Juj fj j^yjl tijljL Jii !>xi 57 

. 17-2 ^ Jiill J o-iijii olilill jt Ji <jjiill lily I A>ji 58 ■ 

jw jd>Jl jk 0,5 mm UjIjL iiLu '.y L» l i j 4 cm ! 0 * J£ i>La ^JLj yi>yJl Jjlji* Jtli 59 
Jill J<Lll 3 * U V oy»i Jj- 55UJI i> fS* JSSig 12 V l^i ’^IL k-j lili . ff = 8 l*Jy oji “wU* 

? wiiSlU <lai> SjjlkJl kiit luu ^ 3 fJlf j" jd*Jl jl «3 JjUJI J^jl 0 | iljiiJl iixiJI jljL V jA* 

4^UJ JiLi 

l»jlxi» uU Ufi-a*J j^ili ^ la*> ikJ^ +30 IlC kjluiu IkO J**i 5 ju Lp ijS oik 60 ■ 
? 5>£JI l-*i ‘ \jX* <jji iayJi ^ juiJl ^li 6000 V j*»yj| opJl jjj jfii Ujuf (I) . 40 cm 

? j*>yjl yki Lie lu*Jl ji ill I jljij l» (y) 
Uyy jkf*Jl jjij jxyK jjojlyu j+>y udd 0.0 cm UjIaL iiLu Joi; 61 ■■ 
j++ Jjj-JI Jj* (m = 2 x 10** u 1^ i l ls ) i jvLst i£ oikj i 8000 V 
Ujk jiyifi jj jjSJi dL*^ <j Uis H ^jjji ypji jii^j j+>yn 

• l fl { J* j 3 ^ 1 * ixiJI • tr'iy 1 j * 150 vj'j ^i 
itj—y 17 3 ^ J-JLUI jj ^ li .i l l yJJl Ch vjii 62 ■■ 
pMJl j+jJI jjJ jIjuu y> U , J5uJJl ji iJufll i<o = 4 x 10* m/s 
17-3 f jii v ^j| ^jj| ^ jk ^ 3 I j^yjl 

^ . 3000 V Od>>Ul on j«JI j> 6 ISj t i^ll Idjiyid 17-3 f JSJI J 6 #H jlLJI ylll <> Ojj^l Jj5 63 ■ 

C yil ojrHl ji y^M J*j • rft yj^i Hi <uk jl^ y ijjljuoHl ItjJl jljJu 33 ^ ji y>^ 

? UL fi L>m J 3 UI 

jlu j>l 3 *j ‘ 17-4 ji Jill I j J- 03 I 1 1 A ^JJl jt jjjjij Jli 64 ■ 
13 ^ yi ik C )B i A riyHl culSj. y« = 4.0 x 10 h m/s l^l^l ^<1 
JJS35 oLjJlSIHl oi LU> lojj . yjJjill jk -100 V , 0 V * -120 V 

^ 3—01 yjkJ j! IflfijM jljit o^H ^ r*yHl Jfi IjkIaIi Al-N 

. b = 10.0 cm 3 a = 8.0 cm jua I v ijJU C 

jljuu U . olylji>Hl J—si -dsi) ik 10.0 /i C Ujljii <utij <l»-l «ij 65 • 
Jj Llfj'liL j4 3.0 ju C UjIjiU y> 3 * *u>_i jly>H <li y^ikll J-iill 
^ x - 20,0 cm ^Jl 
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- 120 V ov -ion v 


a b 

17-4 f JSA 











(<*<*11) r* JJI 

q a = 20.0 /I C Jii 4_oui jc llyy +4.0 cm HiL* y jyJ\ Jtqi = 0.2 n C jlu»l iixi cuuij $6 ■■ 
OlS’j* jkJ i y jy^ti I jljultl jie 0.0 cm Old jlu>'il Uxi dj> J oLJIjl>^I Ju»i HLti i»A iiyy 
<-U £-»Jl i-iLU jjtisJl y U . -GjuJi lU! jt igjjll y Ijjajj x yjiji 9.0 cm oLi 

Sq\ jl^l 

J-k*u a^lll cwLSj . Ijuk Ijau5 LJjA jijt Jut is*> HkJ^ 3.0 cm UJaii Juftj iyc> yj*i OjS oiit 67 ■ 
¥ *j^*Jl jLjjyi 0jS)l jii ^jujSxII JyjJl jji U . -6 X 10 H C Ujljuu iu»c 
‘ 3 // F (t_i) i 12 n F ( 1 ) j* aJSJI ac ,jjSj ^ 3juF l+u JS Lc olli! LyJ J*>oj3 Jj 68 » 

?1.5/iF ( j ) 1 1.2 jiF (-iy) 

jj-t ljliSu/ J-»jjj A^jllauJI j_t Jell J_u9 1 12V Lp^s LjLLuj m -'y- ill1.0 n F Du .-1 J*^. 69 ■ 

V U+J J1 j*e j^jyJi jljju Uj ¥ jlilll j* JS jit jijuu U . 3.0 n F Lucj jy*+* 
oJL5 Ijjj , <-uj+iJl <_««ijulL yljU kiilx^l fry 4. L>y (^u iiUI yjLuu ju»yjl jjl^ii J^ « 70 ■ 
JlSSuIi j_»c jjj . 36 pF 4juJI ^sj £ ^>yi jjl Ljutj 40 pF jil LicJl jli A Aiyi 3^>JUI 

jjj B JJ ^0^ jJu) Lr^UbuJl citjJ |J . A v^yi ^ n>DI cl Li' LjLc 9.0 V l^j j ijjUu <kJ^ 
jjJ jljii U (y) ¥ A £a»yi ^ JpviJI jjSi liJut Jill <j>Jjl jltii Li ( ! ) , 4*U Au>cJl j,yoj jl 
3j -»*|I oiii Lilt ilUiul iilkll ^ Jtiui\ jljii Li (-*)¥ B j* 3^*iJl jj£j l»Ju£ Jill jfA 
J_illl jjjJ <lLui Liu jjJI JaJI jj u>ll y L ( j ) ¥ B ^_iJi J| A <> 

¥ B o^jfiJl £-ij Jj A 5^>ill ^-9j j> 

B ocKtli JJ A s*xiJi jj Jill ju«j iLui J] <1 nil OjUnJl cly y 70 HILll ufi 71 m 
dk>-i J * * ij m jA JjjIJI BjS <JjS cllij JauI JJ ^j+5 JL>m l+y *sy Juu y> frli L LI Jjjl 72 ■> 
. a^uLa Lljj olj oljlyul dijjL» jjt jj y u>ji , q Ujljiu 

Li 1> 17-5 ^ JiLlL Ou^yll 4_c^*>JJ A—LalSLl 1 aJI u>y 73 h 
S rlill I yuikj 


17—5 |> Jlu 

, S ^Luif jit uit 17-5 ^ Jli!L Lk-oLl Lc^*>uU HlilUl Aa-Jl j>jI 74 ■■ 
JJ 1|0 Ij.ojl dJj* 100 V DjIjai Jy> jjj Jl> jljiil Ja 6 H F Luc 4 H F Luc l*»J>i jlilii jxi 75 ■■ 
cJlji >>5u ccvyi u»j>S y>yi uiyaii j-^j i^ityi <> ui jj • ^ »j> jic 

• t> J^ jit iALfjJl 4u>«i)l (y) t juillll ji J5^uf J+>Jl ( i ) j>ji , >5u yiUl ^UL U»J>S 

, Jj y Uyu J£ j>A jyxll jji jAilll J-«i j*j : ^wi» 

. jiS’l Jlill yJLJl rjUL jiilsjl o.'i L_i>yi rUJI Ji-°y It (jlj 75 HlLull it I 76 ■ 
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<iSLJI olixJl yiUI L-jJ 

••■ '■*•* JiC f L v^iU 4 *Il*aJ^ oUfJwJl ^am jl 
:AJpviJlj. 4-^jfS ciljLw (5^>l 5jU»i jl i 
_jju ^1 jt . Ml* i J>x oWL J^l> AiJaill 

_u^ *yall ^Ldl j . gljjjJI J! 

I ^_ijl^ll r l_iiu j-fSj LjIej j} olxAviJI j*y> 

V_> oLixi gS J-*aII jj Ijuw *Jl» 

jj oibJl tj^Sl ^iu b* J*) • 

^L> L^Ujj <Jy> oUjOJI J4J05 i U^ljJ tij-w ijjJl («) WjXll jtfill* JmI Jjlill jij 

■ ■■»■ > (dc) -*H jLuJl jJIjj L)L> “ilji ix-u^l viiLUj cjI i>. M 1 LUjj Uil Vl i 

}» Jlii ( W*Jl Sj^woJI J ) jlJJ jill SjL-JIj . dLjJI g-i*3 J gjJ J^ 1 ^ Jj-J 

j^JumII jiljJ 


jH# IjbiJ! 18-1 

. jU)l I+Jp ^Ikr U*S olUiU UlliUi U*« 

jU J15 ^Jp jjUl y*j t oUxi <Jp ^ l}lp> M J >/*l 
J-* uxj^l •>*' j-i r ^-4 ) olj^l y tyxill *WI 
,j*yj\ i lil-ilji lu-JUj (oUjjliJ^I ,> oj> Jii! #1^1 »i* 

. 18-1 J&JI j> US gl J JJ J3li- <i>xlll oUi-^Jl j* i*j>i JjL 
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uLL>^ 


( j-iXJ—Jl jUJI y\y) ) jitl jolill J*i)l 



ji j^ll lS j—H* i oloJJl jj LojJ J)L> ijlil iuj>Jl oik JiLijj 

*-J 'yf-*) «**$ Li<JLL j Djfjju JLa/ 

:/>A 


:18—1 Jii 

i ^ JJUill uUkJS i> <4j* yii 
\ itii 6 j—t I jl_i . £ j_EI yi _X 

j—*j ji util) J2U j* Ag UjUL 
. Ag/A* oA >*l i# « A/ .;UL 


Lum Umu _v^ Ag Ujljio iixA Jj>j oj*ll jb A/ Ujliu iuiij i ii y 
L»^*Jl oi_k <L,l« x i jj_ll jLwilj I ( IIUJI oik ji g)Ul yi Jj>yi yiiJl5 ) 

: iiiie oA 


I-— 

M 


( 18 - 1 ) 


. Jiu'i i ^k-J 4*11 JSJ fojIjS y» j3JI jLD SI ola>jj 
. (C/s) SjjlJ JA) a>lj ^A - (A) j>iyi 


Li L*^jj j^SL / j Ag ji 5l£ jli . y>y lij*Jl ji ^iJl oliaJJl ojli Ij|j 
, UL* jySj I j Ag j_t 51S jb <JL> oiixi ji uUbi <tj»JI cJli Ijl 
. ^LUll 5 L-''^ jl jLJ liilit L oLil ji oJLJI j)xi v_uJI 

O^Ltfjll J_>lj Jj_Xu ^1 CiUxAJI jl CjuU 4 i kiu> <j!j k ylyJJU jjj 
j-» Li jJb . iJI—Jl *-i > . J l jJjj LI'sIjj jLJI Lyw jl jt}b i oUjAij j* 

jli jLjjjJl jib k A iXlill 0 *)bU Ojlil ijjAJ jl Jilj » kiiwjliil <U>LJl 

j-SL fJ <L x A)l obbLi oculs oJ y jl . CL>yl oiikvill <5_v> 

<JLJI 4i>iAJlj <u>^il >u»Jjl jiii jju JkilAjJl jS tiiljj uu^iull j a u m j fl^lj JUk 

. ^UU io^w 


_ A _ 

V+ +> ' 

l> V I y* ?.»_ 

:18-2 Jii 

A!—Jl yi jUll - Ji^vw j+b 
tJjP—t M ^ i> 

yi A Jl. yiOyklkM A 4 


J! ihL^I j* »jUl ^IjLO o-ilb LujviJl li* J>*> liU oji> Aj 
yJ A j_kP yljAj~u ^Li< J^L> ji Ag <jl>wJI jj Ijljii jl y 18-2 JAAJl 
; 18-1 aJjIaIL ^jju JJI jj jLJl jb k A/ ojlji* j*j 



< » > i ll 5-i j> oL>JI Uijii ; LJi jtitu jj>i >aj, 18-1 Jiill LA LLi 
. j^ui ^ Jjj ji Ium . v^yii 


18-1 j>L»yi Jii< 

oLjijil)il jjut L . 0.150 Ay* k_u>JJ ^LmJi <1wu jlull jlA 
‘‘ L>!JI LiUJi y L-a*) 1 Uiilll 

j>b lil i LliJI yi <Ll y£> Ojlll LkAJI jl jit y jLJI jl L «yikit JViLl 
jjjiSJj jj jl Ly yk)j. \&\j ja <L\ji J^> yi cixAii jt 0.150 c ji 
ji tjk>o oU_jail)ll jji j^ lj* Jbj , 1.6 x 10 -1 ® C Lkjloiu iixA Jijw 
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( yLill jLuJI jiljj ) ji*(■ J-aiH 





:18-3 Jii 

j jJi ^ >1>L^ SM 
t r«i ■* i ii /'j 



(v) 

:18-4 

, ijiijii yi rf> -i akJi 
a_. 0Lb-iD v^Ud j>a AiLi>3 jlLfij 

>jk j-iiii <> (v) *>iij • 

. (i) yi la^ 


. tSjjSflj 9.3 x IQ 17 = 


0.15 C 


: ts> 0.150 UjIjuu ilvi jjfi 
aUj^l 


1 . 60 x 10 G/ electron 
jjJI y» ttjjOil oli^AJl <> J-^ 1 lj* ol* '*-» J>- *-^3 

■ iMUiliSl 0I4II jjju< <4 jU- ji »jlil oljliiJI 


,«,« 4_U^p Sjjl J i&“2 


jSSl <JU ,y v l* iuj+S ijJlj <5Lo jlll yjl-Sl L»ljj ^3 ji Ji 
18-3 J ill'l l ’£**>$. ■ VW^ •’ll* ‘ J^Axll !_J* 

♦Lll oUyj* J! JJLuu ^jll LilUl a_x-94 ^yj . *11L CLu »»^Li 
Liyi lfi£ ^ *W U* ^ i »J 1 *y#^ ulo“*H J! W**^ 
jj^Jl 0- • »'-l | if* V^l ‘l>i 

0^1 j_» li-J J j-i* ‘ M-jjW oiill i> JJill J>- J 1 

i-j« *ui ** ^i> ^L>^i J^JL ji> i «- <4*t j« 
$i jS> ‘ jtav <*3 I *1 | f-j J !>j • *1^ 1> jJl^ 1 

L 3 y* ji) ^W" J! ^ 

ji i*oii ^ aiui >o. itL*. »m $ O^j • ^ 

yjl^> oils JI 4jO Jj>U 

jjSJLy OjUw J-aH ^up- UJU» ( I ) ^-4 Jlill £-*£) 

JS- 5 !! ,> jA jjl j*>Sl JUl oi Wj. *«P ,J j*-i u 

jju» iSy^i ■ j-* 3-jj3) ll> ijx* JiAl ^ 

tUl oUujjsj ^ <ji.i') ^1 juL-o jill *>>Jl oUjj&Tlfl j* JiU jl* 

Ikill cwli l£.j 18 3 JS-lll ,y iJjiyi y Jill 
jjjii LfJU^jj lilUL jj*il J>b Sj*Jl ollsOll J*j lijtWl j[* ; 3UJlf ‘111 
J^kll J>lj Jj Lfi-^U i^O i -*j1 jJi j* l5j— t* j 1 ^ 1 Cii ^ 

.i‘A. ,>_xi jit XiJiyi ,>1 iiJp <0^' !>' ^^1 J^ 1 j* 

JJjJ *Ujy pli Jaill j 5 ! ^ (>j 6y> <1111* i i/**i fl jfi ^ J* 

LyjLLJl J -L> UxiJl &r* Ol-* ‘ ^Ijl 1 UUJI tH Li “J - * W ^ 

. Ij*i-a j^Sy ijlUlj 

U>JJI jjXS L.iif ijljJ- U^JajaL lyjM ^)y iiU * JI f*"* ^ 


ilNill oLvj j<lSf jjl ^ w" 4 t> u^H ill-Jl jj-y jl Ji <> ^ u^i) * 
a«i»Jl LmS r iW-y jjjl Jj IfjWl ti» Dl<i 0*) . •jil-J' j* f^' P 

. J^ldLUy-WJIjO^'^ 





















lilDl. uijill olixUI ji j| L£Ljliil jji j^, 

£"* lfjbk*l aj£ 0,lj> Lilt J] Jjxli vii*> . Ljlill JJ LjltfJI j, 
~*ji-£ 4*jUil j-i iJjll! i>jl^*Jl <*5 oili J ol . <yuJlj , i»jUl( sjUI olji 
QfJ 'illl* 18-5 Jli)l r-ey.) ^Ujulll i>jjJ li>L .dUl jli Lf 
*-4^ r4*** *4^ j*- 1 " *i*>-Ji 4jlM {)£ ^u» 

j-< jituj L«jj# jiLa^'ill L»jj JI 5jaJ15 jjij .ilL j« j*) Il j . ,-,,1 1 
, i^UjjJi 1*^ jd\ yyi 


:1 K—5 jiu 

^>-ill jLi j—ji j. . <V- ijflj 
T <4*oJl l>4«. i i i jlilll ij j»]lj 

' ) if* «j_iljJI J-uiJ jOxi-.il Jak^ll (y) 18-4 Jiill ^iy, 

J-* ^ • fj4»* W ^ ■ Vjtti! ^ > <NJ piUJl AW >jll 

44* 4' ^ jJ>c J Ijjj <L*, ^yiOw j(j;ijilJl ^i ji^Vl JiL’ii 
. 4 j 4> «>1» J! 4ill* J^xu ^U> R ^jUIl J| V lyji Ljlk Ujjj? yjl olWl Juuj 
&* j4j— Oi—f J! jl ^-jiJi li* jjU; ji 

bj »Ltl L** (ji UJ.Ij j£ ( <*1115jlbJl ^ii , L^S ijilj J Lxill jbyj 
ji L*jj . j->^ll cij-Ul jj jijlL-/ i^jLu <*5 jli <xAll ^jo j>l jj cJL^j 
£ u* y jjj; IjJ ji ji pk ^ jj »UI jli < i*jL <y*Sl 

jdl« yyliSl» ^U; IjJb 5jj»JI ollxlll jli tUl oli,^ JLj LLj 
1 HjM ji> a>I J->b LxAll > I*# J jijc UjiP 3 , JiLSl jk } [ j-W* 
u ^->) jl-i^l jli lifJj , iJjWl (jijli jlj ^ l*J ibjLu <*^ jli 
. 18-4 JSJI j <«j*jll i^bll J jl£« JS j <Ju yt jji (<*lill j <i>J| 

^jl yjjlij <UjUll 18-3 

kii )L^> l»j^ ji L^l liii L . 18-8 J&JI ibyil ijllJl j^fl (^xkiL- 
i <JI1» yjjjj jJ lUj a Jj p j* <iiLUl ^ JLJl ^ <i)jA,j ^jJI <iUJi jti ^ 

f)U tllLJl tiy£j Jj-»i 5jL^ . dLJI j_» li* JMi Jiuu Ujjji oUxUI 
. p <JaiiJl oaic jyi ^jjJl ^^1 jif»Jl jiu itfi a <LiJl ji ji t af!»Jl i5jLl» 
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( y\y ) ji* 



:l«-6 Jbi 

J ^ f—aJl jlil— u 

, ULu cil 


jl* 'f jy ji 4Jui» J! J-ai p jij . n itiiJl o+» j-ii Jic b aLaJI JHUj 
. V ft iijlLJl j* if*JI jji ^ P p^' 
\ '.p a UmJI ylj i Ljliuli J«aU pU*D fl ji ’ft*) 

Jyoi J^-j pLill J^li- tft *j>y ii*-i oij . b 4>iiJI j* jl*l 
ftUfJl ^ p5 a»J . uAImII j^*J! J! jfc)ll Jf*JI i> i5>I *>0 • b J ! a (> 
i (jli iiebJi • b J ! n >> p ^ 1 

j^_>Jl jj JjJJI JJ It of->Jl iii vJjJJl o-» p^U J^> jLill 4^1 O^i 

^i'JuU jjjjLXkll 


^ plill V Jjlji* Af> o> I i\j.R tiijlbf wU fjlSl* 

: iftUJU J/! iijliil jli i l j4 jJ/ 



:lH-7 JiA 
jUfeV^rj 
4_*»ji uL-»yiJ if—ilb 4—Uull 


V=Hf ji K=^ (18-2) 

J_!>0 ^jjl ft . (fl) pi u>jll »i* y—ij I j^il JS) olji J* <*jlill ift) 
I (1787-1854) pi 0**- ^ Ji jl*»/ Jjl 18 2 ibUiU tic yJI Ljlill 
y 4-wiiii i ie<>«pl 

yji-5 ojJI £ji jl* . pi jyW ft* 1* 18-2 ibUil aji li» J* *4j 

ae« jlp V g» C-lii*/ w o£ jSW !>yti J 

p-jli jL jfwi» 4 <u«ji oUli* jm oUjiili si* Ji*j • h v pi a* 
au^jjojiiiiai^ • 18-7 jJusJi J a#iisliiS-^Vi* 
^4_jj / ^ V ^ jJc Uilj c tiU o—^1 i 18-2 UjIaIi Lfijw US' 4 jljll 

_jjg v j i on a*Ji wi ofy ■ W ^ #i * j* olj ) li11 

. 18-7 J£4» ^ CMH j* us 4 ifkiJI jIjII »i+J 


18-2 j>**y Jli» 

j^i jjj o^4 Ujic 0.160 A jjijii iji*j v^*- 5 *4^ 

V ^ -1 J| ^ 1*1 y U . 3.10 V Uy 


V - 3.10 Voi oLtlull a*j ; ilWl “j* ^ 18-6 J 5 ^ 1 =^J^' 
. 0.160 A ^ l*_M> / ; UJI o!> (<W J* 1 * “ JU11 ^ J*J ) fJ WI ^ 

; ^li v w/f pi tyilS fUSJJ-up 


R = 


V 3.10 V 
1 ' 0.160 A 


= 194 fl 


pi Ij'ii oy— oilS p^uSj Jii *WI ^J 1 ** O' H 1 ^ 
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( j4Jwll jtuJI yljJ ) j*li)1 JrfdJI 


r ---H 

(nr i 


:18-8 Jii 

*__1 jia If jk dlu Lajtla l,liJm 


A {*U-4tjL 


:18-ld»4 


20 U C j& VjU*» 

da m) 

SjUJI 

1.6x10“* 

uni 

1.7 x 10"* 

^LftyJI 

2.8x10'* 


5.6x10'* 

jfUJXalil 

10x10-* 


3.5 x 10'» 

o^jIyjJl 

1.5 

H 1 

26 

jj*jji 

10* -10'* 

S-uiiJl 

10 ,} 


10'* -10' 9 

jw~> Jy 11 


: 18 2 Jjto 

♦ j»>ll i>jJ t* Jjii J*Ua 


20°C Jk 

a(’C Jfl) 

SjUII 

0.0038 

UmJi 

0,0030 

u*i*jJl 

0.0040 

r p>l^ 

0.0045 

jfL*xiuJl 

0.0050 


-0.0005 


-0.05 


-0.07 

jpiUJi 


i>jj jU UjUitlj <LwjUII 18-4 

oUjli* 4-ilix* jl y j* iiy~x> IfiSjj J^ljll JSuJjlj jUX»J' olj jl 

*_x>JI J ^±i±> ilL iijlik* jj Jii <lajU* . 'Mia i j~j Ixi 'liL.J oJi>j 
. :jlaJJ <j3ljJI Ojlii* >5 jLa> If)Li j* <4»»j JJ 4>1 >j UJj JljJ» 
JiiJl Oui«j jjJLS A OiLli i>Lt*j L Jai) liU jihu-i lift JaaJj 

, A Ojlj lj| JJbj ; L <Jjl> Sjl^y jljjJ dLJt iaj'ju jl oiai. sjlftjj . 18-8 

* C)i ‘ ; * 3 pjl J*j 



^jUyJl vij_>Jl ) p y_wlii)l ouU UftjAAwl Ijj yu-UuJl i*}U SiljJ Uifcy 

: (*JD» 

P = /{A jl R = p| (18-3) 

. 5 jUl 4^*jli* p jJU jlky , silUl 3 jU jk LfUJ Jaualj jii , m i jft p kilj>jj 
. ijl «-fl jjij P jlj ^bJti Ijl> Aj*Jl ^jfiJI Jfajjjjl olj oM*>j»JJ <f*oJUj 
,>A_>0 Ojj-Siil pfUl jl Jx>"5l . <i>jj*jjl f*Sll 0**i 18-1 JjJ*) 1 £*Jjj 

jli ^L>jJlj .-»„i.xl Li jjixjj . olyliJI il!i£j ( oM-ojll jib ) JjlyJl 
*-£j> JJ JJp pJI ( VtllpJI 6-* U>£ (-* j-»J ) olijjSl j* JJs JJ£ 

jlj ljL> SjJ-jS jlpl «j_t jii tifjj , Sjlll jl* Xf> jy jku LaOP <i*Ajl 

, if If) 'i ouJ o)15 

ilftfy y i Ml* Jf)j i*jii*j . Sjlj^Jl i*>J jfLu y*ju 1* 5 jL» if*jU*j 

4>jJ j* OjljxJl i>jj Jjijj l*jk vjl»-ol Sp* j* jbji £»)** 

Lo*jUil p ^*_JI puJl jjSij . i>?Laf , 5ll <>y JJ 1*>L JfUl jiM ji JJ Sip I 

: SjIjaJI ol*jJ j* jj* ji i>;J ji _^«*)i ^ il*l*i* 

— sctAT (18-4) 

Po 

Lai . 20°C sjle j*) "oJy- l^-jJ jk i**jiill y* DjUII »jji j po jljillj 
SjUI £y j*1m ybj <L>jJ p <U»jlill jJ«J Jftlw a oulDI 
jj iJji«il olykiU kii Lxl>-» 18-2 pJj Jjjj>JI J ojjljll ifftiyDI 
jjk* LujU* jl j_a ^ij)l ^kj . <*»>p ijl^xll i>;j j* V/IL Sjl^l i+jJ 
omilyjdl if-Jly j-* jl Ji<0V 

, ( 18-2 JjO}JI ^i <JUI ojli^l b>1) oM^jll »lpi ^ 
ojUI jJkj JjLiui ^k okJ L dL <*jli* j|i * 18-3 UjUII j* £*!< USj 
LUjjj Jju- l»$ Sjljxll i>jj J* Ujjjj o*kJ jLu^I ai-ftj Lfi* ^ ^1 
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( jrfiJI jLJI y\y) jidJI 


Ljjj ii* J5I ojUOI j o£> •s^W* iH 1 

oljjjull oi-» 'i*Jj • 18-2 JjjjjJI *5Ul« 6* j 

ol \jjJb oJjji 13] I+JUa] - 5jU . J W J> Ijfc SO 1 ^ 1 

L*jj £j> R Lojliil jjk il luJL TIM o* y& a* p 0*) • 

; p «J '-Jjd Lull JJlX* ^jLii »jIja)I 

AR = Ro«AT (18-5) 

L*jj j-Ui jJ lil M-jJ g o 1 A*>j 

jlfcO ^ Lill» „.• oL-*u oL» 

L-Ji aLjIL oljjS* j3a ji j*w-uj . lybJt o3j> jb ‘l* - j*»U ol^jiS 
. j*l* J5ul; rtji Ljj ftjljP-Jl Xafji £« J*il J-l« ■»!>• <W* 

18-3 

^ L*i. 0.0331 cm* ^^aL-II olaiu *>l —- ^Lj j4« j<jl> o* ^ 
Y 40.0 m Lfjy> <u <ul»S ojli* 

j L:40.0m klu> R - p|^-| ii^UJl ^Jo ; J¥jCu»I 

p = 1.7 x 10 B ilm j A = 0.0331 xl0' 4 m 2 

Hll),!l^ 0 ^^ ; 0,20 fl 
U/ 0.0331xl0" 4 m 

Lijlil LiLut] of- j* )* b* ^ ^ $ 

. SjLJI »i* Jii 

: 18-1JU* 

Lai* 240 ft j» £/■" ‘ 5< ^1 ^4^* ^ 

i L ^.H iLf^iuJl Ojliil j>*i . ( 1800 n C |>j fit ) li )«l-fiui')'l Wj J J! 

. (20°C) ijyJI ijl^> i»;J 

.^ilaJUjVJLol 

Y i ; l^»Jl jfi g iijlill J jfiill Lw^O 3 j 5 ^ 1 j* : 

. (18-5) SJjUl W W 
ijljjJI ol>jjJ ^ J M 4SfU 18-2 Jji*)l J a ^ o% : JIJ- 
V-011 a LJ o>i ^L-i ‘ 20 C C «jlj> 4-1S 

Y 5jlj>il ol*jj & ijjil lifJ 
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( jiuLil jLiJI y\yi ) jiit jaUJI J*ill 



h 


:18 9 JU 

*)>*# u >> •>“ 

■tMJ 


4jK_>JI CiL>jjJ 'ijliLill a JjLulI x>y 'J ijic , «u> Jlj_« li» ; -Ul>yt 
jj y»> 4 J_Sui/ j*-*£ 'll Q ji Ijjuuu <-*J yl*> ys <Lu3 l> J£i <Aijjil 

. LfJ lJ Iw ^ JjbL> L*jjj Jam 
*>’ I $» iWi.nl jl 18-5 5 JjIa 1I A’ii 4 ja>jII Ojliill <A*j L ■ Jly 

LauJi <jLi 20*C jJ i£ jjJl lyJJ ^ a LuS ji ^Ijljl JLU ji &*» : ^l>y> 
. R<> •Uojfc^ll lajliLI L^_jj jt 20°C Jut R LjUjJJ <Jj| >»ll 
: Jt J«3L>j 18-5 iljUll ji ijjiyi paiJ( Jl»jj ji* riiiLJijJxli 
AT? = 240 i'2-flo^ffo (0,0045/°C) (1800°C - 20°C) = 8,0 Ro 

«o = 27fl ji 240 ft = 9.0 Ro r * ^ 


SjjiJI 18-5 

IjL^y OjLLJI jli t 18-9 J5LJI ^3 la£ t >«IL J“A> jLy ^jlLin jjjuj LiJj> 

. oLLJL f ym Jii 

J j-»ll j_4 4_ ' »«Ajl 4 _jAUI -ulWljJl <xil uj5 ll olol**jl jl* JaiJlij 

. y>jl! jjbJl jit tf»Jl Jj yll**!' i-jjkJl «it (jiiWiil j>j$\ 

jfil . A q uxAJI j-i y*S jLt 1U«i Jjy jl 4ijLkJI jit jli Ijj» ^ j£Jj 
X -H au^£JI a^jJI <iLL j ojlrfjil bjLu 
W = AEPE = A<f V 

4 At ill Jl a 4_Jailll ji R ^atill J5L» <uaJJI . ijjLLJl 4jUy jt V iuy> 
iilkll j_i Ojl-a 4_aS JJjj DjJy OjUsuJl Lf_j IfijJ jill iiUall JMj lfil» b 

■ rj^ 1 j ^o 1 ^ 1 

jl) i M OjIjL j»j Ji (pjlillj ) MjM' Jli> A q 4ixA o5j>j IjJ 

jt 5-2 <JjIaII y-> j^S: VjUuN lf*Lj ^Jl ijjiJI 

A qV . 

- 1 — m - b o 

^ J < yi-ll jjjJl 

j- 111 6>^ p- 3 u->) * 5 P lj J | J jW j^ 1 Jj- 

j* 1 jl*» jlj*J J*m ^ 

/V = SjjSJl (18-6) 

‘lly . V Ojlji. Jy»jj JM> Lxf Lyli t ^lill J^L> olixAil Jjy litj 
LijjJ jyh_ JLJLj . ^Ull J_>Ij Jjyiil ill SjjiJI La,*! UJwC 18-6 iijbdl jl) 
: R J^l> j*i I jU) u-ilb Jiil iJISlI <*51*11 

y^- - PR - N = pjlill >b ijyutll SjjiJI (18-7) 
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( jMWill jLill J*aII 


. V - IR ^liiu-zli &UJI sit olii ji«l du> 
oU-sji jMj 4aJIj J£J Jj> j ft ttjjiJl ii>) jl 5-2 p-iL'l y Ui«i aSj 
^Lu jLs Uij*j litf y 3a>yi aift yjiiJ jU UUj (W) otj 
■>Lli 60 W L»jIjL 3*Ltfj <J^a/ cu») Jjl jJi 'LpljjtSJI 5tltf]|l 
j_* 60 W ‘Nj* •“ 41 j.rt«lI ji lit ^aaj> “ 60 W, 120 V 11 UuLu o.i>y 
iyb^fiJl ftlijl! j . 120 V OjIjL ip- Lpif jJu Lt-iif ijoiJI 

Djxill jl O-pj . 120 V ojlxJu op Jutf ^ix U7 ^yJlj 1500 W Iple 
J_S 1500 J 3jlj> jjji» jSVill olio* yls i>jJ> 3i>j y Jjl*i J*i y 
. 120 V OjljJu ip jju L*-4«Jo jui ijjli 

oLLxt j_i i il~i > 11 4__J Vlll jjp>Sl J .U.lil 4_ij^UI * _<31UI jLiiuJj 

OjM* UUft jA 4 f >, l fUAi ll Lit j-eiiH jill JoJI ol^jjr UjiJi jill jJ till 
yjJl UIUI 5 jl>j J 5-2 f-ai in 3 ‘ (kWh) «L olj jLSJl 

3.6 x 10 s J yl£r kL Olj y^S jilj t irfiO^Jl jyUl 1+tJii-: 
i_/j_o J_oL» p 4_uj^)l oLkILcIL i oijJi jl 18-6 LIjUII L0 T~^y) 
Sj^ft*j 4 aL> U jLp <p-u (iUl jLull i)Lj lUj, iiiyjl y jh»H\ 

: Kl^i-Jl ftjjiillj JjjL^J' 


'4 


4 IjUj Lp 


, 100 W, 120 V oliljl jl ftfLe^l 


il ^Lptj 


100 w 

S 120V 


0.83 A 


120 »yjL ip jIp Ja^j (746 W) j\ (lhp) a>lj <)La* Cjii ^ill -iJj**ll 'J 
sJjit Ijl^J yix^ V 


> 746 W 
120 V 


= 6.2 A 


Pjp-Sl jtill 0*»i LliLill (> iijll fitj iJfij 

. 18-11 


18-4 

* 20 min y 40 W y^jt* *4-~ l*Jy ^yJ* Sjl^>JI Jju U 

i i« J V JlLuiI 

J5 5jiy^Ji ji 40 J jJy ilpJl ol* <>yi 3i>j y Jjiyi Jft^Ji y SjjiJi u' ^ 
. ^jU ijl^ 20 min y Jyu ll» . 44 IO 
478,000 J - (60 s/min) (20 min) (40 J/a) ■ ijJ>JI 
. 11,500 cal : Ol>VI ? joill IlfJ oIjaJI p5 : jijti 
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( jW-JI jLmJI Jrfliil 


: 18-2 JU 4 


i> ‘Ul 5jl^> i>jj £>j ^ oj^JU! ;> { 1.6 kg ) w/l^l '<u,LS jj-bj>2 J-u 

LJ 700W Ojji iULJ jjJl ij2Jl ji ^1 . 90“C >>0 J] 20°C 

ijy&* |k_S j 0,10 $ j>j i_ib^ 1 kWh jlS Ijjj dmJI jj.fit'll iipUl 4aiijll ijiill 
V lijjuJl iilbjl o!£ 

t ^Shill JV JLlu/I 

f <JLll Oi0J (]>ljll Li : Jl^iJ 

iilUl jIxjI jJ a jjLi d^JLII \lf-> (ji jiw 700 W j*jij ,j] : 

700 J/h Ja*w 

V Ji*)l Ijjk iipUl iilbJI jljJu l* : Jljw 

Djlj>Jl <*tS) OjljjJl l>jj jjtj) d -~s1t U^UJl j£jj : 4jL>VI 
. 11-1 

AT X c Lf illl bjlj*Jl X m 4ij5Jl - Q uoi 
. 1 kcal/kg. n C j* »LD v^l SjIyJlj 
? ( ) J J| kcal j« Ji^»jJl J * £ *i uu£ : Jljw 

. (11 J-buUI ) jilil' pifcU : 

1 kcal = 4184 J 


9 D^fiJI j+a>j jij ja>J DjUII jA L : Jl)w 

au 

: ijlj lifJj 4 -■ ojjiJl 

o»')\ 


opUl oUJi 


5 jji)l 




V 4aI5u)Ij ^1 j# iS^UJl jA Li : Jljw 


ibSl ijjj uij^i j ‘lilcj , «L oljjLSJl ^Li ^ic bjlc ojJI j[ ; <L/L>VI 
olj—>j jjl>J ^jS J ( oUUl ) J-iaj ijjjl ij_ijll ( j-3 (0.700 kW) 

. <UL oijjUJl 


i«j}UI 55HJI : SJu3li*)ij J?Jl 
(1.6 kg)(l kcal/kg. C n ) (70 C°) = 112 kcal 

,y!& jlaill Ijij 

(112 kcal) (4184 J/kcal) * 4.7 x 10 5 J 

jfit j*a* 2 JI (>j o|i 700 J/s Jl Jjju jlS Ijlj 

* a ° 671s = 11.2 min 
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(jJljj) ji* jsliJI Jujill 



: 1H—10 JS*i 
; J Jg, iJjJujjiS ikLji ixll fjdtjj 
i ■/1 +/i +/» 



: 18 — 11 JUi 
: JJHUili ixttl iLb 
It t h m It + Ik 


0.187 h lijLj L jl 

; lAlyLJl lilUl j« kWh oIjl>j jjlc v_tL> j* 'iji j/i UlSoJI yL»x!j 
0.13 kWh =» (0.187 h) (0.700 kW) = kWh *b»j at 
.cjmUyi j£> tf&il jl) kWh J33 0.10 $ UJSaJl cuts Ijp 


iJ^iu^AJ 4jaijJI BJ^li 8-6 

(jj—o jl o>LJJ j—i'i’ di_> . jjjLu dLw J jlil jljuJl j'il JL> Lull xJ 
oi j^jILj jluU rJ~o jill jLH JJ18-2 pJill y by* I j5j , jUl jJu 
, oljLjJl <ajuu jLu jj Jii Lp jiAj j) jiljill jl J# . <Lu^ill sJUL 
jxj Lwi LJ^U j-« jL*» ^1 :1 L .» jl L^l5 oLxLJI ajJxw 3Jb 18-10 JUl 

(;l•"* . ijJhijj . ij^iill S^tnJl jlljJ ji Ijuiiu u^i jiljjl siftj h i (1 juiii.1 

j-*_j L*Uj jLx>«u>lj Laj . Lj«x#l i j&-~v jiVU ^Ij&U 

, WJf* 11 

1 4 _L>jj ; 18-10 JUl a UttjJI jmpI i JjSl ojpUJI JL# J^ullj 

ojU oljLull tj_» jj_j kjyj . Is i It i Ii oljLaJl IfL rjio Liu 1 1 jlill 

jiu ^ ill Li j4 A>*i ^ i^xAll jl il>Lil ‘Lj jyl) 1.ilhn i*it> i Uu_u 

JLl,l>,i JJ cImjJI Jj J_>IJl jUullj . olfi Uaii L>i jlL# UjujJ 

Js J^lxj jl <Lull j* I»jlSj| oljLull Ji ilii jlj , i»lill iiiljLil 
: J* ll« j|J 18-10 JUl <Jl> Jj . Uaiill Jl J>UI JS)l j^JI jILu 

/ = /l +/2 + /3 

^i_Jj L—xiu y ihiilJI JlaAjwi jli j# jialSI jiJu L>u>j> J£u jl I Jolt li^J ifl) 
! jjL^3J 4jaiiJI SJ#15 ikUl 4Jk>)Ul 

LfcjliJI oljLuJl J^ iy*+* tSjl—*sj jij Ju'i ihii JJ ii>lill iJliljLuJI J3 ffctXi j] 

. iJaUJl LUi j» 

j yL, «lu> . JljjJl JJ>j jlL# iuaS'l j-i jj-d, »_uL> JL# UmJJI o##I3j 
. jyUU USLII oljLJI j^ J_S J ojil ciljLiJl pi ijjA* j* JlfJI JjfJl 
*-» • l?i ‘ ji jLL. L^i jJI JIjaII J1>o J JjS'l 3jk>Jlj 

LLkJJ Ji>j jl Q . iJIJI lahivi J J-tfuun JS J jLiLI jij J^JAii 
L»il# Uaii J-S jJL 4j#illl Sjtcli jwki j* jUl Ji> iiljLl]l sift j< J£J 
4_*ljl jLull 4l. -lilLj . £jil iftljl jl.A" ilaii 4 ''ill 18-11 JUl . jLwJl 
4_^ll LLUlj U + li = h f h jl <jm ihilll 3jixli jl) JU< J L3 
jij 4 L jj jLjft.jsf ji j-i »4 jjjl J» hii lo>lj IjU jl j ^'l 11 
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• 18—12 

j-i tel* j > y 

r 5 > 1 . 1)1 »i» 




(jV*lljlj 2 ll uW 

ji jjj. j±j 4—iS* J ji U «l*5' ji U[ 1 J/-j J ifl <^>*1' 

ji jsL* L« V* $ k J*^ 1 ■ >L ^ t ®^ 1 j**** °** 

. QL lij jjSs* jlrfsll JU >JI Cl* 

J^ujji) bjyjl 0J*l3 18-7 


j ji- j» 16 Sjlb (> Sjjii* »j f )*£>-> Jy£jt$) btfUJl ^ 
uijjiJl »1> jJj . #L*flll jj 1 jtMt jLu j* slii> i 18-12 JiiJl 

. SjilJI Jv> 4i»-SJl Jtol »lj! A^JI olj^AJ J1>J ji pki-l 5j5i-J» 
^_a> g j / ; d i b Dull J!)L> A(f 4i*l *Sj> jV*wj ' o jj* i-W*»J 
jui£ Ag^i Lkjljlu liUsJI j_« i_*3j *i»uiJl jilH iij>l *j* fl J! 

LI LtlL Jto |J . yu»jll <JjW* J] k_J^* uijWI j* 

j_<j Liit ulL Aik lf)l l»S . Bn j Rij Ri &jl>> 6* 

o Lunik j_j^ . *2 JS> ( v ' 0 ^ J! v *^ 1 ^ o *) ^ 

« 4_>lJujl iDu J! Jyu Lktf jlijlyi iSUaJI ^ Jiillj uj-^ 11 ji 4ilkll ‘li* 
LkviJl ji lit ^Luj . c*15 I jl*j- Jo* JA Jjl* 4 Wc) 

Ijlj-. 5 jjaJL L»jj^ j iilUl j-. UiL> ijljk j-i .* ji j* ji H 

? Jj-k; jj JI 3 Jyj ji ii^LU jj'lk C«i j* 



£^)l UlLJ UM Uji ojiljJI to Ji ji L^J jjS^. A<? iixiJl j[i ^ 
luJL jiji® if^JI j. bJ^ Ui Jfljl jW-^^ 

JI Jyj Llili 4 OjjljJI ^ i-LLJI o<ii jjf Wfulj ti\±j Ijli . Wi 4<ljy 4i«i) 
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M Uu. a to k — AV= - IR 
I It 

- *\AYvV— 

<i k 


( j«jLkil ^UDI y\y )) jie joliJI 

iubJi o3a .JjiwjiSJ oocli opJl <**i yil 

Uiii g jjfi i^l Jy ( J^JI Jjjj ) 4jkljiJl ol^Ai! bp jl 

. \'p> U ijilj j 


iuj\lu, atob » i!V= -f yuujl lifJj Of-*l! iLiloOlj oUliljl^ ilJl ilpj oj/Jl »J*B j}» ^ 

i' uilijj (P jt* l 4 -* 46 •‘pW b J* 

« ' h j! , 18-13 J-5Li3l p ^11 ^1211 J^l> j* b Jj a b» JyLU &' <>/»! 

_Uj ; Li ijUit JV> J 4 AJI JJ pj>\ op!' o* bib up jW »M 
aau. alob > bVa-qlC , C 

Lit v)L* cp\ fi t>j ‘ J P JI j* J* b J! fl O 4 j ^ 1 o£ 

« '' * j_» dj_>lJt .Li A^xll j^l yi lit . , fji tfli bp» W 0£* *J lj44 

:18—13 Jii 

jtumoAJUif^unui jiJSyi . -IRbp~b J! O 

ji, J*l! yaiiil !8_13 jiLili J Lj.O J^S'I O' > W>J Jj 0 

jr,>ji |j # j' ijUi jil J ^ju ' ^ 

Je2^>icf j*i«yifto* oi * jljuu#611*11 i#-» 0 -^ Mj 

. -$ ja opjl ji pi Ifx w y b J] a ,> *f^H 
' '.e 4_/l jl t y_>^ll j_k fl rj—111 ji d^ l l l <fuJV b 

j<25 j£ IjJ qlC 5; y> p 17-6 *1MI Jn J1S1I ^ JpJl jji O' 


: 18-3 Jj4 

J i ' ll «i l l jl)lll jUj 4 


ilLjUi-l 

Vs-IR 


V.ilR 



lailill i.j»II.JU._2 


-g 

V-*% 

i - J>x > (emf) yi. I 


- j>'i 

V = -% 

J! + 


OjU 

q ^ jULi _ 3 

V«-g/C 

+ c ^i>C > i-1 



V=+«j/C 

>C.C'V 


V 4 '- 

;-o 

^J 14 o.“»H jj o' y--^ 


jj-S^ ji juK lj-*i ji j-ivuWI jjj . -qlC y b J! a j# Jliii'lll iip o^JI 
jLuil ^-u Ji£Ili. JU1> ^ie op ■ U »j5b £jfe jbfc Uj) 
jj Ljiii ^ op 0 4 d* pi ^ 0 4 jjj 11 ; (*) j * 1 - 11 

jL: CJL bp 0 jg (> Ji J JpJ' j >*-* << /i 

Lj^^i jj^ jiJLJl j[j fl J! fe j-* JLili'iH jLS Ijl Ul . 6 JI fl o-i JLili^ll 
, oik li*jlju ya i iL 18- 3 l)jJl>JIj 

JI Jlill^l J_fi iWI PP >-V jj Sj^ 1 m*B 0^' fj* 4 -; 

, \jyo ai'il L^jUjL v 


18-14 JSAII J - 


18-5 jApJ 4 JI** 
^ISjJIJI ^jUljliDl^ji 


IjJj) . JSuUL jj-JI *UJlll p yi jLjiJl o' 0-^- 1 

p Oil l VP^ 1 0- 4 0t 1®“2 f—ill ji b/jJ 

P* J,j! J*5b jLjS'bJb IfJ bpr> 12 v L«sy jill OjLUl j^ 

^jaUu jU U *kM\ j>iSl P ji Jt i 3 V ^ p ijjlW' 0 4 
LJ LfJUi-l Jfi jjll uiUJl j—^' -P>i it o* J* j* 

, ijJUl Jj_> Lfja jJisiOj LjIju^ a JL <Liu 0^' fp* - ( JJ* ■*»* 
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( _j*lJI jLiil y)jj ) jit£ ^tt)1 J*i)l 


a-*h + 3V 
b->c -7(5 0) 
c^d -12V 
d^e OV 
c ->/ -/(6 ft) 

«- ij^UJ ( j> JS y ukull ijLi'jH p-pL ji \±> p^ll,» 
: ji^Jl ijjLu jii j/i tat xpJl ol^A*iJ £yj*JI uji 

3 - /(5 ft) 12 7(6 ft) = 0 


ji LJUl ijli'j/l UJjJj . 1 ---j^A J ^ / jP d>y <JjIa1I 3AA J_> jkj 
$ . -illj ji JUa ou^Jj . j Ubl> j(S jl^JI tLkjl Jj> liu.v; 


<t> 12V 

|l - 


3V"±" 



:18-14 JS*i 

. ij-lib aj_A j-l jUJl Jji- ip 

ui jp i+jp uu* jut i^vi ji 4)ij 


. Uuitxd ol>ji ~A 

1 * )' iP L£j>j Ijlj . j-^Lll ji j*j1 jLull jliio UJI j^ll yjl 
jit J^i>Jl ji 4iU*ll ol^jwJ! Oljlil jji <, j^UI tfy*Jl oL>J( y ijiljJl 
j-s pjLiiJ' JM> jLsfl f *.ij , ( 18-3 JjjaJI ji lb ojaUII) ^iSJuum ciLjWI 
<JU!l old LmJjIai j-*'"' -j V jajLw oLjI 
+3 + 7(5 ft) -12 + 7(6 ft) * 0 

jLJl oL>J'i s jLu>l Jjui L« . / = +^A yt j5ll HjUII oja J>j 

yL> j-> jji ji J-liu 5jj_«JI Jj_> LSAiLj jjjl jjjiJI J £t>V 

Oji>l Ijj. Obfc^l jJl> JLp J-wO* jl^lll oL*j")i jJwb . JipJl oljjAi 

jeji-ij ). *—<*£** jy£i-i J-*JI j-i ^jill ipt jb jLuJJ i p£j&\ »Lkj'il 

. jLf^Jl y ji>6 JSJ ouxJl Djli^ll Ojii-I ji ilLi JjJI ijuAu 

, -1-36 A ; Ol»Vl, 3 V IfJy ^yJl JujltuJl olkil o-A- y I ujs j>jl jijti 


18-3 JO- 

, 18-15 JSAJI ji SjJUll jj oljlrfdl JJdjI 

i jflhM JVJllu/I 
v l^>l}>| ^1)1 <1 a1JI oUjUII jja pS : Jlyj 
oLm^ j-t <iLijJ La jJ-L 4 lt~ii j 11 O^jLII j- JJ£ J] 0 -L>- Lulj iLj ! ijL>Vl 
Ijlp Lv L>tu ijjlJl jj ^liOl J5 jli <, <1UJI oja . i)Ul ji 
j_* ^-SLii o*)!jU» siMi JI -UjJj ■ *JSHl ^iVl ^ 3jUl oljLjJl 

. Ciljlull OJA ifcUM 

C iLuJll ojaIi {j* LfxLc J-o>i ^yJl UjUJi jt> L : JI^j 











( j4ul*ii jiuJi jiijj) jUit- o*iiii jifliJi 


; HjUI jJu J jl*JAjLr C j 0 O^kuJI : 


**/l+/2 

Jl b JiL> c h U i c J_>b Jl d Jl3- a j-t u5j«*i /i J 

. c J! a <> h)m JMj 

l+Jj» dpjl jlj j^K el>Jl J\ J) jlli-i o' J* ‘ f j/ J' : J') - 

0* 0* ji j Vj* ^ ‘XT **' ^ 

. j^>Jl J jJci d^l* i? JS J jii>U Jii; oljb^l j-L’ J 4yd\ oWi 
? acdn ij^JI J>>ji LtJii ij|^II j^l j* ^ : 

jJuO dji US c Jl o 0-* Jt-isfil dp /n(18 ft) Oj'du dfc dj| ; 4 jI>j/I 
; f o*j . of J| c j* Jfflrtl JiP (wnl) ^ 9 V 
-/ 2 (18ft) 9V = 0 



. *za 


? cda jLil j h jUl £• J*l«t J*S ; J'j-» 
jic, . j^JI jilR Ji>0 J*y„ V lifjj [Jp* i> & ^ J^' : 

jJjjJl jbJu, (emf) iwi ujU>* 4>1p < (emf) ^ JLiSJ'Jll a!p cj^JI SjpIj jJ»i 
^ o!i • >)/>' 5j ^ J II jA ^ ^ J Ul ^ 

. aLulJI 5a#13 c'jlu y 
. ( jLle'il j VjIM **$* d«AAj-. j>K p-i j ) 

* <U)li <Jjl« jit J-a>i >jb JljW 
i5jj.l ftjj-fe aJjLu J! gt*3 IjJj J^l ji a/>c *>11 *u j>b f! dll ; ol>}ll 

<jubjS 

<• ijyjl "oapli J Lpjii jJll j» Ui. abca, tj^JI J>> oj- Ijl : J'j- 
h( 12 Q) ojIjJk lifj». v-SJj .6 J! a o- Jttill dP 6 V JH di[ : 
c o-< W18 «) ou-5Jj. (/3 »UJI o-Sp y ^ d>!) c J! 6 0* 

. i_u~Jl jbJ a JJ 


-6 V + /s(12 fl) + /s(18 G) = 0 


^jJl o^UIl ju bxc - r Ls - J>i3^ Lucli JJ ^. iOi^*)lj>Jl 

j_< 0^*i ^ u' k df > j • , '$y >J 

ijyu, UjLu Jl ^ jJLu oi ^ i#>V1 oVjUII oi« $ «> ^ 

oli LiU oi* o^ ^ Jjf*' ^ J* W" 

jpJ| lil^ul oJkiij 

0Juj| lUj. kib j->I* 4 *** ii*J 

; ijiU Lfi> 


-18/2=9 


/ 2 =-0.50 A 









( jaLjJI jLiJI y\p ) jit ^UJI JrfiJ! 

■j j* it ji Jt Jj 3 Li* vJUl ojLi^lj 

. 18-16 J£JI 

: LiljJl S^jaJI UjLm ^ h <*& j^ll LiiSLj 
-6 +12/a + (-0.50X18) = 0 , i»-+ 1.25 A 

» j-* . (h OjLJj ji jlljill CjioV dji jt jib ) 

Sjili LIjLm L*i , r_c*v ^ 18-15 J_5L£jl ji i j*JJ h »U-Jl ji UJjj i<l>)ll 
: 1 1 iijAj JJ jjjij <bJu]> 
ii=/j-/* = !.25-(-0,60 A) = +1.75 A 



jkA* jjjf ult-M Mill m-Lbj 

j jlj—SI jit C&tf-Jl. . jfjJ 

l—ju 1 Lrt'ul lilj j* \t jku jjsi jjj 
nLi.yija^ 


J^lLill J-J (>> y £±** oljliVl ik>Vj JJ «L*l*)l (^1 

9 V Lpji OjLLuJl mmUbJI l~ i.-iSg jS I 3 j I 2 ,i>*i ; mjujJj 
-0.25A , 0.500A : 4*1^1 


jIaj JIjjJI jit 4 JUHI oUjUil 18-8 

(ijljjJl jJt 1 Liu olilSil J *i>y) ^uLjIj jit ^Ul JLLI! ,y UtyO jJU 
J -n~i~ LiJjlC -mju ^lll lit [ill 4uKII O'il j“Li . Jl^lJl 

. O^LSuiill .jjHu Liu oUjlill j* 
Loifj JljJll jJt Liu ILciU oLjlL* <S^C ( !) 18-16 JiJl 
oLL>lil J_tP *jkLL« jiiM / L IjL; jli (m) 18-16 JiLJl L5 LLL 
’ iLL jj L, ^lc »L oJUJl 

• ^JLflull oUjUil / jWl tfjj ju 1 

. IR 3 j IR 2 1 JR 1 j* oUjlill ^ xpJl olLUSJ 2 


«, r 7 r 3 
•■ —YA—YA—VW— • 
(1) 

:18-16Jii 

j_ It Uu l&lll iJu«jli*3 J*l 

■R«, = R\+Ri+Ri :.jk iJUA WUj 



. ^ U ila^-J 1 SjilJl »i* LfLuki JuLc ^yi»j6\ iijtf'i U »k«jj 

%-IRi- IRi -7^3 = 0 


r 5 <>j 
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( jUjJl y\yi ) yyt 

* */(«!+A+ ftl) 



h 


Lfjl _jJ I ; LuJl j*Ji> l$_lM> yu j-lll Req <jilill 'Ujlill jI^jJ y 

4-fcuki ^jl , (_*■) 18 16 JilJI ji <yij Jj claj 

; sylaJl :in jit 

% - l Rh I 

. ji JJfj % j£ j,UjA»il OiiljUll j*U iijliw 

Re^ = Ri + Ri + Ri 

: Jljlll <Luil oUjlKl J> n JOf $ C*oiill oi» ^xuu J&AJ) 
Rtq ~ Ri + Ri + Rj + . + Rn Jlj3Jl jLf (18-81 

w 1 4 l||.ny jjfij i iSjljill olyfi* 4&i ( 1 ) 18-17 Jiill jjty_ 

y-t liLkt tyij ( i**)l jjj ) UJyUl yli (cmf) iuiljJl OjZJJ jO-fU 
; U rlH-ii ^jSU j*ll oLlJjJ L jjjLj £jkLw tij>1 *y) ■ W^* 



jjljlJI jJ> oUjUIl 

<-** k* iLfliil oUjlill |> 'fi jj* 0^< 1 

: ifoUW ^j 1 ^ 1 ji* 6y>* £• JaU pjliu JS ^ jUl ; U)I &ij 2 
^JJ. . . h = tIRi ‘ li m %IR\ 

: jli JyUi^AJ iUlli iiacliJ UjLj 

/=;,+/, + /,.|- + |-+|- 

"1 flj 

IS LoIjJI Sj-ill jt I KLi u*>~J Rtq iui JJ>j i»l J y iij>i 

Cl* • <3jlj*N J* iLsui! oUjlill Jill LyL» 

JL .L + + jL 

R„‘ s i *, *, 

J| 5j^Lf» iiJ*< 1“ 


? 

(+) 

:18—17 JSm 
. j ji j_a ^it iiu ^itiS jujiui jtdji 
jk iiiiiJ iujiUj 
IIR,q ■ 1/Ki + 1/Ri + 1/Rj 



1 



: ^ 1UII oUjISlI ^ n jja jk 



— •■•*s- *1# J* (18-9) 

R, 


4_Ljj ^Jl O^WI yJjj JASi Jiydl jle iLalll oli^liil J <I»>)U Jilil o*J 
:UI^J j! • Tf^> tij^ 1 J* 

. ouyiii **> ij oiJi 
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( jmJI ; l^l yljj) jbt ^UJi jrfill 


a f -WV- fb 

. 4Q 



<•») 

:18-18 Jli 
. (*) J—ii3l y_i L-i 2 H f jUu 

M j—' iA jUjiiJij 

• (-*) J u u *>- j 


18-6 j>±ay Jlli 


. {i) 18-18 Ji^l y ^UJI J*» jlll/jUJi j>y 


Ih ,j ilLli j. ^aiaii jv-o^i 

t«* lull olijlil! ^ $i SjU J^l ,> <ii . (!) *>ll J fcgltf 

OH 0-*^* jr^ 1 £*-V IjA-J jjA 1 J*S vjjlyJl jkj JljjJl ^Ip 

• C j h jjuk^l 


X. I + i s 1 + 2 b 3 
fl. q 6 3 6 6 6 


1? = 212 


. iiilill SjJIJI £l (v) 18-18 JiiJl ^ 
^Lillj 4 11 pjlill (^j J>|j pjli, yl^jljill jlijUll iiu> 

J* U#lyli*j c j a 0* JIjSJl Jt y)U. 211 
/feq = 412 + 2ft = 612 


yjl wlijll jjj . J_lill ,> (_fr) t^Jl J) Ktytjt iiilill 0j5ljJlj 
: fl ,>j 12 V ^ 611 pjlill _*p j^JI jji $J, ^Ij j^LoJ bJL* 

/= Z = 12VL _2A 
/? 611 


: 18-4 JU* 

. (i) 18-19 JSJI J L,0 J5U jUl jl^l i*ji 


i<yilaJU JYjU 

•' jl^ 1 jl* : Jl)«* 

iijlillj (6 V) OjM ^ ^ jUl *1 , V =IR jl U : OU^I 

■ did il^ukiuJl IJill 
V rf j f ijjllttjJI iiilill iujltll ,y> U : 

■ jA jlltjlil! : <Ul>Vl 

-L. s 111 ■ 1 

«eo 3 + 6 6 


i?«/=212 


. 6fi Ujl2« M ^ U. JlyJl J* o^Uu 2H j 40 oUjUll : 4^1 

. 611 ^1 |»«Uu £« jjlyll J* J^o* Ij*^ 

J- = i + i«2 
R oq 3 + 3 6 


Rw =312 

























( jiLJI jLuJI ) jit* ^IjJI J*mJI 


3Q 

-A/vV-jc 

A 1 Wv\d 

6Q 1 

ha 6 ° 

i a 6V 


j 14 a jiil Jifi (I) j 

ijiUS 



*J- 1 

I 

<*) 

(y) 

b /i 

Iff J 

- » yvv ■ 


VV\/ • 

<VU 

1 


< a 6V 


id fiv 

1, 

— I 1 

/ 

(*) 

— I 1 

/ 

( 1 ) 


? d j a £t-u -uilJl lijliLI 


j»-* Jlyill jl* J-ali 9 fl ^jLiill yi J-S-iJl j-j (-*■) ‘j^Jl <> £Ak . ^I>^l 
IjJj , 3 £1 jk jill Rm ijjlill 
Rtot=9n+3n=i2n 

: J* fjl 1 JxJ» 

/ = JL = ^L = o.50A 


yljjJI J> JiL« 18-9 

. ^JL-ll jLjJl y\y JJLm ^Jsum J*J i»pU! fclrljj^l (J^ll t^Jj! 0>J Jxj 
jlloJl jam jj-u i)i Uik . Ul«Sl jui jjlp ^ oljjSl oj-» ji JJj 
J_>jll y! ( Iff LsliJl ilL* JSJ oi <> J*) Sr^iy* 

. l^jiJ UilJ Ijji* j fit JtJl ^Ul 

. SjIIaJI pi 1 

. OjJljJI £jji u_4 J5J ( (> ) IjU ja> 2 

, ytlt* JJlP jlfi ft u'j te” l? J ■»>!) >j f 1 -^ 1 
. Jt Jlii- liij y JS j oljl*i)l >>J J it )I *ttsJl *fc*J J* Jtej 
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( jiljj ) jit* jjliJI 


L>iit j'i libt ilb j5ui l>b jic«jiyii ^k bin'lli olcj«»«li Ju»i 3 
^ LJjLw J_5 jy>3 J o^j . ik^l ijiljJi vjg ojjaJI *l>bu *3SI 4 
, JiSl ^k JjJl* y* 4j Jju 

. J*l> J>lj jW jk jfll J* 6y>3 Ui Jfl L-X^ ( O^jU. i-jj^l 5 
ji J^kUJI jjaj o'ijUil y# Ijo£ JU U-jI; ji ljc»o 5 j 4 jb^kxJl 
JjkbfJl J-a»d U aIjLII ok ^1 


: 18-5 Jik 

. 18 20 JSuiJI ji ojJUl ji ijybJl cjijLili i>ji 


>~Wv- 


: 18-20 Jib 

JtJt L_i ^. A* > .ii j JjJIj 


HWr -»—h 

1 m > 6 ' v « 

i^yilak JVuU 

? JjlyJl ji JIjSJl jk jJLoii bux* ji k t- k i jliiw J* ; 

m JjljJl t j-k kuu JLjJI ^ LJ ef j u/) jrfjiJl ^4 £jL»jliili 'll : ijl^ll! 

, Ls^l ol^Ubu ^ ykljiJl ylk lij. cd 

t Ipjljb jiiij ijyJl o'JjLu ji ; Jl^ui 
: jli a <LuLJI jj* L-Ijl- i jL j . abcda jyJ' ok ; AjL>)II 
-/i( 5 il)+12 V — /3 (1011) = 0 (1) 

; jli a jUa~.li ale liiju I jli . ahefa j* jil o* p JL*j 

-/i(5 Q)+ 12 V + 6 V W20 fl) = 0 (2) 


^uj l+W jZ*i) 

-/i(5 Sl)+ 18V-/j(20ft) = 0 

yb_V dLk y(j (1) ^ JjJjJl y«JU jJt (2) jJ ykj yi Jk'i 

Laui OAjJuJl 
? dcefijjdl o* IjU : Jl)w 
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( juLlI jUJI ) jLt- j»ljJl J*i)l 

jLibUil J-«-la tiu> \ i}±> Jt oj^Jl >jj> aJjLw ijy *J j) : oL>Vl 

.ijlIJ j-Lii J£ (2) j (1) 
v . C ii* <JjLiu U ; Jljw 

: ol>?l 

7i =/2 + h (3) 

V d»5U)l oKjUil s!)J> J> ji IjJ uuS ; J1j*i 
lj_u jl ,‘l jiff Ijjj Luii Jb->lj >i jic ^*I>j O^IjUj LujJ <JL>^ 
/l j_£ ySJyul) i l (3) iJjljJl &J» <> jMj *U)lf 

: (2) } (\)^\A\j 
ihtl, i)(5Q) + 12V h{ 10fl)»0 (4) 

-(/a + / 8 ) (5 Q) + 18 V i 2 (20fl) = 0 (6) 

UU JjjL>JI yytJ 

- Hb Jl) - /»(5 ii) +12 V = 0 (6) 

li 25 n) m n) + is v=o (7) 

: h <J^ . h ^ (6) <bWl > jS*j 

h - 2.4 V/il — —3 /a 

SJjUII y <UjuU> ojub ^IjioJ 4 /a j£ li*J (7) iJjUil ^ lj* j* yiupilly 
. (3) UjIaII jj h jli lj±>lj. h ^if J-o>j uuii (8) 

jl»L>u j_i JJi3 JJjj vlbLi i Lxfjmj Uui» ilL^ UjuP i 3 l13LL4JIj J>)i 

: i»«i (7) SJjUll , ifii o^jUll J> j ic iio»J ^ill iUiiS'l 
-60 V + wa n) - 7j(R £1) +18 V =0, h = 0.600 A 

^ U (8) <JjU1I U^aJ ^ 
7a = 2.4 V/S2 - (0.600 A)(3) = 0.600 A 

< (3) UjUll (tiLu i LlpJl jij 

7,-0.600 A+ 0.600 A =1.200 A 

CijL i»l +J LpUL>JI jl J| wLIju ^3 olj oljl^lll jl J*»^l 

• 

. -6 V ; <Ol>VI. 18-20 JSLill ji f ) e jj’iUill j# j^_>JI jji v_u*>l : wVjJi 


: 18-6 JL+* 

® L* c*>j ^ (I) 1«-21 J-S4I j 
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( jLuJl jjIjj ) jiit ojLjJ! J^mJI 


: 18-21 Jiil 
j/?>/**! 


n 


Spoilt oijW^ 1 oi** lU* y-*^ '-iy*) • V*^ 'jK*i 

8.0 fl pllll jf.s> jLf—»Jl jy ijL ^luiJyJl jUlfil .iLLd £i\ Li . 18-10 p_i!l 
jit jj> oUljJUi oLaj ab PjJUI jJ oj_-y ^ jJI Jui, jL^lll Iji* Li a 
, yL **by 0.5 A jLull oLcbJIj 8 11 pjlill ful»J) . 0.50 A J 16 V oujjjJl 

• R ■ % £h J-* p-i* • SjJUl J*P j li'Jltl yy> yfi Ip) ya*L.) 

(V) 18-21 JliJl Ul. ( I ) 18-21 J1SJI j yi pj LS 7m. } Lb 
a ole ol,Ul t-UjJt <Lu 



. JVJCL-I 

. ilL-II J*J oIjU g) J1 fi>L GJj i\ji jic ili-ll ; Jlj-< 

t o'ijUii»is jiT &I j* 

3,uk dLlc |J . j^Ll! Jj, Lb Ask} yL U oLjkH ,>» AjjJ u! - 
HiLLu oVjUu ki*^3 jp Jl> i)y- U& J$ J* <Jyii^ 

V 8 11 |>jlill yrfUIl larh jl^JI Japji : Jl^» 
R = 8.0 n j V = 16 V li»j . V mIRp fJ Ull ^ j**ll j> o| : 

. f 0 ci = V/ff = 2.0 A jWI 
? a Hull! jjrl5 j^ki 4j»aw jk L : Jlj-< 
Lw a LUiil J—kjy /(i*i jUill yi +»o (y) 18-21 Jiill Jl £pjl : 

(oJj . 0.50 A ) /fjr/t yljl^jJl Ujjlu 
Ibda =2.0 A+ 0.50 A a 2.5 A 
v b jic IktJI ftOfl] Cu+xL>l IjJ 4>}jU <Jjbu jiii Ja : Jl^uf 
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( jAi-Jl jluJI jiljJ ) yj* J*13JI JdaiJI 


jj 4ii ji o ILUl .ill IpjJ iljl*il yJu dlju Jy b <kuil jj 

. o.ui> oIjUj ol Lfj ytii 
? ocba »j^Jl Ajxli Juki J£ riu lj j : Jljw 

? SjjaJI Jj> V jjJi jliil Ju5 Uuij 
>liii UlLj . Sj^Jl J^> JjkuJ jj*L*J'lil j a jl ^Li»( • * .1» ^ «< : 

Ojl>i Ijli . ^>j~'ill yju jif ^ »H olj^iaJ Ooxkl C/ljLiV 

; ^ic J^xao Jjli i yij ixU! ii\> jl>jl 

-16 V + (0.50 A) ii + 6.0 V = 0 (1) 

Jjl jj jsLji if o>tj »j+; u 1 ^ 

. oljU^I 

* iUi jjy ^ jiJl 3j/Jt U : Jl^i 

ji ( <jL«il Ju5j Jiy* abda _jl acbdci jaJLjLoII Cej^l o* $ u! ' 

. C^jIaII Qj-LVl^l ii JjU^> SyljJI KU> 

V acbdci 5j_jaJI jljjjJl W** ^ : Jlj«» 

: jk Ju>u llilj a aImlJI jj IjJ 

16 V -(/hh)(10«) + * = 0 (2) 

L$_i> j_lu 5 Jj(aaI sju jlj * IhJu OaJ JaaJL JLikci jj <JaijJl iacli ji luj 

. % J* Jj-mJJ 

by* lit LilS 4a>^* ijLsL R y? jji J>Ji (1) <IjIa1I j t 
QJ* jljSJI »l*Jl y£>* sL>0l j R J/kJ liijj 4£Ul 
Ui . J? = (10 V)/(0.5 A) = 20 n LU (1) Uibdlj j+>JI #b*Jl j Wi 
% = 16 V + (2.5 A) (10 fl) = 41V LUi (2) feUl 


: 18-7 Jli* 

^JU j_i)l iixiJlj h i h i h i 18 22 JSLUI 

. JJSII 

Qj i^2kl« JVJLu«i 

? ^li ji Jiili ^ J*)- 
o i^UI £jii! J\k ^ uS£ll j>* ^ Ukt : 

iyi j(j 17-6 “JjUil «>; . (18-22 Jiill J h = 0 jUl oi k>1). JSS1I 
ijJljJl 4 „ 4; J*l>j (4: • V u <flC Jujjj Jl£ll _afi Jf^OI 









( Jj-i-jll jLuJI ) yUt jrflill JrfiJl 



18-22 Jbi 

jl__J. Liu CjIm* jli4 jjSj UiiP 
ai-ij yii—-»«au j*i 
. ijll.il j* f>3 ua JU) jUy i'>*" 


<j( w (>) V Jl* 3 jl dLliaL jli 
? d iLiiU L-JL Ikull i-iila pjij OL : JIJw 
, h*h+h : oL>Vl 

Y flWfl 3jj*U AjaDL bj^Ij culi ^jj| U ; Jlju 
Jfi J-a>J Jjji 4*1*11 yjl«P <Sj> ol>Ol Jw? oUxJl j oSj>J |jj 
. i» (8 fl) + 12 V + 4 V = 0 

/.i = 2.00 A pA jt) 
budtb bjjaJI ^Lu jjJI L» ; Jljw 
: jli IcUi wjjlit ii'j> bL>jI ^ £j£j>; lj| : oL>Vt 

+(2.00 A) (8 0) - 4 V - /i(6 Ot) s 0 

. /i =2.00 A ijjj 

? h jjJl ibLil jjk L : JI 3 -, 

jl Jj j >.U k yi< 1 b aJsuuIU . <daiul! Sadi Ifjj ; 4 jI>VI 

/2=/l + /3 = 4.00A 

V k_iiill ^k iU>JkJl jic Jj.n>»ll 7 WUJ ^i]l iljLll Li : JIJw 
j-i p—c^l ^lc ^k 4jjix«ll jjjaJI sjjaII 3+fI3 JaaLaj .'lilt ; 4jL>^!I 
. k’l.iiUj . Ij i.i> j jL jl ii'i Ui) kju£ll ^lfi £jill jl 

. defgd ojjaJI Ji> 4*UI yjOk oL>Ol ok , 

? 3 Q jijlill y* ipJI J yfc H Ail <il)j Ju* Jfj Iyu> U oJl5 lj| : Jl}*» 

• f* ■ ot^yi 

V uuSil jtfi +f>Jl jJi) «l»Jl jjx»o aaIxL. 1 LuS ; JI^a 
jktjLSKi-J y* jLk La JSj , iljLll yiSu jX> t_j yu j^ i»L>j oJ ; 4jl»Vl 
Vfg Sjlil j[i JjJI JL»o Uoitj . g J! f j* ++aJ' y*i J! jjLSjU Vfo yjl 
■ +f*Jl jA«i ol>Jl JjJ 

jL U defgd. lyJL s^aJI o+c'i LuImJ i LliLLlij Jx'i 

-(2.00A)(6.0n) + V& +10V = 0 

Vf ( = 2,0 V jliljj^ 

vjlill ^k >U>_JI jl 

q = Cufr = (5.0 x 10‘ 8 FX2.0 V) ^ 1.0 x 10 B C 

. kJliiU k-JL^jll rjDl y> ^ AJaSjJU J^axLI rjll! ji Js>^ 















( j±lA\ jLuJI jiljj) J*ill 


A ,uljll j—t 't—S f li' i ui 

■ 4 ^' tiJj ^ o-^ 1 


(’) 



W 


:18—23 Jii 
<Li-> i> jlL* jl uSO jji) J t 4J IjUl 
a Gjj»j Aftf'i L.jllu 


oljjuwJyJlj ol jWlfl 18-10 

pJ>JI jlfij . SjJUl y yA*ilyj yi*i iiu> aJI> 18-6 Jill 1 ji L'j 
JjfcjJ uji Ml i r it* ^-iliJI J—aJUl jj iji-: >M’I ojj» <ji£j (j/d Lwl ,> 
, J*nll j ui y «illM ajLS Liilu 



Ja_> ^ ij-Lu dLo^i pJ^j . Li ilL j> jlil jUII ij-'j j* 

jIjJI jUUI ji . (i) 18-23 JUJI J yi US JJl g> o>lj 
i j_Lj , jLill Ooi 0* <jii DjjjiS iijlil jlf»U ylS lij* • b* JH 

jj _ lid JLi»\ y-1 J-nll j Ojii-J U lii , !ji-e Jlil' gjj U* 

, pjSl (> lj -5 0^3 Lfiijli* ol* - kUII 
yS V = IR Af*ll jjj j-UJj . A**JI u-4* ji ol^yjl poia-jj 

pjuai jii+s, ^ oij j#** ul> (v) w-23 jsaii j f jiai 

ijjlJl £Jlj ifi /-ddjii) Lili <JU1* ii>l*Jl b*) . Jiill# 

Jliil <) lu2JyUlj . lx* 3j^5 ^iiiJyJI lijlL y 6^“ jP 

ILL ju* ^JL| ji ij^ljJI jLII jUllJ jS* H bP 

• jW J *>y 

JSLiJI j uiil^i on bp^i 

^jJlj oaM- ^ill jufjJJI i^Ml of-j SjLJlj #L>JI jl* ( jl»> 18-23 
jJi djli. jl+i ^ di ji . S-jilfiM AlijUi JUil jlidjiJlj . p«Al J**ll 
oU jLiii jL^i\ i-*i. jl*_»ji jj i 'j/^s 6^ jite* J! b*y 

jl^ll Op uUlixi Ulj-f> jdd J! Ij-f- ^->j o' Pj ‘ *ip> 

iiOLIL ^iuu yJi\ (J^l> 
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( jmmII jjljj) jte jiliJI J^mJI 


j\Su jl 



4ju* jj > * i»> ‘ >ll jliJL SJLkJl ai> jj luilkJI lk> |jjSjj 

. tr >lji>' 5 ll uw IjJ . ^jjil ywl^ ji ^$bp uSjwj jl+^H 0 ) 1 ®! jLj 



: 18-24 JS*i 

. >1*11 jlfkl 


v^ll jSljdl 18-11 

£tjy . UJjlU Jib ajuUll _pi^jJl jj>j jjjUiu Uil dLi"i 
(jIjJu a*_»JU jjIju^I Jjj-i J£ JJ JiSl jKL aw ^ji3 Jjlil 
IjLu J»*ii jJ> jjjZ Joi 3jL ojj» J^yJi jjSy 120 V 
»j«S dlLJJ 0 aya^A\ wLill i>L_Li UK ) , Lfjjlj> i>jj £AjJ3 jl jj J 
4^iio]l Itjlill ‘jli i PR K) ywIjiU 3Jjill 3 jIj>JI jl du>j . -llijlii oil UK 
. (ijlj»Jl Jil bj*J j*D 

20 A JJ oljL,u J >»Ti JI^Sl ^'iift* «iA>^{l pkw Jij 

J+-44 J—»y ijxjQl oljLull jj i-iliyj d J* VjUw ji* j*x-J jjJ 
j-£ L^UJb jiLJl J*»i <lLfi jfij) , dUi u JiyOl jlc 3^iljU j! (jys ) 

. jJuaII j» O rJA-Jl jl j#Si i_L>w J Afj-JI Ildt 

jA-oil jj Jjlil J^Li jjjiw jwjiw4 jKL. ji <ojuJUj JjU ijib 
JJuJJl) « Utljll. J*Jil j_P Jjiil JJ jiJIj 120 V a^JI jj 
Kj dL-JL ji L_» jl^> ji i»Lo] tLaj Jd tjljbl i>l J««yj . ( 18-24 
jJaj Liijitj . ipjijJI Af. > JI jj dUL J-tujj jiSl i,jjLJl Ul i JUJl iIl^aII 
Aj->>Jl «j dLJlj . jlj-aJl J%i JJJill LfJiw oLxxdl jL> U jl & rlib. 

ijLe J«suj jiUiJdl 

fyj ywliJL 5JJ15 gJ\ 120 V jjlji* a w JwO ^1 oj^S'l j> jdSJj 
jjiJI jO a^>J| JL jm bli. jl^fJL) jjj*ll jlt'jllj dL ^ 
Jl ^ii^il jl^—>J i dLw Jvli- jt i jLh jtt jaji\j jh Lt JLojl iiixxl uaJL 
L»l . £ji3jll AfJ»ll dLw J^ull ( j^jill ) j+dll JL ^hXl y j[ Ok^uJI jjSij ytfj’ill 

a jjA« L^lb » jL^_>Jl t+aj ji JJ JKJI Iaa j'i j-oji dlw - l jj jiU lij 

, i«A«ft< olw Kjj jJAaII yAXw Jl J *4 lj] Af> 

JKdJl j-i cUjJK 60 W lj 1'.f> <lim i)i> .i 1 jj]l jUllI jljiu jSl l ^>.1^ 
J4A>JI jjJ jLSj P = 60 W jl ^ VI jjU jjjiJI ji L . L^»U| 18-24 


<-##* <Jb <-d* jlj-i-U UI4JI <1^1 jjJli oKji >jy jilt a^JI ij ^Ltu * 
«)^Jl ja±j L jj LI . JjUJi JLUI jJ UalyJI ji ^ill li» j«jjLj 
(Jc) jiiuill n >11 jill JJj uAj j^jIJ <J jJ jpiiI i^jkJI jii JbJl 
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(jiljJ) ji»* 


j|jj WaI* 4 Jill# , l - 0.500 A <WI ^ jUl jltfSJl i)l» 120 V iJbJi baa j 
0.167 Aj;*ijUjl| «■ i 10.0 A djIaL IjIjJ y»>*-J t*ili j*iJl 
vUlSl 4A_» J_S o^aI Ia|j . 1.00 A yxx-3 1^1* 120 W 1*3x2 jSli ILdl l*i 
bjU Jjill ijib J*aUj . j*~f*H j*M-t jljjJI !> 11.667 A U jli U 
ilbJl AAA j Ja> <JUa jfii yJ IjJj 15 A jt jiJ 'll jftu 


uJaSj , 5jib (> jiSl JJ k <> V 

1*j (>eUJl Uj*-4 3jib j£lj . jaaJI l*Jw a j* ILaib ijjj* fljJ Jjlili 


18-24 JS4JI J gijll 


*i jli #Jjb ili-cJl (j£j bjAr . B*LJ iL-aj ImU* ljL> j#Jl jt) 

jolt jli 120 V bjU ft jjill a**J( j±aaj oL>) IjJ l*ji ^ , Ia» 3ju£ 
jbjJ LfJujli* JJ j-i b—<jJ USj i>»biw)l <*jj JJ b>L iijlill 


iiiii L*ili ii>L UaIcj i 1*3)1 j> i^jJ oaxj! U1S j.yl» Jii; 

L^ki *L*t LaJ J Liji I 3 |». l**k il*-ll oljJL SjjiJI L«i Jaw 
: *| JyuUiji ; 120V C 60 WI*Ja 




R 

/? = 240 n 


Lij*]! ijlj_> <>jj ajx ik«Jl baa litlib jl 18 1 JUll Lij ji LI £*» J 

mi ft 


>AA Jt> iifUll ub-** J - " 
<&t—J yijVb 

j-LU j —U)9 liUfl xc j jt yiW 
£— 3 j • »J>- 0 —« 

i_Ixul! jb-iil' |j*i Ll*]( JljkV' 

ji ‘-<1 3U ■ ..1J; l*li|X 
Jlijj lilixili {to y ftt i41xj 
Ci—ijuti ^Ia*j 1 jftAjlt uJLuii j* 
Jj*J yj-i I j| L yij . JjJl 

4Jlifj o-jVi y» lij> liwi 

, A^xSJl ^ Vila L 










( jaIJ! jLjjJI _pijj) jobiJI JUJI 


jU^I 18-12 


jLif Jufiljt ^ Ai jl Jit jit i ^jj JS JbjJJl OjykSl |>jj»oU oil vLu> 

J jj liLij Job jl ‘■bj^U jSuj jliibjL -bbj . jjj^Jl 

. i-l>l) lij^> sIWlAO XJ ji ( |Jj>l 4yj*> ‘Loci jl ji ) jjjllj yfijl o'! Lot Jl£ 
> .j»»ll j_» *j_*Jl dJj jj JUl Jllkj jLiJ J& jjli j>«.jll jLJl ^i> 4jJ Jj 
^ V i Luujj l^aaUI jl) j^si jf 0.001 A jl^sJl jjSiy Ujirj . ji j*i v.5 jJl 
JJI oib jl ^dv uo ; 'll Lt rt>.l l I jli 0.01 A tiix i jlxi X>A lil . iiJuUL ^Lo^il 
0.02 J[ jLjJI Jyj IjJj . ooj Uf oJ a^u jl^sll jS jo ji ^b^ill 
fJUj . yJui)l ui-tyJ jUuill jtfxJI o^LmJ MLi ouo oli j^»JI J%> j»j A 

A >>fc.All ^o—L xj ji ^ until I jij . Jli>r it It ^cli_o ^JjJ « J»L Ijjt wjLoll ■; 

!> jliP j_k>J LojAj OOU JJbJl jli "i]j . jLU < —..■»■; jl Jjj OfJI jJoXj j» 
O Lolly ^Xa! JUl O^Loi jit fc-JkiSil Jj 0.1 A jAu Oii jLu Uiipj 

A 'll II illl jl C*jjJ ( J ul y oL^J>l Jf jliy b jl ) A thin j^Pj A\jm 

li ^> jXSl jl 1 A Jjjui oljL_y jit JyJl jij dlj Juy JUl 

. lyJl> ya ^l]l ^okII oJb 

L«i . jUfill jj> l$-») fi>JI j|< jilj 

jJ Jjoo> ji j_4 J^ll ^Jij . Jj_U olixJl Jjl*j Jli iaij j^j Ofxh 
bjb_JI *~y- jou xi> ji jlpl obJjill j« Jf sac Jl if>Jl Joy y> j>oy 

UjiP 5jL-» jiJ Hj j—aJU K Jjl "ill ; bjb-Jl ja1« jljii boo 

j J I' J lj iolc i^ui 4i> ‘u liiiVi jl jiu 'll oloo> jl i aSI jJl j . yjbJI jAJl* 

5 ji^k JiCfy Li ; oJj (ijo* j t ybuy l! yUl y^jii JJ Jo jo jUl jbjJl 

^blo l'iy Llb> jifr 

. jJUl o Jl bJli I_u-j 120 V UjLf> Jlbi Sjjlj jl) i JjJaJl jjju jij 
i Jl yobi Jy> J JjA Jlj jjSy IjJj ^Sb SpljJl ^5 lL J»i J-ojj li tjltj 
•*■ . ( JLJI j JjiL » l Q>Ow V jl juiy- 'jj doo> OjiP wljI J^ji)l . Jjllb 

Oil Ijlj ‘ y^bSlj ^li>i-i1ll obi J5l> ji o»j^b - LUc _ %aiLi jjSb 
JjoiSb dL- jJ xJa Jjj ) J Jl bjlb ji fitijl I jyoJI jj JUl OjLm Jj^ 
jojSl JJ Jj-y- J^L> jJjjJ ilxJl jjt ( 5Ui i ^bjliw ji jUj J>b 
‘ CumaJ jySii jl-aJI Jijlii jli c^j^lj ~ b" »> j" K-iillj J#UI JLaTSt) A^uj 
. ‘b^Jilb jiuall djfjiu i>jjJ IjiiS jjSi J < 5b> Jtjjl jbiJI jl) Jbllyj 

CoJ jji jJ i JUl Jii_i Jj_>l jSbi y Jjlu Jtlji OJ>j jjj 
_jJjJ L_0jAj jjSi Jil) i Jj ^>lj)b u^j^ll 'll*j)j Ji> ' ItjoSb Umi itjloi 

OjUl OjjljJI jli JJjj <i Jjlfij Jl> J»- jj* bilj 'AuS jl lu jjj£j jiSl 
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( jaLJI jluJI y\yi ) jitfi j*U)l Jrfill 


i JiiLj ,iil> dJjji c*Jl5 y i.yL oO jjj'ill J| JV> j* 

jj&- i Jl> \+, ^1 S^l J>l jl jU JJ dLi lii UiJ ^j*3 *iiil 

. *ui j y »ui j d* Ails y j-i'j d ojJi 

Ujo>j 01 0)^5 jJuj ijU^dJI iiJuJI y»> jji 5il*Sl 80* j* j-ilj y l*£j 
ji v -y 1 dL#U i,Ji 50 V j* j*a)I jj» Jlj lili, 1*>L*I Jj/ 

; Uu t gij* j+j> Jifi l£L ^ jl 4tl* jl* jJj • o* j** 
i jjiJl J_U l_»lif OJLJjJi jJj fJ) ^ J* lil 

Jyl> ijLj . UjU wL» Lji ji iil* L* yoxUl# dLJl jlwl jiji# diS*^ 
jij\ y j->^ {—+ ji £h yly-i' y ji v ** 3 * i*^l* jUi^ l*#i dill 
jj_illx« JUC j#3Wi y# >i J*N V J j jS . ill#* 

. IJJii tel 

VjM J > )l (EMF) ^ 18-13 

5jl*Jl *l^ii ji ‘ >T j! I* ojj ^j ^ ^ J-* bfii i)i d* 3 ** 51 i>* 

1 ^ IjLs *** ^1 i^jUI ji y> li* ji v#Jlj . d^Ji ijb! Ji* ciW 

jjb-JI »I>J cxiioi OjltuJl jjjfc £*-# Jkf^ 1 0» Jfi# !i * )*) 1 *k)M <> 

. VjM jijfcJ! J+*JI j> *4* ^ UjJ* j 5 ill fjXwj 

^jliiiSJI >Udl i> jJyi SiylUl (emf) ol J] yi* ^Ul J-»ill U^ii A 

io oc m ► u' 0^*t ^ HjIWH J-* lj 

:18-25 JS« J 

j_-. <Lil> OiU jl Ui Lyll»#ll uIj-aD 'a#—I *>*") . *#l^b i*)li* ^ly ^ Uj J l#-l>lj# 

18 ■ e* ^ ^ 118 * 01S ^ 1 UWI ^ ^ *- ^ * u »> 

o^O jjilSlI ojilJI yAt) r 4*l*U)l i*jlill »I» 18-25 Jiill ^-ijy . ^ 
jjlP '| j >11 jy J_^Jl» yJ dll i inJjUauJI 6-* jl#5 yt»~u *i l*Ai« *ji 

bjl—“ UW i3j-* oj-^i f- 1 b*) r <d>l^l i*J®H 

18 ~ 26 J^ 1 j W i ^1* ^li* ^ i#ylM y *ii J* • i #^ 11 

( ^iJI *LUi) = % - lr * Vt = jiy*)! 4 »JI 

:18- 26 Ch J*^ 1 0^ >J ‘ o>* j* 3 lj b 

i#A» yi> > 4^ Jj* : yli oJUl jy»ll Jj Utyll JjUl 

«-/r j* 

( ^*Jj| »d ) = r « + Ir = Vt = ^>11 ApJl 

0.0111 ^ jjUi" *J IJiUl IfJijlL jli c 12 V l#;y 3 ju> CjILI i#Jl#j 
: jli 3 Q ^IL a* OjUuJl »a* j#-*y 














( jauII jLuJI j>\jj ) jiit ^UJI JUJl 


' D 



yEJ 

:18-27 JU 


6 

i j * 2 *iW JM ^ d ^j 

. j» J&i 


l 


12V HA 

3fl+o.oin 


: h ja j^Mull j# A+jfcJl y> Vt jijfcJI jl+*JIj 
Vt« 12 V -(4 A) (0.010) = 11.96 V 


, 4#jf£JI i*jljJl ayU jLu jijUl A^JI jli ilLxJ! a it jj 
Ojliil jl )}) •: Uiljl Lfwjli* Ojlj US k AjjlkJU ^«aII US <il jit 
iLai* 3 ft iii'lt j jy ^jjl jUJI 1.0 9 kijL> Ji> ki/jlj l^lluJJ iul»ljj! 

r+Ai LjlLiL 

1 -tZ- 30A 

J*^ 1 a +* JI ^ 

Vt ■= 12 V - 3.0 V = 9.0 V 


100 A *>J u>J jjL-JI i)li iSj*Jl ^jjL jit oi * lx*ji» jl j/llj 

JSuia . ejJjL> oils jlj jl> - VjO jijkJl Ji'ii vi; jilit, i CjUJl j4 

bydi 


: 18-8 JliU 

? 18-27 Jiill ji jijtJ 1 Af»J' L 

i jiLia JVUUi 

• *4*^Jl C)*^ *»/i U* jk jjjl la ; Jlj»> 

jJ iji-Jjk11 if# if>JI yU> d,iS.a.>< jjU>ijJl yjittUll Ojju dLil U : ijL>Vl 
, ja^jUsull jlil jUII jL^)I oiaku 
v DjjljJl alt yj ijjiujSJ Sj Ul JJtli Jiy U : Jlj* 
: n tUill j» ^yjL k IcUl yjUU iS>> el>jl jj SjiljJl J^> \jj* Ijj : 

-6 V - 7(0.90 0) -1(8 ft) - 7(0.10 ft + 24 V) = 0 

■ 

/ = o 18 V =2.00 a 

9.0 ft 

? i^il 1 !jIju jt L : Jlj-) 

. cuts y 4f>_jll ajLl^l ^jl>o unj jl illj. Vr = *8 + lr ; 

, (SjJIjJI ji jU> ££ <si) gji UU OjUswJl Ju£ UUl ajli'llj 

; 24 V IjjUbuLJ 4juuJIj j IAIlJIj J»Ji 
Vt = 24 V - (2 AK0.10 ft) = 23.8 V 
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(yUI ; L»II jiljJ) jrfUl' 


: >43 ^Ul 6 V ^ 
Vt = 6V + (2 AK0.9 n) = 7.8 V 


T 

ol-. 


4.1 4.2 4.3 4.4 

r (K) 

:18-28 >4 

UJM1 

, 1911 <46 j^ijl <L~ 


Cul> jjJSuw 
ijulill AJUjll 

Lj dL)j ji lw i jI^II 4 J)L Jj> ollfSill <> lyJ Iji ^^4*11 Oji!! ^ILi j*** 
>u li^j . jlUl >JI <> vj& »jb> °k) J ^ ^ 

oi 18-2 f^Jll j* ii-jJ j-iii ^ X*jM 3 ' ^ 6 * - W L 

bUi oijij ^ jU«Ji 0 jfi * W 6 * ^ J U)i * ^ 

otL > L cl* * >311 ^ oli^l 4J>33 L^j . ii-y 

, JjUf i^l> OIL JJ J>au 1 spjl jj 4^' o*U> i ^ 1 '^y 
4 _Ujll jljJl fJLu LlmLj jl 18-4 f-ill jj LLL >^3 . oLjUI 
J-6^11 1 »! yJ ji-Jl J| 4 - 3 UH V<J > » » J»LSi U 3 • 5jl>J< **j4 J*!** 

. .♦OKjlkll jLJi ^> 0 ^ 0 ^ 

L»iu L. y. 1908 r U yb- J-wil jj *>k * 3 ^ ^ ^ 

L J! 20 K *->4 j-» c5>JjJl M ^ M- U3 5 * ‘ J^ 1 ^JL)^ 1 

i_*u>41 L-m* dtjl > ^5 ^j J 4^ JillIJ Ojbl 4»j • ^ y l^3J'*44 JI ^ ^ 14 K * ^ 
yiLiiOV jbUiJH ji >J oljlill ,> i-^Ui ut J! 25 K > bb* 

OjljjJl ol>jJ iip Li *Uwi 03 s !! 0*1*^ ^4« £>tf 6 I 3 ‘ b’j ^ 1 **J J 

Lois 1908 r U J*> ; itj> oL>jj J| Jj-jU ^ fi , ^ 

. 4.2 K 3jlj> ;J *r** ilL[ ^ >j1 jUyi 
ySuill yliWfl Lby |> ‘ll-V <il j4fl* 43li^l y-Jji ^ I 911 j) 
xjj Jibu<) iUi oU J^ijll Ol* • JiUI f j4lfJl V/* ^j4 ^ 
06 j-LJI J| (AT 1 -0.01 K ijl>ll <*jj >li^l £h iSJi y 10 4 > 
‘dl> <jL JLiliHl lju* >iji JL^>j jJj {18-28 ySJI) 4.15 K jL3 ojlj> 
> dJi jii L. j-» L>^lj oL jJj . jllill J^yI <Jl> j*3 - 
^Lill JlHi'il ,> li* ^ 46WI 6* & '44*3 6 ' ^ 

. oj.yjl oUjj ^ ) iilii- ij\j> ol>jJ 4i« Ojidl V 3 WIJ! 

. *^>JI JjIyJI cl^jJ oJ>>i iiil* 18-4 Jjo^l 0*^3 - (^ 
131 L jua >3 j-* oiii LLU LlL> IjLa*>> jSlI* ^ j o-ity r 5 

I'Lj Liil lij . ll> jliill M fi i>w J51AII J- 3 II ^ ^ 

y <JjU 3 l* tyiy y») - ,^-iLLiil i>Jl ^IaxwL ^LdjJI > « 1 > JiL 
oi U jiyi i \ji* dL*>)l ^ c4s fl ytfLflj ) 1 dfijlii 0 ! >ii ■ 6 ^ ^ 



ROD 

»JU 



0.01 


0.40 

A 

1.19 


4.10 

iwijj' 

7.18 

i^LijII 

0.4$ 

r^ 1 


JiUI 

4.25 

*ji>50%-JS|JBO» 

17.6 

yyt 25% . 75% 

18.0 

jjoi 25% - 75% 
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( /L»ll ; l*yi /IjJ ) jitf- jtljJI JJdl 


Jj*"— Li/ lilt jH ji-sJI JJ ArflfJI / Ja» 1 jl^l J>*Aj 

»ii j- 1 ® j jLi O 1 * o' 1^ ■ i^jU *o'j> J! gi/Jll* 

tx£ Oj^vill ox_* oj^«il jjj oUL 3 jp oojjl ijls Jlfh •uLkJI jLi / 
j-j ijLII oljLlJI ji Ji->y xij i cujll dJj xu jJdiiu jJ>U <Ji-/t^> oljj 

. ^liiol jjj Ojjii ol/i jIXul /fc 0 J^> w oile Jj^/Jl iijli oUlxll 
J_a, UJ Tc Jitf stiJ*j jjJlj 4 a* jliiI / />lill yiloo^ll jl ^uu»u lifJj 

. 4X1* /Jl JJ 

Li**UjJ /£ /x ; ixlill 4 jLj/J JuliuU j/i Ji-iii y^Li ^Jj 
/ Iaj l/LS o*iJ' /ij-l . £ ‘ jifi . J ‘ 0^ 1^57 'ilj 
j_Jl |*+-uJej »Li) j-i 1972 ^Lp JyJ ojuLv l^uliO Ji t ij/Ji <a»1* 

Jl>JI j» L£j. ( j* JjSl j/j ) BCS L/j u>/ 

<L/j jLi i o^i/aII jjjJl j_3 4jib/*JI o^Vj.I! oo-bJl j«L>Jl p^iu i/JL 

p£JI ji «iu*j. /I l ij/j /p ^yj BCS 

</>j <*+& jli It / xWLfj o/Jl tit iAiili ulL jli wjUSJI lii jit; 
j* IjJ* Ci ix/Jl oljjJI £J> Jplty 4i|i J*>j» Jli- L OjjlilJ JyOb L.xp 
^-*3) J-^ 1 <-*»■»,*« 1 ***& 

jj/iJ^I /p J_5j; /JI 3/lj . (^li&b ixIjiJI <ui i-u/ ^5jJI ,/l/ll JS^I 

plf-<! -lUx 4 Oj^V' iIjjJI sxjLU JpUiJI li* »Ujf BjjJI /Lt- ji 

oL>jj jj jJBI LaJj J-^' J jJ-J' - Ojy^^' 

I jJiJl JM> CxiiHj ifij—o ^yiixi oljljll^ll jli « 3 jIIa 1I » 6jlj*JI 

<J1 j-1* J-J j-» <^1 Ll/i Lu j-ij >JiU OjIjaJI oUJI / fliijl 4ip lib U* 

. Jj> jp^u 

olt jjj Tr j_» i j-ijl jJiJl ojlj_> 4_>jj j/J L«jj«i b BCS <Lj/J Lutj 
( BjLp 10 S jy^a£ / ) iij3 A>lj jjjiSJj If^un /JI /u-lll oljljlll 
UUJl J_tu jl lj_l /«Jj . J-O^ll Jl> IflLull j« *Jlx /I jj/ilj Ji 

ol/ >—uL> jj) aJIUJ jbfj>l blix^y 'jj b OyU jb/U Uilxll objjjilll fJ5JI 
iloS ^xJl jLsJl ji jJw US . Jj_> jj/-u jUb Jli* jj_5b *jj 4 J^jll 
Iji-B Ju»jll *i4jlij jji pj j4j J * »«. A j jj J^“ 
jSy "j jj/iTjl. 4-S.j.i.t.H _ jjjiiJ^I Ojtii / OllaJl Jjlfi ji jlfi 
jJcU ji» L j_l LilUl JjLu Ouli jjSu’j , , 4a‘u_ilill L/ill jltl / 
jjpliill jjjjj/SJ’jl jit iiLil ^IjJj aJLaJI / jji/iJI j^j/SJ’)! j# 
t_~/w o}jji lii Ij> ijuS iiU jMj ) 1 ^im j*3.Jul/i ^jji W-Ji jLiij- 
jj..iiLJjl jJj/iM Jj_>J LiuS jjJiu LJ ( jJLiJI / oUj/£J^Jl jjj xcLiJI 
( jjJuJ/ll ) jjpjjljJI j^iuljjjJI jjjj/jj)ll ulj_>0 llxti jj£j jjjjj OhjIau 




( jJuLtil jLjJI y\Jj ) jilt ^lill Jrfill 


5^j J}L> j-« jjJid )jij> y*ijjjl£JJ jl jjj JiUlJl jl iiu*} , jxijltiu 
£*) - LaM/-* jd-c *-W> lm J-*l <—jp Jyljlll yjJI jli pljS 

oljljl*'lll jli I jlkll jJLJl (^4 J« 0 jll i>jj v'jM* 
oU^TlII jw i»L#3j^ll j—<5 jJLp H '—u- > w 4_i*-oJl j« ^ai 

ji 4 iJbJI ai» jij ILlyu gljji j* ijLtf dJ^L J}1» JdyyJI oDjjiSJ] 
i—ijti* ^a3 lifjj oUjjj&Mj <iuA. i Jl olji fai iiLLU Jj'uj JL» jj5u 

. u^oJI ji \jLs 

lf*fi jj S&i) 1 jiUJl Jj^yJl i>jj»lD LuUI oliukdl ji lj> juS jjt Jli» 
20-12 ^2JI JJ olidjJbuH ci3U» j. >j> J^w dJjJj v-aLLJI iJjj nu Jjjl 

Lubj , <illi)l o^Lb^JJ 4 j .j ii [. 'w ll JjHij ^>1 lLj4» (jjfci* jiiUi 

ckujllj oJU ijlj^JI oL>jj jl Xi_>5U ji o_jJi jjij ^i 

*_k»L>Jlj L^JJ J^l jl US' i ij>-& JJUl r> >4Jl yJJjj; i J5UII Jd-syJl/ 
jlj 4 Jilill 3_y>lt 3jj J»S' jjyujl ■ < ***41 jl iltj . uJlSJl JxkL l^lc 

£ 4 -" jJL> jiS1 * <Jkj* oLkjJ olj jl_p ilj 1^» pili ii^Jl 

olj jl^-j jL_3koj[ Ok-alJI jj jli lii . ji£ i Jii i>li» iUfll oiu.k;!l 

<-ilc Jjwo^Jl jSi*i (jjJl 4 JllJI j^l 4 jj^jjluJI jLli i>jj jy Tt 

o* jli; jlLJl jj>jyUiJlj , j ji4& jjjjt oIjimJ u&h 4 SJ yx» iilftf y>Jl jj 
^1 jj JjJJlL Jj £I Djl^> C^jJ 4 X>lj iuue ftjljiu luLo lit iujj 77 K 
, jjj^l jjSJl j* oUijjUjJi JLsiu* JJ cjijt Tc "<3>j> bfjj 
• ^ 45^4^ 1986 |kU |u (jjJl j* Ujuj 

ojL> jS 4 77 K jy o-j*JI ol>jJl olj j^ISS'I > ojjj> Uiyi jli 

Ajl^> 4 ^(L>jJ i_i£ 4_iilj <uLay Jiyi iJJl JMU dliw» . 4«AUjLjl 4i<yJJ ljj4» 

ojj) j_| ^JLpI L>y jl j,|l>li)| jj jaAjj . JjJib L^Jli y 120 K Jl J^u 
r* ^v —< oli,}^ j* ^ISJl jlj l^J J^>yi jSi^ voLvjjil 

Jlj 'll j-5lj»ll j— • JL*4 ji j jj>J ji jit . ujjyJl JJi-ll ji Li»£ 

L>UusJ Lfxxu» jS^j "llj Cji jl Jl JJj^ 4 Lilii 

■Lilli CjX-oj* j_C 4 * I > J lj Jl> 3ji jlCj , 3 Jj 44 oloi XwJ ilVJ-O l^. L 5ul * » j 
^jliJI jjill J\> iilij L_j%j ULc ^yjLH 'tjtij* ljI>jJ olji 

^JjuJI JUI 

: Jt ijjli j^Sil j! J-«Jl Ijl* v^4f)l ij j^ll 

j#l*i {j) 4 jySi (j) 4 iu«iiii (-A) 4 pji jyii ( j ) 4 jju»Si (_>) 4 jLi)i {wj) 4 _j*i—Ji jUi syij (i) ijjtu ji 1 

JljjJI J* <LaU' jiljjJl ( 6 ) 4 jj-ijdS ( ]> ) 4 <ddj+SJl Sjjiil ( £ ) 4 Sjlj>Jl i>jJ £4 id4jlill J MJ 
■uL>lJl ij»lill ( _a ) i cuj^)l UiUl 5yJI» jijUl if^JI jji ( J ) 4 tti&ll Itjlill ( dJ) t iijljl)l jl»j 




(j 1 " 11 ) r* ^ 


. <J»^ o'ib- / = A//A< y>UJl ■ ji 2 

, 3jilj)l J «ilxll iafl-Jl j^ jyJ j£ij jlj . 4 h i .11 ijilJ jiLJl »~iyJl j*Jj yl 3 
b*jAi ^jUIl jUI sl*il jji Uou£ .^ki j^» ik li p^Uu ^jJ* jl jSjj yl 4 
. i^l» o"^ll> ^ji yjllj pjjQuii yl 5 

. lljUl wLUl «jl» Suj'ij CulS OJ dUl yl iuai 4aLi3 iijUi I I I.>‘ ji 6 
ijlj-»Jl £» UjJA 3 JlUlj iljlill yj£ lljjtP liuXJ jjlj> lt£ ilL ItJIII U4t! ji 7 

, ijjyAl OjUkyl 

, jitaJl jlrfiJI 0>0 Juil ji CjlL ji fjlil ^ 4ju-All ji SjjSill Sjjill ywni) r = IV ijjDl <IjUu pjL>OU«J yl 8 

. aJsuLJI oj^ii jjLj jl 9 

v oUjliij i oLjjllw jIp Jji>Jj Jljill ^ <Lxu ijjlJ luJL )ijjni\ iklm t-ASS ji 10 
• jili* ^>lj fjl*i jj iijljjJl jkj JljiJl jk 4Lull oUjliil yi 4 juju iCjiAi JjiiJ yl 11 
o'jiwj oltjUij . oLjLL jk LSjl»j ji)l yii-ll jLuJl y5ljj J*J jJ-tfli ji 12 

r L-jS'l 4i»_wly wijV .ill jUJl y->L**Jl JJLJO jlj 4 j> jjV Oyilj i»kx» p-»j3 yl 13 

. yu j2)l 5j-4_vSll j»i; Lijop IJjill iijiUD ulikll 

, jliSl yhi 4^>j yi Luu l<iyf£ UJjl JUu yi 14 

1^1 >? *- * * ■* Jj • Iffjil lijl-** lil'j l« J*jWl Af?Jl jl V4“ £/*> J 

• r J / J 'S i> Ji 0^15 


JA>X> 


1 ampere (A) = 1 C/s 

1 ohm (il) = 1V/A 


; A-yljjji HjJm oIj>j 

(11) ^Ull oj>j 

: 4-ujLI olijjxJ 

(T) 

, iluyfill <lxjJl _«3Jj JjJU 4jL ( JjUlSl olj>jj ) ^vfSJl jLuJl <jyu 
l-hql&l 

, <ji>jll <1 >vm)I jbj-i obkjl j» jLjJI sUol jjLj 

fi' (R) 

1 UJ iLLl Jl * i ll jLiillj Ji rti l l l Jft Lj^»)l Jji yw U-J Ljj ^ic Ajiljll y-ollc yi j-oiii ( pjll olx>jj ) lijllll ijj*j 

. olijlii l^ii Jliij fji jjilil / jV^ji^Ji^fltulJIuJLfJ^I O lijllll ^-iiJj 
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( j*k»il Jjljj ) ji* J*i)l 


: la)i> 

jS»y . jj_»Ul fjii > Jii** c>j J5 y jl^5 JS j^j jl "Jlji iLLs L 5jib ijy&jjS ykli flj&Ll ju* 1 

jLi JSJ 1U0I jl jLiil 

£* UiiJl a acL i jjai fitliiii. JiSl Jk J*i* a»Ij jl* jlj L^i J^j iiOi JS iJbiill diS* 2 


. jLull tUo'j JjUi>l 

, Djiloll ju?Up t> JA^A* Ia»Ij j-aj t JiSl till** 5jjP JS J* BjyJI 3^Jbu iliiij 3 

: Li' i>jji ApJl oljLu oljLi^l o~uJU 4 

. y»jll J! yJl«JI »> wJj*aJl jji LjIc AV = ¥f> ; <Lj|jJI BjiJI jl olijlkJt _ i 
. jUU *iji>l ^jJl jbjuil y pjliil jtt Jj>I! Lik AV = -IR ; oLjliil - y 
£jW Jj yJL C> UI Jj>K Ljup AV = +qlC oLiSl! _ _*■ 

, iJlw SjLij axL*o jljsll illjJ 4 j~uJL JjJI jli oljLull aa*! lil>L> 1*1 >ji oji>l Ijj 5 

• ij* *££*4 £j* ^ j“-JI jLji)l j £u 6 

jjljill ^kj JIjSlI jle Lm iUll oLjliil 
Jljilt^iUI oLjliil 
: y JljSil Js. iUll oLjliil it» n j a*J iSJISlI ylfll Ljliil 
( J* ) i?n.| = /2l + /?2 + #3 +.+ Rn 


(kjljdl J* ) 


Jjljlll jit 4 JUHI oLjliil 





. jLxjSLw jjlyJij JljjJl ji Ijjc L^i oliiill Lulll lj y acIjaI! slut 1 

c«l$ Ijl) LjJix a$_> jjj If-u J_£J ^jiL Ly jLllt ^ ^jiJl ^ Jljil! <La 11I oLjliil JS J*>J 2 


( Lllx> oLjiill 

Ijj) 4*li>u BjjiL oljl^ J*>J Liu j^Jl jji SjilJl ^jj fjj y jjlyJl ^k iLslil oLjliil JSJ jj£* 3 

(1^111 Ullk> oil5 

L SjjlJul J >JI af>Jlj (EMF) UUI ijJJI 

jA-a! L*Akj . r <J>b LijliL ^_i JljjJl j-k J-aili Lu^iUl uiljJl 5LU jXoa 5jib y iLsidl OjlbJl J **3 
! Vt JLi)l yjUl jy>JI ^jk J« a >uI IS 6 ^ ^ >11 jji jli 1 IjLi LjUuIl 

Vt = * - Ir 


’ ri.iiij yjkl 'j>h ^li 1 (1 f 1 >*1 Ak ) / IjLi yin LjLLull oilS lj] Ll 
Vt-«+//• 


: Oil> 

BjiljJJ l^L pjjil jLjlJl jlj LiS SjiljiJ <»Jjii £ikk-J jjJl Af>Jl J>Aa34! 1 





( jamIi jI^ji jjijj) yk j<mH 


'IjLu lf_J ^4-0 vJ>j ji OjLtuJl j^SJ ULfcJ! »jjk t oUU <Lju 0 <ul>b i*yju OjltuJJ 2 

4j 1>|J| Lpjjli» ojI\ LjlLull j*£ jlj Ubj . LjJ Ojjlill A*iiill j»£ Li ujjJt <Aib oj itfi iji+S 


t^L» *i£> ji tLLI lUiJl JIhlijL i'iSii Ju£ . ^lill ,‘ll^T.j; jlyJl jl L»U>1 y^LbJl jA«j 1 

v pliil ^ jiL 'i jUi jl 

jl JJu>i uLjSj V 1-4 Sj-iljJ jiukio |l-m ji y>^ll i^_9jUI (^1 4 b wjJ> ujyj jl U i^jS 2 

Y »Jk (^jJl Li ^jlL kJJ> 

i ( J_uiJI ol3 ) i_»j>yLll o^LuaJI j-c *j—oJl ^LlSI ji jiSl ijl*ll ^ liu-ij^iJl Oj^l 3 
4_Juu jjJl j_i jjL^i Wy> ,Juu ojwj^UJI yli C <J>ljJI OliaJl jl jA SJ1 y-Aj JU»U jit *jj jkii 
I . Jiljj SjluJ jpiUll U^SLi ji JJU 4*j»yu Oki-^yj *iyu ji>u yiili jl Jjl> O^yi <Wf 

♦yili ^Uuij ^ i*us Ji! cMyii U*aJi c« 15 ijU j^li 
J] oiyi ix-ail uie$ ( I) 18-1 ( 4 

. Liilj l jln oLil iifci—L. J_Ov) lij-Lt jlj> 
o jlj->JI J->b J! i-4-» <->^jjl j-* ikjj ‘111 irfLwjj 
ijJljJlj 4-uLll Jj-llJl jj»i 4-ull <_>»l jii-Jl 
l\' • (v) *3*)l j 

lb 18-1 f JSA 


4 


\ _i 


I f 


(J) M 

jj f Lijjl ji 'j *11 jj ijjj JLi* jLS IjJ L*£ ji j n>' . ^s'j j£ij L_ii b j u ^jU. J^j 5 

. uuSii 44 »JIj OjU»aI u-JL; JljJl Jii ? h •lLuLIJI J| a <LlJI ji if>JI 
i ji lijlL jjii j4 Ub ^Sl Aj 315LII iijlill j_jSJ JiyJl <Lull oLijli*ll <u-Jb : JUII ry 1 6 

. 44illi yLal ji yutfl ibLill <LijIa 1I j}5j iijlyll 4 JLa 11I oUjLuU O-kLj 

j_i LoijJi JjUjUu y-Lil ( lj_» ^Ll* ju»\ «i Jiyll jk Ljlk ji - LLi _ j^y jlf^ 7 

JJLl s±iIj _>■■)! bjl5 j~b>i) kij^l ^ILiJI JiU ^4J 0.02 A ijljii IjU j| . J| li^! 

? \&S j)Sy Ji* j« 3fUl jj» ;bii ^ U 

Jijij jt -£i jiibll jj^lj . <iJuiu jnJJ Ji3 j y> wi 1. i *sI jj-fllll J^* 1 Jjl y 8 

? IjU . jLf^kJi jjj <uy J! i j>~* i*f ji j4 ^ijl jk 0.02 fi F c*-i uiil <k 2 n F <!*-» jlil 

'i -ilLJI jj 4iJ»> j|j i j-jwo 13Uii i olij'il Jt Jl*ll opJl JiLii jk j^UI kpj 9 

Y JjUi uU 

jLi lij (>SJj. (^sukk-JI >lUj jiu»i jii j4 L» t^Aki Jy i> j* o* ^ ^ 

j#jS 3I j-4 jLJI jli y ji* j*-ail j4 jt-u^ll jli jJI j-k J! ji«*<)' J>a>J b* jWl ji-** 

• y 41 • p'W 
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( jLJ! ylljj) yt yalDl J*i)1 


jj-« jo>J jSJl 4jJj>il JalyJ 1 * * * S * * * jiiU . ( jwlill) Ly^SJl rjL>j ^ yjDU yfJILl s r ML Ujj> Lib yljJiyi ^11 

Lrf OJjj }U*i—u rLiJU .ifoLJ ^Jv li plj }U1 b yi y ^Ji>j Ijlt . Ifj JiUl ljLoj J jill ii.LaJl 'v- 

? JifcJI ol*> jL> jl JUa j fii Jaj 9 ‘Lj+SJl jJu AL! <Laii d}L*)ll jjSu liJu£ <J»jA« ^ ( <sLaJ) 
u« jjii _>k»i. if *jaui ^ 0^* *yy* ®y* j j* oy-sti .iii—< yJt yi j* ^j^li ^yi 12 
^jLUl jjUJI ciii LjL y ji illLJl yJul yJUl 

9 Ijlt . ijjkiJl |iUl> 0 u«^I y<ay> j yySJ lit ^U>ouiVl jay- jt yji)l^ ‘l(yf5ilL y>->Ij jl+> JLu-d yj 13 
? 4j>jLLuJ1j Jwu jLj jlyfr jifi jli*Jl J'Sjln^ll y-L yLii J* 

JjLw 

18-2 j 18-1 jUJUl 

Li (wj) V olfL Aiji ji aIuuII j'i> yu jjJI <i>L)l jljil jJ> ll ( I ) . 3‘Lj] Luiy J^l> 0.5 A Ojljii jl^ Jki 1 

9 <M*y)l jyiill ejjk lUJI r Lsll JM» yjjuu ^1 oLyi]^' JJ & 

9 uJj J5” LiLiJl y^iu oli^yfO^I jo£ U . 56 fi A ^yiyLJ; ^ V )y&yj\ i»j>JI jL LL 2 
Ijl^J U tllLJ ijiylM LL o-L» J^l> ,> jjyll ^ 64 C UjIjJu <ixi IfjjiLJ yill 4*1*jJl Syitl Jy» l* 3 

?72A tfj L< 

jl^ ^ jj LjlUl J] Lull 41>.lll jIjIL L 8.0 h wi LjlL J^l> 3.6 A oylji* IjL ol*jlb*JJ y>*i jl^> Oja** 4 

♦ijSill ^4)1 

v 1 i jit I ala LjllJl yj ajUl LxJI j\*L L 12 h a^l 2.2 A JjIjL IjL L SjL- LIL fy 5 
L^jli yt Li 1.0 X 10 s m/s UjIjL *Sj*j 2.0 m Sybil JlL yyjlj jL» y +1.8 n C UjIjai ejyiL L»L jjJ 6 ■ 

? L^L'il ji oli«yi£]^l L_y>J Jatill jlull y L . 4jjlj Ji Lfj <**[ L^jl LlL HjyiSJj 3.2 x 10^ pL-jj 7 

1M j 18-3 jU»«<iJI 

V LujJi iijlii jM li . 40 mA y^w ylll yLJl yti L w 3.0 V l^iy i-ju> rL" ^jtL Le 8 

S 120 V SjlLL ' j Jj ■ j I ■ '»j‘ ±ii. L$j jjyi jjJI jLjJI yt li . 300 H o»U>] <l,waj LjlL ^IjU 9 
LjlL >*!.»!< Ijl ul l.ll y J"A> yi^ 1,5 jJI jl^jjl ya L 30 kH J* j>H kJyib y* ilijli* yl ytfyail 10 

? 9.0 V l*jy 

? jlf*U UIL' Ljliil ^ L 120 V tjljL jLf*4 LlLu lit 2.4 A sjIjuu blu yylll yy^Lilll jlf> H 
? 0,25 A v jUl jljill (jlS" lij 24012 rJ Uu ^ j^Jl o> ^ U 12 
ifjjl yyi> ( t ) LLe jLJI ojL ^LGLi pS . 120 V 0 JLf> Lrfyi oift 0.40 A ajlji# Ijlji U ^jli* J*»«i 13 ■ 

M44VJJ j^tJl (y) i 96VJI 

li[ atLi^ll LLoj Ojlii L . Jljjl J -U I** ILali 1.5 V l+b 3y O^jtlv Ja^ oa>JJ 14 ■ 

9 0.60 A ojIjai IjL vi>d oul5 

. IijUi i>ji . 9 V a jtt JufJkJl jyi ^ySu LLc pjilL J^l> <UL aji 6.0 X 10'* Ujljia iia-i 15 
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( yuJl jLwJl ^lyi ) jitf. jitjjl JJUI 


• 20°C Sjl^> i>jj jit 1.6 nun ojtjj 24 ni aJ^L ji ilL lijliii jl>jI 16 
. 20°C ij\j> i> ; j jit 0.160 m 40 cm <I^1» LJi j, dL UjU* a>ji 17 
0.3 A oxi ^ j)j* '-»-£) 9 V Lyy LjtLu *& dUl Jyoyii Jij .^JaJI dUl bjliu 18 ■ 

? JJI JjL jjiu , 0.80 mm yi dUl j» jiHl »j>Jl jLi jlS lili , <Li'L dUl ji 
Jaill li* JL ji jU< ixiJ j-iS‘1 jl^l a>j . 1,024 mm U 18 <iij jjjl JJI jLi 19 ■ 
0-. 20 m L^jy, i*Jai i^jUu jjj-ji (I) , (li* lIi.L ^ dUl jli li* j* jl^l i\j I5|) . 12Ay» JJI > 
J**J cuJtf li| (i) ji Oj^iil JJI <Aki yjL j* a^_>JI jy ^ (y) , 20*0 5jlj> l>jj jit JJI ljj» 

V12 A ojji IjlrfJ 

ilLJl (> J^t j* U . dlJ *£+i ^ j (> y* jil 0.25 12 <mjIa< JL JjjaJ jly 20 

? 750 fl ^ jl y* ^ dLIJ U<3I iijlill aJIS Ijl MsJ jSL 
<-")!** >*ll jW* U. i>jj y 20 a C jup 30 jn ,.>.'11 dL ji Jl* flaiuJ Juiji 21 
1' 20”C j* v-jJUL 4X jljiw Djlj*JI i>y jJuj Ujic 

J^l 0* I . 1-0 mm ^JL jjJl JS^jJl dL j* iiy oliju y j*LJI jJt 22 
t j^-SJI ^ ji duI J> 0^ ^ 2512 (Util iijlii oils 111). 10" 6 12.m i 

SjljjJl i>y ^ lajlill jjtf Jib y li . 50°C jit 166.6 Q } , 20 4 C jit 156.812 JJI ji JL LjUu ft 23 

? JJl Ijj wli 

V 36“C JJ 15 ji Oj!j> i^jj yJuj Ltjif ji i> .i nl l Jt dL iijlii _vuu) Lyil 4jujJl Jk U 24 
■ 20 D C j it ju~*>iiJi Uijlii jJi j* ^y^l Lijlii j^Sii ijl^> i>jj ol jit 25 
Uaill jj dLi J^i yA Li , 6 V Itfjy OjlLt J»ey l»juP 0.2 A 4jlaii Ijl+i 3 m <JyL> jja>JI ji dL J*>i 26 ■ 
? l^yi 6 V Lyiy OjUsui J-aii Ujic jl^Jl jtiu Ji>^ 

18 - 5^11 

±++1 J_*u UjJ l^ ; li* jk U (v) ¥ **»J jjJl jLdl jIA U <!). 100W/120V lyjp ^yLi i»Uj SL* 27 

V120 V 4_,ljii 

c jk U (k->) V <u»wj jjJI jl^lll jljti U (I) . 120 V ojljii j^j>- jjL JiJ 15 W jL- u 28 
jl) 120 V tjljii slidl J-oyj lijJi . 4 m jii»**iijl JL ji liji. iljjLi ^ j^LJl y<»it 29 ■ 
f JJJ jiylJl aImII b-Li jA li OjJtJI ji 1500 W 'll ft ,i~« 450°C J] J^U JJll 4jl^> i>y 
pj-* jJ*l ? 88 9 C Jl 23 3 C j-i dll ji 300 g 3jlj> i>y ^ ^SJ 500 W <5jji j^u ojyi ji ^5 30 

. f 1 -^^ J! ^ d W 

jJl UUJl ^IjiU li , 280 mA ojIjJu Ij 43 iijitj 9 V lf»y <<jU»w lyijJl oUl^ki^O jlf> Ju^ 31 

V Uj % 

? dj>JI iixw tijJI jLill jIjL li . 120 V £ii \( >11 Lkj J ( jL> ) 0.5 hp O^ji d^xi 32 
olj yL5 yd (y) V 5 min. iyi j 76 W Ifiyi 3»Li L-y lyuU ^yJl { j|jlj> 'yL ) olLJl jIjL L (I) 33 

7 iyill cjj» ji J L+ u i ItL 
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( jjjuII jUlII jjljj) ju* jjlill Jtdill 


l 


*Lu3j jj *;UJI DjbjJ ukJl U . 132 V t^k>J if>Jl TVjUjlj jtjjS k> j-f> ji Aj_> 34 

Y j 5 j«ju 'll IfjUjlk jl j*jb 60 W/120V -utijl «L*j 
iiLUl kL.. oi< JaII joc L . L*w 12 h i±i 200 W Ojji fjLJt jl>1 35 

? 0.068 $ y *1^1 <> olj y^SJl o^ Ij! iilSoll jlji* U f lij. 30 ^ 


18-10 JJ18-6 

. jjlyjl (y) j Jl*jJl jk (i) J_ulu Lik 1012.612,412.212 oLjtiJJ iiilSill kjlill j>ji 36 
^ Li . 4 12 r jUu £ JIjJJI Jfi kj^l oJlflj |»j I tfjljSJl jk 611 i 311 , 2 £1 ^ oUjlk A* cL } 37 

? ttiliil <.jIa1I 

L (o) kj**J i-jWI a*ji (1) ■ 9 V i^Uv g» Jljsll jk 10 12 i 2 SI j 6 12 oUjIi* iWJ c^j 38 

• J* j J^ 1 J ,j ** 

jLJl (y) . L6 _jjjk»1I 2_kl£li kjUil (I) A*ji. 9 V <ijU^ tSjlyJl ^k tyLJl ULlI y oUjUll oLoj 39 

• J* j*j ui 

, ijjUsuJl <jlaiy , 2.5 A iiilill Jy> jlil jLsII L$jlj^ jk 612 j 412 jlijlill 40 ■ 

jUJI (v) J k^JJ iiiisil kjlill (I) otjt. « - 3.0 V oitSj 6 12 tJSb 18-2 f JiAll ^ rJ li. JS 41 

«t)M o* 

J_5 oili Ulu ; 4 S2 5*—ijll oUjlill JS oJtf 18-2 r JUI ^ 42 ■ 
jLull (lj) j L_cy>jU 2_iil£il kjlill (i) jj^jI . 6 12 k^iiSl oUjUll 
. «= 3.0Vail* lij LjliJl o« 

. o*J )\ JSS jUI jUI j*jl 42 pjj AjLil y 43 ■ 

18-2 ^ JiA 



25 V yA 1012 jijUeiI j^>JI Jjj jl5j . j+>iJ jJ-m jM JlyJl jk 10 £2 812 l*4A>i ^L^IL J-?j 44 ■ 

P Jkf^JI jXAt <> jjUJl Af>JI jbi» U 

. 1.2 A yk 812 J^li. jUI jUsJI jlSj . AfjJJ jj-m jjljSJl ^k 44 ilLil y o^jJI o^Uil 45 ■ 

f a^Jl jj-cu jj jjLJI xpJI i>ji 


^ Ui iiilSIl iijlill 46 ■ 

L>vk S rbiill j^Aj I il'iP ( I J . 18 3 p J5L« 

jULI jLjjJI jj* L> (_>). Lilk Ujk (vj) ^ 

v liU rbili ^ L^k 412 ..'ill JiU 



18-3 f Jii 
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( jLjJt jiljJ ) ji* JrfUl 


. ik (V) < <>yi* S £il\ Lfc {I) 9 fl pM J**- jU> jW» ^ 46 fij SJLlI ji 47 • 

S Ute (i) c*-J! <4>li j-* OjO jjM 30 f jUil ^ 18-3 f Jiijl y 48 • 

. UUj j)£i Uji* (y) J 


J_iill ji jjJIjiJ iiilill lyUil (I) 49 ■ 
»jSIjJI ji 5 H ^IL JS it*! oJli yJ 18-4 f 

/i j_*jl (_>). I o*y (y) . LfUSl 

? It jljii It ( J ) 


. 6 £1 u-ijll oltjtiil j* JSj 4 Q iSjLu oUjlill jt JS o£» ^ ^ LJ| i,L l | ■**' 50 1 

6V . 18-5 r J£JI j h * h t /ioljWl^ji51« 



|—VvV 

Hh 

l 6Q 3V- 

l!L_ 

~\h WQ i 


pi p£i t cult ji 18-5 ^ JliJI <y ^ &2 1 

?Z»i/*;/i oljUl 


18-5 f Jii 


iQ 

t 

.1. 


I 1 

l / 

6«< 

* 1 l [ 
>1'- 

— ii — J 

—Wv— 


, c-Ui oi* 3 A y> fa jl^lJl ji J*j 18—5 ^ JiJl j 53 ■ 

j % injtiil fafell SyJI (y) i h \h jjjbiJI (1) 

. 4QpjlilljfP 

^i 8 V JjU f * oJtf OJ i 18 6 f JS-iJi y 54 ■ 

18-6 ^ JiA 3ii ^(ili^ ^Jl jjj (y) j/a i It t fa oljOsll (1) 



& (y) j o iplJI ju ♦>> j-» ojUl oljtyM ( i ) 18-7 f JiDl J 55 ■■ 

. fjk J* & 


18-7 r Jii 
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( jbi)l jiljJ ) ji* JrfiJI 



. ojliil ^LiJ Ul^>l 18-8 ^ JJi-J! oy-^i^ •jkui p 61 

ox A f^ < Jy o£j 4 u-tfii jL** ^ J# j* V ljJI oj|j® 

JDL» jl_jj j*^ 'll) iijS« »j5IjJI o^ Luis 4ii o^JJ . IjLs D ^ B 0 j&**^ 

. R 1 IR 2 ~ ft/ft : IftLM Jbo oLjlill ^ jji ( G 


Uiifi o'j^ ij-^ 1 oili li| A OjUil L**i ^ L 18-8 r J-5LsJ» ji 57 • 
. ( 56 2jUl p ) t ft = 19.6fl ji?a = 2011 i ft =6011 


0^ Lji* 2.2 A ijLi >Sl Li 3.6 V t 18-0 f JSL3JI j >iilyll ijif 58 ■ 
• % (v) _j R (i) J^ji. j* ^ ol*Jl 

6 V 0,0 JM-» jLLI jLuJI olS jJ % JMs L « 18-9 f JiiJl j 59 ■ 
? R - 14 Q c*ili Lju> \'jL> 

t J l i ,Sl(1)S*ly t# »U»R = 8n J «= 2 8VoJlSljJ i 18-9> Jiill ji60 ■ 
18-9 f jSi 


S r 

J— m/v— L 


120 V 

Hh 


pjlill jjujj Af^JI jji 4.0 x 10 1 11 4 jL*4jJI yj*jj}y pj*3-* 61 ■ 

jIjju U < 1). ft = 24 kfl j^icl , 18-10 p JiLUl l»£ ft = 12 kll 

-\\A,- Liiliil J* L. (y) f l>yi* S ojSj Lja£ R l yt Jf>JI jj* 

Ljj# R i j#p Of>Jl y L {->) V Ll*j S Lilp DjJIaU 


v UU S .tiill 


18-10 f jSi 


18-11 ^ill 

l^jju iLJjJu 3jib jjljlJl Je> 60 Q o-jyj 1611 LfUjli# y> !■»♦>« ) 192 ft J->j 62 

jU< jUjJI (_*) i jfiJl 1 «ai ja£ j**JI jji (y) i ijilJl J oljLJl (i) -‘♦J* 120 V 

jiiJl Ctu.x» JJJuul iilUl ( J ) i 

^ iJu J_ui Ifjty 600 W r U>J 3lji»j < 60 W 1200 W >> **-o« ^ 120 V ^ i-»L> 3jib 63 
? j^-all Jj*I) yiij jd>\ L . 40 W l^jji LiLit iL-su JkiJ jit ( jjjill ) i>"*j 

4jjji Ox^ jWH’j ‘ 40 W Lpj JS ojjJ 3‘UJ ^uU* 540W l^jjji ULpj 1500 W Jix* o Jji* 64 

? UJ j!p (jyll) jf-tll Jfji j< y*. jLh ^ ^ l* • 120 V jiji jilliiJl lt^ 0* ^ 
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( ^*k]l _pijj ) J* jotillJktJ' 


• I5A jjSil »jU i Jill j^-all jl jjj Jji< ji Lftlkud j£« ^11 75 W ijjill oli o%kAjJ< jjtf U 55 
(jl Ojfjul Ijj (I) 240 V ojIjJLi ±k J-iaj Liic 3jjuUl ji 2000 W dlfLo ji 66 ■ 

jJll jjiill jIjL Laj (y) ? 120 V oo^> jX** oLaj lit jLJ jo L i>k U jIjuu y» Ui kjUu 

? 5JL>JI OJA ^j3 I •* 

1500 W IfJjjj o^jl p 30 A ji> J j>L Bjib ^bli 120 V o^IjuU j+*j J**i iUjii 5j5U 67 • 

J-**i jl ujJ L#JUa 5«^I U ijJ j-aji jA Li. oiyi yJLi ji rlj-cwj 2000 W Lfijjj yVo^5 

p ijSIJI dL3 

18-12 fill 

jLjpJ 5jl»Llll 4 _u^j j_i ha j jijUl Laa^ jtt 4luu LjLL j* 5.2 A o^lki jLu iLjk 68 
? i<,!M VjM y ^ 1-28 V Jl 1.57 V 
V 0.112 l^ujliuj 1.57 V IfJy OjUju ijj u>w jLu, jLj *a L 69 
ff* jl* 4.511 |>jIa*j 4^jUafil jJLi J +ay jkj AjjIIjuj J^jj l*Jk 0.2 A ojjiu IjLi y ».ij 7 f! ^.jUu 70 ■ 
VjkuU iJWjJl lijUll (y) j («m0 kiljJl iyll (i) i>jl , IjiljJl J 0.3 A 
<Jli jrLw»il i»Li| xkj 1.5 V L^u ijij Jl^ill dsui AA ^*J! j« objll^ J*\ y*> ^lyo 71 • 
? SjjlL J5J yliljJl djiill j* L . 3.3 V JJ olgijlk^JJ ^jtJl jiftJI 0.5 A ojIjL IjLj y>-*j 
. 5011 pjlL jxt 1 ^ iy> y ok 11.76 yfit) 24 12 ^jliw <Lui jjSj Ljk 11.52 V y dyu OjlLJ ^i^Ul jy»Jl 72 ■ 

. 4al>lJi LfkjUu ijSj ijjLtJJ (emf) a>*\ 

(v) ; 'dij^ *al>yi l»*lili ^a U (i). 9 V LjlL jtt J-aii \j >jk 150 mA tjljJu IjLj 58 12 ^j'Ju 73 

f . l+J+ay ok ^jUjuJU ^jLJ! j^j>JI u-dj ^ 

Ajilk] JjLm 

OjUa^U . 12 V JJ 8 V ,> jijlili d)j jf> jL^>JI jj» ptji U:k 2 A jl-ud U ^1L ^^1^1^741 

*o“ 

ok plj>iwL l^jk Jj—x>J ■ ’ li S *; k^liuil ullkil pk)l ja£ Li ( i ) , 812 j 512 . 312 jj> oUjili ILjJ 75 ■ 

V ill> y Ui oLjlill Jkw JLj£j juill ok U (y) V oL»jfill 
4lLJl jk |iJ , 4 12 jA t ytuaJl da ( La Ua o^lij <Jd L dU dlil* kjlill oil^ 76 ■■ 

. jjl djlll ojjjjfvl lyUl i>y 0.4 Jo Jjlkjj LluLi oijU 

. kJl jlf>{ jJjb Ct*J jljku ^ dUJ ^JmII d&j ^JiJl ^x»Jl ji Jso'i ; wid/ 

Jlyll Jaw Ji# Ijjj- ^jli» <ik Jfi 4012 AjUjUu jjSjj 5jlj>JI ^k Jji\ "l ^jlk jI_^ 77 ■■ 

? 20 C C ik pjlli Ji iyik j£j ji ^lll kjlill ^iS jA U . ji i —1.>» ii lI ji ^lii w 

JL>aJl jlij i 3.6 A ojljJU ijjlbua oLjjt Jyj r - 3.8 x 10 1 nun o^loi kwu jJj J >&u dL 78 ■■ 

dLJi djLi dijlk jl>j( . 84 V/m a dUl Jjlw ^UJI ^^il! 
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I 


( jUIl ) jijfi 

pjLili ojfe *>£ jl o^i ( 20 " c ^ ) 9 “ Ch ^ £* J'jill > •> f)k S*i 79 " 

9 iejA*J! iyli# J> L> ? ijl^l i*jJ ^ J4iw ^ iijli* b£> j»» 




yu->l 18-12 f JSJI ji 81 M 
i C j A jiiLiill jtf J+^J' 


LjJ^ 5.76 V jlSj l>>fe S jrUili (J6 UjJ« 5.8 V oLi .up U A^Uafl j)l\ -^1 b& l 8 " 13 f J^ 1 j 82 " 
. LjlUJ r 4*UIjJI iujUMj % * 404 $' WUI Sjill i>y lib 


. 30 Q 

15 U 1411 

-VA- 1 —VA— 


-VA-1 h 


18-18 f JSA 
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jirfgriUl 


yjL>J j-i Jliti j>j_j Lw^i 

0 aj^UaII vjlmuJI jl Ljjj^ jJj i ^JbIIaJI JjLlu 
jl JJj xju LiSjji yi>*5 jUi ‘ 

yUarf! jij i jiuuJI V« i-jjUaj ■dllvj w'lLi^j 
J_ 4 ju <L_h«jSl jl LajI Lijjflj jiUuB l^lwuil 
jlol*L iJLdJ L-aLLi^il aLp^JI ijt\ jlj JiU tr JpliM5 



JLaJJ hya Cju£ ijijJl ji LiLU^I ^Ljii jjj fiyiy j*L*j £jl j^ 0*** ^ 1*^ 

fU jj> jUju/lIl v_jJiaJ j^S?l ji . j,uJl iJ^ Xw (jpUfcJl ^ fk** jj j^liAil 

vUUJl jli i Ijjk \j*y ,j> 4jl J<. o'i'bJIj oljl^ll^ <*"j 4 j~J»La]I ji »UaJI JuHil Loif 1820 


jl LijIaJI Ji-jili jj jjJ ui^-j . oli—^I jUaII LfJu £_i *3 ^Sll jljllj a-J»liAil# jLui Ljj olilioSl; uyy. j^lji H 
. L_uUIa 1I *_ul»* (> y* Ipiyfy kirLulsLiAil 






j n ij frLil l JlxoJI k4a>j 19-1 

IjjjL j-pjjl vlijjj! jjji *A£ ii* Cj-uLUaH ki/bJLft* jdsAi oS-» jiJ 

iJUUJl j^x-aJl ji JjS'l oL^UAll oJISj. oLwtliill JjL 

i\y j_i J->\j J^JaII jl j^l (jjAJj . yJaliill ;*» ^5-^ 4^ i^ij 
J_S*Jl yJl jlpl »jjij . f-ib kjAilH jU SjjiJl u*!> LjJ <Ui 
. («jua»»uLu «(jy» <*!$’) -> 4 * j*-* oJ^ij 
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( Jrfijl jl*i)l jiljj) ji* jitiJI J*aJI 



f li L> jiil j jSj 
u j«ikk4 )+* . j*xi 

• IW' Sjrf! ^ v4i 


Vf-* <4* vA 0‘^ ,U *- J iifcJj# 4*1 •*# ^ *+yi 

■ uVU^ll Llui lif. iiLli jLaa D jA jl 


jio (jl jJUj (^uLLmII Jj*> j_* iU k La* LaJs] jl j_*jjl jj JUp uij 

JUill J»Uj jL>j! jl^jl>J y If* (jLu-u luljj iLnjjS' 4 Jm» ikJjf 
jli i JLxll Uy* L—JjUaII iL»yi 5^)' *iuxj LSj t jil/bJI 
jltl J-5j jtfjjU j^LLaII JlyJl £• 4Jjl> Jikaj slaao <>jjf (^>1*11 

cj-Lill jL»i » ylWVi ^LaII j*> <j* ^jloll ^Lii! ^ij, Jt 

wij_Ul 1*1 1 j ..i )iWi »ll jLill yLtJl y* JUiH yLJU! y>J jfi* jil! 

sxj—i lju* U»£ Jl Uiaii»l iij . j,iitili«*ll bjktli J J*Uil 
, ( 19-1 JiLiJl Jajl ) iltf vJl ijjlj jlyaiJI yal^i- J| ijLi)'l Mt 

ji—fkdl ) (jd^-^Llulil jfabuJI jf 4? iii h tl*fD LJtiJl oLwIjjJl OukJijl oJj 

(jLUIl yjL*ij L*iu ^>*^1 £* jljiljjy ( j«*ji*JI j#*LiJI ji jJLill 

^jj Jij 4 <#jf£II 4ixJl j6y «Jl> viiJA* LlJ bliLJl Ijjk UjSjy . jlilixll 
1 &1 jl* . <U»l>l yU»il jl <,4 *»J>Ua* « £j\i>J> » ^ jji<Jl aJjLxi Jl tLLJl Ijjk 

Uljf-> O.L* ‘ J| j-ukliiil J~&> iLJjj jJslii* ( ylaj Joiu jl Ujl> IjJ 

^ 4_JaJ Ufa* J-SJj jyJiJj}- j^uuLliAj <nuuj j«-Al' j .ii U >«ll jS i Jji «JU •j*iw 


:1»-1 Ji-i 

4 —ilj U (j» j Ui«t l jJlaiu'l uiiR «j JL) 

•j— Jl JUi» j ill uLW 
. I> li^kj jk* l*ik> 


j4_p a-Uu 4 oLaaLUail j-* yJ^L i^k-l* tLuii biuAjj 

^fj LUjfll 5jyl ul . jjuLiJI 'lb JJ yi^oj jjjjk, 1 ! ojlj* ji jjjLJU' "Uul*Il 
^jf-5 jUy <JM» j_*j) jjjl dUlj . j^Ua* yf*si IfU Ojjjl IjJ 


lfij> j-itj LiyJJl oLk—LxJl biiljLuj . oL-utUul £» jUu ji yjl*l> 
4_fU jJl x t L* cl^ly j-iiljkJl )j_* Jb jj.,i*~ yLoljJI jjj , ciLuLUlil <cU_/I j^ 

. ^UuU^tudiJM 
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( jxull jUill jJly ) jit* j«dJl Jdsill 


.1 


0 ®O 

> . ■ 

®|® @® 

•. /: 

jIMJLI 

y—JL-foll »l*J ijifcj O^i 
JH* J * f>*^ j* VA 

• (4»JI *W' Jrfl (> 


il'Jlju i LijLuil d!j j!5 j]j i Jl>J! iij.Li > Lib a jLmJI jjt l»Sj 
Li ii« ^LUll JLjJI ol^Jl JyL UJli i)UI «jj» . j-'uiJJ iLli L->1» 

4 4 , 4Ja2jJl dli ^ Oudj IjJ iLo^Jl jjjj :i>l3 jjJl <iL <lauu 

J_iJl jj j^ublbu y*id jlJUJl »UI ddU Jv Iwj 

JUP ^J»UI L*eJjJ' <J« 0 )jJl j<| y4 bj£ Ijj dlj J*fi . 19-2 
L^Juu jlc j(i\ ju\j juju J 4 -J 1 . lf»l*3l Jj-> s jjxu JoJL 

. Ifi* JS ^ y-ubliAil *-u«e£Jl jiSbJ bjf 



(>) (v) 1+) 

:19-3 jlu 

. uU J*j Ifd j ydill uldll ^ \±M - JjjlJl JM jM 


^1 xai 4jli JLdl tdLiil yt Djjj yJj^ jx>d' jjJsJi (j>5 ijij 
yu VjilW Lp^ijil LLj^jJI tyli j_»j 4 j... jfiL .i»«ll JUdl Udi ** yUi 
y_4 Ojillj Lpj-Ojll Jj-j')'! jLi JiiLj . dp IjMJ jdJ y^dUAl JLiJl yluJI 
JL>Jl kJjL>j . 4_>3L*£ UlUll yUaiSl yJl 6_pJ jjJH yWl 

L^-jll ff-'i'l jfii d|>J y*d»'oill Jj»ljLUI y» d-iL ^jg liitt ^ .n jh l ' >» H 

jJL ^_lll LjJUl :iaj , iLc^JI o^l <Jj jjjl oLxi"il j Ja^uJl db Ja 
o(j oULliL 19-3 J5LSJL 6y 1 JbJIijiu l*U 

; jli L^jijP ^lll o^d^JI jj| cJj Ulij «Ilxt Jliil 


jdaLuwi) JUUI ^Lill Ch «-*> 03^ y US ^bAlt JM ^ <*33 
, 4-lLiJI Jl L^ljj 


<-Jxi ld]j yuuJ JUJI abhjl yJ 19-3 j5LiJl ji ii/ oll»k*ll ^j3j 
jl^i yj_5b j»«jbU«ll JLkJI iijk> Jb>vJl JUJI jli L»5j . Ui 

, yS-W U J-ii JL*Jl y^t di> Ldj 


jXLti a ljjil J1>JI 19-2 


l 


JLkJI dd £)i . ypj^j J~> il*^ 19-4 Jidl &H 

y L—ul>'aAll yliliSl yi l»->5bj , y*J>L*« > . » yH»l—Ul dJL A^lJl J^xi 

■ otjl JJjjJ jy« '^y. j*! 1 v^ 1 
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( jrfidl jiljj) jjfi jjliJI J^iJI 


N / 


:19-4 jLi 

i-ijtjll j* Jpll Aylj (v) 

j* 

v-JmJI jt, J_jjUI ^b Ibicl jaJ ^j-iU ULk Ijj^w JjjiJ aJmJ j^l Juu*j 
jtfjSu ^-uLliill jLill l-iLUI ( JJ ji) _pj 5#} jLiJl 

Lliy . jlXi Cf^LiOil oUaiSl J j* li>la <p L u ^Uli l*A, lbj 
k-uWl *JI JLJI wllajJI ^ wJUjiJl ^ -ii Ui itil kjJaill J| Uill 

aL»^U JLtJl ujduil liLj«L ji *> . j» 'h Ulk i jli . JLxJ jM'iili JLJJI 
cJaitlLi t-iLUl lb s.jjf .jj JUiJl y>j i^jJI uJjkJI <ui ^b 

CH •*-!.}• J! ol^iMdl Jit£ ji jb . jaflA 

<Kt A j i n i l ll Lk*j ijljle'jl *m~u Im yS I ^nolll 


uUiMjJl AjunjkjuH oVL^Jl j*"*' 

OIJLJJI ji 4>JJ yili dUi ij )t III »Tl 
, j,, ti‘,1 1 j_a Aa /ul l 4-ii U l 

Vj*fl buj AiiUl uljUil ji u^j 
j-aiu A—Jif tfili 
JJ—Z a iff! Lti (juk&U 

. »J>^I J 

j-* 'j—-4 jaauiii £l>ill 
uYl—V J__k j Ajnm«ll 

>■ * 

*—£»rf} aLjL AjJUj oljli JJj jb ^jipU A j -t jk ujiil kjlii'lll jbly 

Jj-> jIjJUI JLlJI i-iLJI ^*i» 1600 km ^^b LJl» Jl*iJl 

J-m jjJl iLsjjJl (jli k>Jl Ijjk yfi J>? J Jj b> jjp ouS lj)j . L p 100° J^iJl 
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( jlfjJI ) y* cpliJi J**tl 


Oyu jSju ji dj-Al' 'J 1 /-*- 1 U^'j* jf* 0 * 

0.5U Uaxi Jail^ jl# Ij* jlji* J*-»y • # ^ J| 

l^lp ^ ^-ubliiil JI 4 JI 6 l» 19 4 Jiilb LSj 
o-* v/JL y>^\ ^ <3^1 j ^ c LJ 

P M Jj* yji J* uLJI iLtyJi 5j<! ol» ‘ fH J*) ■ 

^ 4 —Jj . yiSl kiJI Ji-i 9 U/iu j*i3 Jj- JLJI 5jSH Jm j 
. S _ J —^UaJI Jl^JI J*« *i)ty <o'jtl 

jiyfi JLkqJI 19-3 

jl.r ..X jJU JL205I jii I L-uLLaII oM Ju>yi ; Ul J* ol^kliill o-*l 

Ui Uj* ilc^ Bj_/J J^*j Li dU ji jlil jL*l ( O' 1920 pk -^d' 
Jl*. Jul>! > jjli dL» jJ jUI jjjfUl jlrfill ol J» 'j* J*(j ■ ^ 
U^SII Jjiijfcli o' ^ oU *y J* *-d' k* 3 ^ *> • 
j^oJI jJ* »l* I li»-J ij. jAdfll U«* JWI W^J 

k . UUliw o'iLfu J«JU j-liJ **^1 oljl<iJI o' ^ 

:19-5 

JM ollxiJl i-*£ Uj j* U ^Uil Jl*Jli li* J $ J! ttUllfj 

. Jfa JisJI 4U Jjk 

d>b j-u J^ i p£U dLu Us jjjl j-ibLiil JUJI Ji-jjl J»y Jit 
i^l ol» SJ\ ;lj* <L>* fy Ujiij • 19-0 Jiil! j Oifll W j»> 
JL^dllj . dUl ^ jS^ll ij>I* SpljJ u-Li! ^> ILL* lfJ> o£i ^ 

4A_s oji y> US'* LlLJi Jy- jJIjj Jii J 1 -** 1 ' O' j» 

oJOL* 19 6 JJuiJl ^-i w > ilLJI o* v/JL 0^ 1* 0^ JM 

4 *^,; f „ {p Ui «y > Uj rj )l li» jij). JM oWSi 

oi jJp ( X ) y»J\ Jxj! LLtf lijlitl f> **" pf - 11 J jl* *M •) >y «S* 
jji ^ <j»ij ^1 ojji ^ oij#^ o'>yij ^ >j« /*-*• 

. (^1 JL>vJI jLkII o**5 

JUJI oU3' fiWL-jj 5 j f 1 j J-* M -* 

diU! 0 ^J J ^ 11 JjL « L 1 LJI llwli oiS lili. L dL J^> ^ULAll 
oLfji y dUL ”*UJ| jiljJi Ji*^ Ujfciii ol* jW »M J! 

.(19-7 JUJI) JUJI 

J>-» yy j JUi ^ 

Ui (JUl u&k) ■ ^ 

. iilU' ^ UJaSJ 
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( j«m1I jLSJI jlljj) 



:19-7 JU 

U+-L yl JliiS Jj» yUaVl JiL Liu 
. y«« jk jLtll JU-JI |UJ 



J—^ j4-» ti—■! J#J»J i iji iiL* 
y^LUL4 

• f j i N tl iiU 



ia^il A jh i j U l ii uKU* ^Ijj nx.j 

trU—a li» J« • '<£* Ci jf 

. ii>» yi . yClUl 


^L* ^UJlj ^Jl J*« J% . * . JLylj j^loju O^U^II 

!1* , rj Si } . 4_uL^aJI »L^ai ji *UUl tLj^j ^ jit* JU* jj jj 
Jpl; oU pj^Jlj oUjjSSNl) iJ^il 3 -ljjJ ^l ^JI 

o'JlUJI dJtfj , Ufc L^ gjy ^1 ( JJi ^ JjjVi 

\r* ^ j* liw ^ 1 if **W JI*jj , oLkjJI db <S> ^i lu^SJij 
jLv U^U UkUl ib } . jjL^Ui ji ^Uill J5UJI jAj j> ^ 

( jJ*iSUl ^ 1000 J{ 10 LH «-3llSS J-s via* ) ieUJJ jjij 

^Ul o^l £**-^1 JS-) tfjJ 6y) ob^j obj^l ,> uLu jfrj 
JUJi lL L«*> \+j d^j; ( jlj\ jj*ji ouy> ,> j] jula, 

J-jj . J-£wllj XjJaJI j_» yjdilj j*pU j+ .< rt . i .lI V_|J*JI dy /w i i ll ^j^utLUll 

°-* J Jj> *j» 35 di ^-uLLUl J>UJI Ijjk uLtfSI 

• 0**^ j i> i^Ui ij^jkl <lsu-l^ oljdl 

V-J^ 1 « •%*- * cl* £yp oijj Lak 1957 f U lu*UI kit aJj 11 Liij .U*JI 6^ i* jjj 
ir* C^' ^ • u*j^l J>> jjT yli j*# JlitfJ Ckj 

^T jLi jji—Jjyi L-.UI jj j_^i J ^UU liijL>a ckJ jSj U lijrf JI jli jj-uij^Jl £» J^i jij ^ t »Laill 

JJ idu Jji ^ a* Lv cilti ^1 i^'S! jVfrlj ^ ^ ^ o5>ilj 4 1970 r U LWI oLljJL aboil Uuk 
J 5Lt Ciji UfJ J>jj lijllll ^ji jl«11 j 10 j^ij^L »»‘Lkil bkL, cii^ji jjj . j-*dl ^Ltull 
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(j«mII jUjJI ) jio jjlUl J<«JI 


lL**i ji LaJ Jjjilj k JWiAil JdUJI t-JZ $Lu ^iiyi ^ l$J o%SJl JS ji lill» » 

luuLUij 4iki j>j Lfjlp jUa* J yS^j Jsu>o jbL# _ j -IfJ Cil^JI j>* 4*i)j3j<i!l p>*% 

iui*! vluui ^1) i L£j£ j* wyji Ail jA jbfli j* If"*- 

ojuuu i_ify£JI jS Jjk y> jl oljLi j»H\ jjj ( jfjjty f»j £* W" ) v$j>' J! 
ol \jjb jjii-U Jj- - ^1 ifj-y jlj - J*JI j] ; pj*i J! ykill tyku - J*>- J j** - ^ ^ 

. jij )U j-utliiH j jStl olfUII i-ljj U . li* j*N pUai Vjii J! j-" ^ j^ 1 ol *l ^ 

jj£l—i lui <1£ dlj j* ^j»ij Aijx*]l oUf**iJ <4^\ - *ilLII ‘ ( £jk«i)) Jf**^ i/ iii 

oLu_l> cm j>SII jU» ji I L^iDj tijlfii j* ji»oU ^-uUiAil JWI JJ iy«*! JLyJ ^k jijjli ii*k 
99 yJ 3>* Aw ( Uj5b j4-J l» P) ) yi^li wi5Ull j> J^ 1 ■ JbJlj Ojxi, 

ijMI ji j^Jiiil !i* j4 JyUl ^io-uj . Jji! p^ jk i&H I> J*" k (>i l5* 6* ^ 

. j>£ j*w j* u j ^" »j V »*m y o»jVu j-j>ikii 

CfftLs jUi j^l Luj) xii . ^LaiJI yOt U ji ii* ijiL«i)l &JI j^lii-u j-iJI jL> J*Jj 
. oijlDI JLilk* ch-j l4i/: i-yy m'jILwI I^oJ ji US < ^i fJUJl jy-a jk ^ J* ‘'^ , 

; jjMflfi'il j-* Lj^fjL>ow iiixll tLdill ji—. jAJV ^ytij t lj~iii j£ ^UjJl ji LiifiLJ OiljJJ Ciil *Ui)l 

oliuxjlj I ^ j_uuJl Jiil otj o'jiJuJl Ljl/ f-Sy J-i . <-1^! Ca>JI 

LvlisU ix^u i-iyu tLyi tjull JiLtyi MA ji J! LlL»y Jij »ty I j* py* ‘ 

L__umJI oljLfJu'i^ i^jll ^Ui^O aa^juJI oljtiysu'Jlj j)T jli pl}> _ 'ilL - Lfuj « ‘'w«AJl j* 1 #jIm]I 
pfj t LrtwkuJI ^uai o-> jli lji*j . CU: LflUl jLsSu olJjSll jm* ^k iyli l+JSj 

iLUJi a^pLaII jUiS'l jk iuSLaAll aIujJI mIjjJUj 

L^jiJI J ousyi xii. »LaAII j*s- jPfi g ij- Jill pkJI iHjj| ^k |)jIS oi5 Jui oliU Ife^ ^ 

Lull i iLdiil y lwlj,j> j^j o^liilj o'jjlill *l^| ikj . JJ oU>)l^ jM-llj Jjlktj J*;) 'k'b^ 

3*i jisSl pljiO-b Jx)\s Mji p L JJ Ll5l> ^kuj. jjSDl o» jiJI J-iJI -u> JJ UL»y 

U>ji Ufj oi y> pLiA!ll jin U ^i j^i» j 5 Ij+Jj . oiy U yty-J ^jSl ik- LJlj*> J[ llSb J_yu lliflj 
. yiji\ 3j» j* UlkJi jii\ SiiUJi J!)U j» >« USb Jtl- * »U«II ^k JW iiiy ^ 


joJI w*l$ i Jl>^ y jU» jit 5>»}ii SjSJI 19-4 

^x*J <uiu5'^ j i jUm ll JLmU A^L?yI j^ll u-il" pi 

jj£y JkJ! Ijj» jljiu o»lij *0^1 O* ' ij> + > '-k»y i J 
0 JLxi if-i LaLjj jj ±j?) IjJ jLmU J^Lxll illLJI ji j_» Ji->y L« jj J*Jl 
. U 5jil lilLJI jli 

Jilj ■ >■ - , ' jjij ^jl> J-Iitlii* JI^J If; Aikk J^l> jLil JlkJ' *H-J1 

. JM< 

jUi ^jL* >Ji oLstfcUA. ji oljl*; fejjf uk-J jili u y j^jWl ^-il*Ull Jl^JI * 

. u; dJl ;lll ;kll Jill JM j>;L>Jl Jl>Jl li» JA Hi . jkll J.W ^-1' 
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(>LJI jlfJll y\yi ) jiit, JUI 


V 1 — J j* ( 

JJL-il 4U j jJl fk j -^mA 
JLJ—Iil* r<) (i) . ; jil Jajw JM 

C— 


B 



F=n /M»Sine)tt 

(u) 


:19-9 JS*1 

^ |j^ 

• j— 18 oM t/^J u J** j 

B y ijkJju dD jjc’ • jjj*!l 
j-i F •!_aJI JJ*. . dUl y UUult 

. 19-9 Jtii 0 * (v) 0*® 


, ( I ) 19-8 JiuiJl ^ ~j^II k_ii|il jtSu LlCJ OJA jlf JUuSj 



0) (y) 


j—JjUao JL^v« ^IpI J| lljj j* jjl! J jUJ JiUll JUI 
£-• ojjLuj Ij-ii JUI oi yjtUl JjJj • o# iyry 

o^Jll oLU £)Li _jLill oLkil u/St Ijlj, jlyiJ! oLUj ^U>La 1I JlU j» JS 

;U* ^yiy. olUj ik>)U UJi*y boJ< j* L»-jl> jjL jkfll y 

kij JLJl k> J &>%) . (v) 19-« Jiill J W k OiJ*; J* Jjyi U-j IjJ 

S^iJlj . OoUl tiji—u p) t iSy~* 0' JA>< !! **• (jjJl j-ytliii! JlU 
UUJI o!a jj) i Jji-Jl Ixa jJi liilj OJoUuo jjSj JUI IfJ oaySi Jl\ 
j JjUlJl fa J ij*j ojill OJA oltjl JjUaiwj . bojl J>Ij JJ OjDl <*E oljJL 
. JlU jljio u^jaJj oyJI dja jIjL jIa jS^U* <^' 1*1 • J^l pUl 

jJa Uku* j^-jLaJI Jl_U oj-i - iUUl J*i ^ 

JJUI jj L iS jjjjLuj ^—uLLUl JLU* jluJl jlS' Ijli , L JUI Jjk jlji»l 
JkJI jj-tj jLull tuu-Ui JUI Jfi ijjjll Ojijl (^1 JJ»-J J4J L 19-8 

( jlt UHjJI B jojJI pjA vLo jm ^-uLUll JLUl J>lj J_j>yi 
: U JLUl ( ^ _ji) jUU Ojjuj t jUoLUl 

B=£ (IjoUmB) 

jj (T) 5 Lj yLo J-S3 iji j* B olj»j ,ji iljUll oja JjJj 

: (SI) oljA-jll JjjJI r lUI 

1T= lN/m. A 

olju>yi OJA JUJ SI oU>j ji* olj >3 L)U>i JjLb jij 

j-UjIUI JLUl jlj LijUIl J_ui j-«3. 1 G = 10 4 T du> (G) 
jJ ijj—i j-ytUi* i-U* o* B ui ^ 4 5 x 10 8 T 4flj)l (> yAj^U 

• 0.1 T J! J** 
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( jjjuJl jLmJI y\yi ) jiti O-jLiJl 


3j_iJ 4_Jj jjuiJ ^jj| oLxiHl 4jl J_U J_jJ j* JmJ’u #U)J> jij B ei>jl lit 
B Jl>JI oud uui>j LjyjJ JjJl IjlL#< . <L>jjJI 

£-* ji) ; imi »1>JI p 19-3 Ji-Jl ji ( B y j«j ) JL>JI «vL>j 
jl ^jjuuw . j^Ld* jltfll jji ^ bdc l* sjjnj ji , ( dLJi 
1 iJWl jjji ^ . (I) 19 9 JJuiJI jj LS dlUl £4 jjlyjJ lM l>jfe> 
JLxo LuiJ ( jLjuuij Jjljil ji) JjljJl jLjiitl jl jl . 5 yi <_/J did 1 
ji r-iiyi j-ij . lift jJ Oub Ojj 4 _j^I jayaj ^ j-'J’bw 
, ^Jb jdU olj jlull »Lxi'lj JL>Jl ijk>J jJL-J! aLho'il 
^ ^1 Ojil) r L*Jl j^OH jli I e y B j I j* iijljJI oi\S 13! 

vliLJi JL>Jl ty 

F=BILmQ 

: oM iiilS- iftWI o3j» jlJ (y) 19-9 Jli) I ^ USj 

F = BJL (19-1) 

J (F = 0) V 0 — 0 bile ijl ( jjjuXxJl jaill>Jl u wilt ojjt jl 

AF= 5/1)6=90* 


19-1 j>*iy Jli* 

DjiJI^I / = 20 A j i 9 = 53° 4 B = 2.0G jl y^jil t (y) 19-9 JiiJI j 
. 30 cm djl> dL ^J> jjJlil < 4 >»ijl»b>JI 

Bi = Bain9 ji Jyu : (J iiuj J^ldJ 
= B (0.799) 

: jjjj . B = 2.0 G = 2.0 x 10 4 T IjJ ^mu * SI olj>j Ji B Jjjxuj 
F =BJL = (2.0 x 10 s T) (0.799) (20 A) (0.30 m) = 

= 9.58 x 10" 4 N 

. JL>J L 1> w dibit DLJI jlS lij F j>j j iyu 
12.0 x 10' 4 N : ol^VI 


jiftjJI ju)I oj^Ia! jllwl 19-5 
^ jLuii JjL>ji dui 4J jiyii ji\ SjSfi »Uji ji j| jfUi fjJi J \i/\ 

. jLjjij jji j« ji sjx>- jjii j^idi j* ijuUl j£> ^-etbw 
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( j&mII jUjJ! jjljj) ji* jaliJl jail l 


t- 

t 



' I 

I' 


19 10 

j-t »*li 

fUil J f \^\ jtXj . H ,L*JI 

. F <Uj 1 yi jjlt 1*1 j uiiij jlfill 


ajA»o j-Lc Immj ( 19-4 ^JJl) j^ll jjpUJ iixu*«j IjIjIiI j^ll 
“ij t oyjl obvjl jSjjJ 'mpLj jjj Lfj| lUl LfJ ^ytli ^lll bail oL>Jl 
. jSjj - iLLui _ L^j a! k jiai> jiLjj jiu jL IfiujJ jl oufcj 

j-j kiiilfJ Umj j-JjLaII J'jkJI ijx* ol>j! j} yJZ ^Jl vlJ Ja>I 

. lita *>lj *a*Jj jjjl tUo'il ^ jj£» jlUl y'y jiJ! ijUl U k jUill «l»Jl 

jl* kil jll U )\! jl k_L>y V J} 19-10 J£ull ji OOfilil tit Jiilii 
Li \jjL -Li Liu jljjt>u kilLJl Ja>j B uJaljuiil JL*uJl 4 jfcii Jx» jl . aJnuJI ilk 
kilLJl ^jlc S^ijll 5 yJi ufi} • ( 1&-10 ‘ 19-9 jJSuJl ji OxLJl tfy** )*) ) 

rjL* juLil jAXi jjj I li» kJjXi jt . j>Lwil li» LjIj 
L«j ayii xJ jj . >jil) ^pkJI oLjwlll J^o>U <jUI 50 Lpj-u '<u>j >11) 

. ‘ 1 ilc ^ > > ni l yt jLLjJl ji jj_>J ■ Lf-« <i*lj 

jy£j 19-10 J- 5 LSJI jj SjJUl al_»ulj , 19-10 Jiill ^ 5 j^«a 1 I bjucUUI ya>iJ 
jj SjJUl olxil jl JljjJ kllAtj djlpUUI jJu o-jL.\I j« l>jl> k Jpv 


. OkLall J>b JJ 19-9 j 19-8 jj£«lll 


: 19-11 JU 
Ji ji I j . ujU ii « 1 | i jii iUjl 




F =0 (why?) 



19-2 JIm 

ji Li^j lt 5 j , 19-11 JiiJl ji o ii j I h Iiia U byJl jL>^^ ®A 6 li 

j-1* Q <>*^1 J>L JJ 9^ j* J* Jai 0 j*/ uji J(i 

OkLJI > »jl> Ouj 


720 



















() Ju- *wU)l J*i)l 



19 12 JW 

' i J« ' » H A/ l.jlJ-il (j—*j yi 

j^L-i i>Af JjUl yi» 

. p 1C yijiluu9 UaL»!i 


45 j >09 oLixi Byi^il 4 owjJ?lwll J^SJI 19-6 

4_Ju £j_ku jS-ll Jlj—Jlj . ol i V i l iSj>J o>j1> p - tliijP US - jifiJl 
JjOo olixi yip JU»a jJl y» U ; y> tit Jufi 

jJp jjJl j+Jf^ j-ilj dL» J>b *Sf>Jb tail* oli>Jjl oi* jSj lij ‘ 

^JLe SjJUl oyJL jLuj U ji JjuJL aJJ UL >y U »Liul ip*J ji Ibic JljJl lit 
U iiL Jib j Xu UxA Jili 

oiliU jjlc yic L ,^-Ip »jJ)ll «J£!l iyJl {Ju* Ui|j Ji J*ii jSJj 
jj LS i A y_» illJJ ^laxll i>La oilS bli. J^kll lit J <ixiil 
y_3 '<ixA J5U n u JUp jlS Ity . LA <u» L JjUl ijli 19-12 JSJI 
: ^ . nAl yt L JtUll J lixAJI o^ili jjp jli < fy**)' Sj»j 


RI RJl L JJl Jt SjSjll ijiJI 


n„i4 ri AL 


JI o*ili j 


■ tj>lj iixA jit iiyjll ijill 


Jill* , <u*Sj ^1 ajyiiil oL*Jl tfiL jUDI yP i>l»o U)j 'i liiSJj 
L-yJ ^LS liLi t A/ tjljJu yJ jUiJl tbyl ji <b»* *iLu 
t lit jJpj . i/At y> Af tjUU o«J l*S>i jSl» «UI £,li t v y JiliJI <P r 
j _4 jLoll JI vM tjljki J^» yi lixill o^li JS u)SJ i bt Ujlji* oUj ijii jii 
lj_» jl . P JUP ytfyti-il ^till J^> iSy*OJ 19-12 JSJI j P 4«i!l 
jySj ; i«x>j j *i>^l o5lili > riu UtJ i)Hj . AVM p Jjkll y» ^Ull 
Ll*J J*>j Jili JSj, nuAi/At y» At tjloi* jtjjPjvu Ji I *i*JI oilili jjp 

: lifJj q Ujljit 

Vi Jo Af At.jljL^jyiF^ijlH^Ji f 

qnAv*—^ ~ 8 1 

0J>lj iiavi Jc iyj^ll ijiJU y*l»Jl j 11A 1 j>lo>J->l y jl luitJ) 

„ B,I D 
F~ 7A ~ ( L v ^ i 

Ji U ^lii-j lip Jfij 

^-jtliiu Jbfc4 lf _lx U»Jy»P v LtjliU ipj—v iSy-lt q LaJiU ilaw 

ItjloLi o-Jsluu cyu il. 5jlji» 

F = qvBi (19-2) 

jSii y cljuJl itiij . tjiJI oia aUtol yUJl ij£ ^ ^laii--l 
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r 

F' • 


:I9-13 JU 

F >L_aJ izSj jJ| i*li ,|jiu 
• iiiuiJl J» SjljJ 


w-»i>u^n 



: 19-14 JiU 
, ^Jail, JUj JilJ l^J 


( <b«u b b*ll ) jLfi £*,UJI J^iJI 

I3J i lj_A jJLc j . a_Sj>j 1I 4f^yi oLx>i]l \»-yj objl 4 jL iJja< jLlII ®L^Jl ji 
jli I V ic ^Jl »L»Jl J-* O-M^l fW) 1 ^ B »l*3l J JuJ\ jj gJl, Ljt 
Jj *j_*yi ULiSLij LixJjl jit SjJjll iyJl oL*Jl ji ^jjij ( Jill) jJl l>lj 

V <Uj—J Jj_»oui q L*jlji» ii>w jj Jj> Jijll Ijjk jit Jtl*S 19-13 JSuiJl 

V J B jLftltlllll jlfjJlj . 4_>j_all j_» L>jl> <t 3*ii B j—ulaLliM Jl>4 JM» 

. JjLmJU li_* j_U q jit Sjjjll F ojJJij < ( ) J J-u jba>^ 

. 19-13 Jiill J_» £- 0*11 ol*J'fl ji j^uu* F ji Juki- jiwll Jail Sjtfli pbiu«.bj 
^u—*>J* A—i.V h jj_Sj Lilt l )<i.'i>y F ol>Jl ji jic Jl 19-2 <JjU jl lx>SLj 
4 >^>oj F ijXJl oilil 1 LJL 19-13 J£iJl jj ti»JJl ouL5 y oi jJuwj . oJL 

Ji-'JI 

. ctj-Jl BoiLjCU Lib jfij BjaJI ji «ix jJjuj Lai « J>iL JU 
LjJ j_jSu jl ByJl jli t ii»»Jl olxil Lk*Jj Lib jyL Lc^Jl oli ji viu>j 
P_i ju jj? jj ajlxJi jit 11*1 Jjj jj Byui ji jxv L« <Sj>ji sL>ji ji 
. 4Jk>yiJI <5^» » 1 >J| jjj ji y> iyil Jj>yi j^jLJI j_yLwj , , lilt j4 

j-wtliwJl 19-7 

, 19-14 JSuiJl US jmJIjuu JUvj jj jj jw * l5j> viu j;l 
ol_>Jl t_A .. L Jij ) iyjl Jlli LjIUU jJuj j) v Jj-JI jl LjjJ Ijj^p ji! 
ijjuj jju 4j ji ) yu j-jjLiiii JL>ji ji j^fi Utfjiji yi. (it_^ji 
jl ,‘lilg jl . iiili Jfci.j F - qvR 4 i. ..lirlul I iijl jljli jli ( jU Ji ji tJj'll 
. t^xJI jbJ'Jl yt 19 14 JliJI ji jjil 3yJI sbjl ji 
jli jliJU Jj , LfjLL» L5 JLUj liiw JJ j* ejjjut oj* ji LfjJ JJ 
<Jl> (1) ; Lajtt J y>JI o'—xjl jlJLiU AjjLlj 111 ! By jjj lj -■•>■' 1 ,.>!! L 4 J 
oljlx^ ji iS_^»Jl iJU (2) j ouiu kx> JJ, ji ULu jj,j ijilj ji ij 
i^jlb jLti ji ll^xl p_i>Jl Jywj jJl>Jl j;uL j* Ji ji iyJlj , iolili: Lyij 

jjt lij-iji yj—> ( tjLj) <ixt iJ'ijy <5^>JI jjja J Jyj , jljiil <lli 

jli ii»iyi ijUJl jij , oyijJl iijxll yj JueJ y> r klu* ( 7-9 ibLII) v l lr 
j-L i yyi l^uLUaIi »yji . qvB y, ( ^lji ) 3jj*ji sj jt uy_ji Boil 
jL L vjii ji jiJi jj^j jyfi Li . q LlxJi 



jj JjxOj in L^ilitS jill q <ixill jjji) U jkj . j^xill pa-*>Jl 4isi jA m >iu> 
; Lyj J-aj ijib ji 1 v 4l>Jl jic Ujv>£ oi B pLlU j-Jliiu JLx* 
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( *LuuJjLjJI ) tfi *JiJI JjiiJI 


j—ic iU jjitfjfi ■> v> i/ kjj 

J_U Aikli J5U JLli Li* i 

,bj( ijj*i iliu J», ^jU 
VtjyA t» J 



j *jj vliljjj ^ A n. 'u .- SyUl aL>jl jLi oJL 19-14 JiLiJl j-J ■u>^Jl ollS IjLs 
, <tUl ojlit <£>> ol*il y Ojilj j 4*0 iixijl 
<^l>UAll JjjUIj 4-^j^SJl sjjUI j±j i ijS’ii tjJll jlc i ll*. ^4 dU* 

: Jj L£ jjiJI lit liL* i »ili>ill Jfi ijJjll 

i ( <jJUl lilixiU luJt, E ob>ol ji ji) E ob»Jl j qE syill 
E Oj^fSJl o^LkJl jLi ll$_Ji . R ,"— 4 jaiIaIi j&is qvB < > ■« jU llwlI ayOl Lei 
. B j ijMiell JLkJI dJl jit 'll lu# oll>-iil jit Jli Jl jit jjjti 


C*U>mJI jU 8jj^ll 4j..u| i ijiil Jy)l jk oliujaj 19-8 

Jut Lfi—ljJ j^iw ; oUyj»Jlj oljll Lp< jjJI ol»i~Lxl| jtflji jj 

UdJl oLLill »1» J_e*3j . B oULjaj E ollLve ji l^Sy- 
jj-t dJl jjJ jl c »Jl»Ij ilj/ill on 1+bJ oll>v8 ojUI j* ^UU 
olij ill’ll I } 1 a ^ it5H3 |>>^AJuaw« , oL 

okjJI c-UujI j4> 

j—utlJuu Jl>4 jj 5j^-*«ll t iijljill ijjxiil ^l^l'lll o> l>jy 19-15 Jidl £>«}i 

jijjljill j^jDl j|J J-ii j_l olj_l OJt li^It J* bSj . oUl Jib J| 4*1 
. <JL)I j-^Ul JJ ^jlll 0* 4*>lj Lid btlu l*J^S jl*l^ 
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() jitfi ^h/IjJI J«mII 


: 1ft—1 fS J&Ji 
»Li3il —a f jk 

iJ| jj JjJ /Kj i a 
ij—Ulj 9^ J** 3 *J-tt I* J 1 —- 

■ ^ Ow*j** gi»B 





:lft -16 Ji*i 

<—& jjfi ji-UJ . 4iiii! JiUki jl|», 

*— £ VJ*i tfl> ftM U UX 1 
• kjl 



jj J£ sL>Ol uu d)jj tjjJdliut jjJlxi jj »liijl jL^> jlpJI li# 

U>& (j-0* 3 ^ (/-* jW 1 <^0 • j-itliill JI^JI 

<lL^i »ij^Ji LplL 

j'iUJI Lf_0 OiLCsi ^jjJl <iLuJl Jj J>j^ (+</) ljy*Ai L^*> jt j^ll jtjjil 
oLjJ pki~J Jil jy'ij . 19-15 J5LAJI ji ( j*m y> L£ i jj>yJ X^ljj* v *£j-+> 
—it . p— <JI — '']• Li dI*^I ^3 jtLiLuj ^ji ijhLlAll DjiHj ■Luj^iJI Ojill jt 
t> jl ^ ljUlfl JiJ JJ ji ^jlf! JJ UJ pic J&L p***»Jl jli 

• lS^* i> lM 3 ^ 1 

^UyUI ojLuJ Ij[ Ixii k wilj_>jl j»j—i jjLjuJ' okL J^L> <Jtxi!l 'j 

; |ji kjjJl I jjk k-jlkjjj , jli-.st.ill 

<?£ = <?cB jl u = — 

jJLi oJ> J}1> j*j <j y Llw icj-Jl oijj jl 1 ! k^Lub^Jlj 

oL^-> Lit dpOJ ^ill oI^u^JI Ul i jlf*U II j^xJl £4 j>Ij k> ^lc 

lj| . UJ £_ul> jlf_>Jl I JJk jlj I jSLj . jtji\ £J+Li Lfili 4ifJ\ lit jit j ki 

i*j* jjf {jm Atj-il\ jljli jiiu L^Ji £jjj oLu> jiujj ij!. B j K Uxu3 

L>^i jLj d—Ju ^Uii jk jjli dll 'ij'ij . *idk* olc^ IfJ ^1 o U^> ll 

jl CmmI ^jyi jmi jji LLlu J \ji djt Li 4 jJLJI oLxLH ^k jdJ LfuOb 

, (m/s) ^(3 Jfl jSL JmUI^ y £/B L-JJb Ulkll SI olj*> 

toll JUw 

_jldll JJ lij-Lu j* ^*1^ dJ 

. j^UaJI olji< U»l>Jl jt iij 4JL5JI oULi JjjJI ijjljdl 

O—uUiill 4_J p iv* .,.i * j AJUSJl i_3«dw p—b idjA^ jLf> Jlkj 

pliji Luld ji JJ J_-w lij JJ JjSJI j»LJU ( oU^i _jl) oly 
jJ-ai 1 Sj-i vi i-t> lifJ Ltukio L-j 19-16 Jiill "jiuj . LjLj Lj-s 
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fJeZu Jlxa I 44 4JUsul» JjJi US i liju *i f J»b oLja)U 

jjLii yU JamJI Lixy . | y .ii t> ' i «l( Jl^JI <aLujj oljj/fl jJwM on 
. Si obj,r)N jAAJ Ooi (> oUj^Sl r^j f> oUjySftlj Ifjji ik-lv jli oljj 
oU^Sl (jl jl . V i+-> *1 «—<\yt Si OuiJI J>o j>j oU^*3ll ^ 
: jk } 17-3 JJjUII ,> jkri iS> ^liili Jl*J 

KE= \mv 2 *qV (19-4) 

2 


oljjJl y^lj i>jj ^lc bUi*l jJ| . +2e jl +k UjLu q i<\$3 jJj 
( sjx>j olijji til ) ijebjl 3j/U ol ; j *jiu-u ^1 diiX| L 
iPj—o LfJli C ^Mt^UuUl JUfcJl *iJaun J| olijj'lfl Jijj y! 

lJjJU Ubjaj JLaa *pij jj V; a„»W‘i»ll Jj-UI jjJO Oali ylji# olj 

l».i_Ln: oLjjSl jLi i ijJta JUaa y . r = mvlqR : 19-3 IbUlL 
19-4 ibUil . S 2 OmDI &• 2r uL. ^k £*a ttL ^IjPjJy ^ u»l& 
UjLu Jj_A>JI ^(kuJ l 19-3 UjUil jj Lf; y<Uj»i!l p V i[*i] 
p . u 2 = 2 gWm ^k Jj-oJL 'iji . y^S’l <Jj 5 


r 2 = £LL- 



m 


qBV 

2V 


: li’JU)* J| ojjj^ jjji li*j 
(19-5) 


UJ ^jiL. 2 r «L*D iLiull oLUJI ^li t Ojj« D 1 V t q oL*SJl ji 
^Li 1 aJiSJI JUjI eaUJI Iprit olj oUbSO-'ll . alij/fl to 

. hu«] I <Ullxll jMbuJl JiS j*a jjlil 


19-1 JLI* 

i> j-waJ jaUJI ijjli* ol ; j J jji 19 16 JShJI J il^Jl JLuu jj 
tJxi, li .iihliiM* 'JlLfj J_>jJ 1-000 kV »jljJu i#_>U jyJ JV> . j-jlkJl 
2.088 cm UjIjL oL*» jlmh lj>l> ^y>j oli^ ! !il yl Jk>jJ jij . 1.950 T 
pj>U v . 013^1 aju» ell*: iiUI jiiuil j-* Uj oUji^l ai* 11^ jfi L S 2 
. 2 ^ >JUil J ;iWI J^a eaUJI objUll 


1 


.^LupJVJUhI 

: |-<l l aJjUm ji ajj^jil oLu£JI J| oIIjaII oUy*il Ji^“ 0^i ^ 
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(k-wMiAll) ji* ^LJ| j^uii 



:1M7 Jii 

£>-““ • uxhA-J] jI-h iujji: 
JLaJI ( J_k*i) 

JL -* W j • o*M ] cm i*>«i 

J-tf* IjJlj yJ 

oUjjjj^l J_JLj. jjiS i/-i k3U 

L_Sj^ . JjJ Uj> yl JJJ3 

>—Li U«»J Jlj Uis jiSl* jjSi 
Jj* ^ yi (.jul yii , jia 
■ $>* 


V 19-5 -UjUIi Jt jjjiyi 

y-« A CM iiUlj B = 1.950 T } V= 1.000 kV dLd 6 j ^t*Vl 
^ ^ iLlKi,l Sx *M . r = 1,044 cm Ijj, r pUl 

. g = e = 1.602 xlO- 1H C UjIA 
• ij* o* i^JUJI iltfli j* J^ji •* jg } . jp 
(it) o,dl Jjfll 0i>j SlY** 2 |jj j>Hl y h*ju Lpifejl J^I ^l>yi 
; 12 ^ >> ll> p* >*l 6* .p 

1 u = 1.6000 x 10 -27 kg 

^ •** 4*J*> ol*p jliSIL ilsfll 19-5 iljUil .>1 ^ } 

j* ^Ijyp 

_ (1.602x 10* 19 CX 1.950 T) 2 ( 1.044 x 10 2 m ) s ... 

2(fo00xl 0 3 V)-3.320x10% 

. 19.992440 u ^ 2«Nc <1^ o' 2 fi, J*1II o**j 
^JJI) JLiSJL ol4ik^ UjIp »Ne j »Nc jyj o* ^La)l j* ; ^ 
1.095 cm o[i ”Ne ^lid^JL : ol>Vl. ( ^il^yji 
JmUm U)j . 0.102 cm ji 2(1.095 1.044) cm ^ ^ ^\ 

. 4J*~y 9XfS O0U ^Luj jvMj cwy D*liUl 0* tttil 

jpl cu> JjJ j^k o_p jJbJ jJ l^jji #|yj| op tiyu U* l^ol 
51^ . J-M •• L.ikj . ll* yu oliU, olj olijij^ ji oOjpJj ji olij.1 
^ ^1 p Dli Jjijjil «jp Jlu 

L.UU iJU olilL ^ Jj^jj 5 j Vi 0 . Il>lj Oj^poJI 

r p ^iO JJij t .-, i v .. r it 

1930 f U JSjtf , 5 wW ji pijj] . i.! ^ ^ jpji li* ^ 

D^iU y-jp ^ o' ‘ ^j-^)l p ULj iljtj Oj^jlLJl pbi 0 * Jj 
, 19J0 ^bjjill yi J^jl 

JLU J JLkJI j* us, t 0jj5>MJ A*-LSl ^Ul 19-17 JSJI ^ 
oL-pi pi yji ukiii ^ uuu ^ du* o[j iiasji 
y-U 0 ^ JWj a> J Ojilj oljL- yi oUi^JI d>^-j . 
iiiuj t 4*^jp OjPj yij . lyf» up-Mjj ( 0 ^ Ijl J5Li 

^ UlUj . ChJ-JI 0 - wljJI ou vjiJL S jUl 0 * oD^I 

i>l t** olJ > i JL^ 1 fp uwW jn J+>d Jjj oji t iLSJl JLJ^ ^ 
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jj>ij fy IJ_» JljjS .1 .j jiaS 

.1932 ^ ^UK 


( <u»yl>liitl ) jJL mLJI 

#pij »4_lli« (3 j »ykiJl J>*j J! J>>J ■ l^ 1 

jjJj^Jl Dtfj-*ju3 A<_xJl Lf-i* ^ ULw u - ^ j* yWl i> £j*i) 

, ji £i APj-y JjUII ( <3jJl ) y-kiJI JJ J>jj I A*A* j* ( ^jLdJI ) J**/uJJ 

Jl 6n#)l S^i »j« J* J} olj4j ol J, A^l Ii* jjiiy . /I ijJlj ji ;jJy 

aJu* jjjjjlSLJI JsuAa Aic olijjj^Jl <jpu Ajl+JI jjj jiSli jiSi 
JA>U La* y>j 0JA-*4 AjJU oik olj 

!*-*> jjJI j-#)Jl ji *-4** j-* *i** j* j** o4y 

if JLe ^ ^-.aJl <6j^> jJt H ajLu 'll ij_5lj]l OjLu j 3a>Ij 3_>* jjj^J jj>L» 
jJ» T lijJjJl ‘ «ll)j oLil Jfjl j*j . jLal jU yL 
i»Ui 

y._2/rr _ 2ft mi; _ 2ffm 

U^JljljA* l* (/ill' flZ? 

11/?> jjJi/jjjiliU 

/■-1«-2®_ 

1 T 2itm 

Lli jIjuLLI Ijm Jl«*; JjL»u jjjL ^wJautll j>y»ll a^aJI ao^j <_,-£* fj Ijjl 
tyj ju jjji ja» j* y®^ ‘ ij 4 

J_J olj_. J***> pi lji*J . «jU y*j J-a3 JA* ji OjJjjfJf 

, Ia> AjJix oliLkl I i .I*^i jAj jjy Jiu-jJl jjUrf jl 

Jja y»i 19-9 


. <LxJI oSiO 5jLi] JJ ^y*y. j*-3 ^1 ^IjkJI j* JJ3 jap dll* 

- L aL>JI jj JJAlr i_ iJfy oUpvU A^-oll^ yjl>3JI j *-aj 

La '^LaL> jill *1*3^1 j* jjjjj aj_JL a^jaJI 

. iuJLJlj Axfcjil Ai»wJl jx VuLI Lyd |UJ <JL}l3 Vjljjvi O* »A>lj jji 

jjjki LjlL J_AUW ( t ) 19 18 J-SuiJl ALxll ijilill ^i»Lj 
jLp ;i j m jliHUill jtikijJl ^X»j . jli & Lj ^*Lu^ ^^ J->>» y»iu k</i 

LjJj*P Lr —.i» l .w JL^u jjiu liAiPj . JLf* jjj Lfj« A>ji “ll JjJj Af»Jl jd 
aJ^ jL>yaj n : m y^jlaiill jlJ i (y) j-» LS - o*-t^ J* 

, I A* Af>JI jji jji: AAL^ J j^ll <i»>y-j . jHlilAki j^AfA 

jj oLLill 6A-» JA»I Jjjj . AAi-jl Jsyj^JI J^> Uljudl oLLill jl ^jiiL 

aS^xJI jlc j#!* AixJI jl jJI 5ap15 j* j*ij . (y) 19-18 JUJI 

rn jjjLijJl jii Af>JJ jjj J^tuj ixfcja m Akilll ^ jjj t m j>y ^1 JJ 
. y>j* <i>Dl o^ili jjt UaIc Ax>j« jj£ m aLJI jl; Jjill jjij , n j 
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n 


(i) 





(*) 

-U » 


w 

19 18 fri, 

Jt . Jjt jai 

J ^ li| ^J«! u&Z n j m 

I jmjhi ia l l a jUl JiaJ ^^juJI i*S 
J* ij5yj Jjift Ui . ltf>a <i»-i t/k 
. ( jUJ »l*Wl 


‘ J 1 —* * 11 i#ILc.U4 oi 6^ jl^sJI <,1. J*»£. 0 J| 

Jj »^J JLlt J jj*JI juJI itfli CjuJC o>.i . (.*) 19-18 J5LJJI U5 
£-i $\ JjLi Llii ^ic . jL-JI y*> tfpoi! <*>yi ollxJJl Jfi jjp JiJ 

jl <5l . m y*j Jj 4^*ia 0_ji Jl oli^AJI sjj> jayuj lilj k ijJL oli#w 

<1k-JI *UJL ^mu* iJUJl a jji ^5 m iLuJl 

JJj . uUl y ibviJl otflj SjLij ^ u-l> <L> i j’Jl : U* UjjJ •,] 

IfJij cm 1879 fLe Jj_t tejjj fM ^ Juitfl 

!>*/* - y*Sll lit ^ Ia**X . Jl>J| y^\ aLJe . J_j» jii jLj <wL 

JLh J JiW j£J Ij*j> d^AaJI loJjjiSJ'jfl jljll y <i>Jjl Sjlij Jt 
jUw jit <gxu »|j| ^L/il L-o(i J*» jii JSL-jj , <^JLoJl <Jl*JI oLijjiiUl 

J—»u J—>lj 4i>wJI o^ilil ik^Uil LcjJl jjjAiJ Jy jj| ^ ivluj 

Of»J] oL>jJl oLjJ L»uw IfijMLJ ik-yll iuyJl DjLt jt**) , L 

oli^l ^\jX Lj1p U jiULi lu^JI si# IAjS Jy; . jjjjji 
sit j_* ^ iJU J n J*lill wjuUJI Ui« i m yJL>Jl J*(-}\ + ) 
litj n j m o^UJl j,« Af>U Oj&i lif^j olixiJl 

Oi-J fSLSJl JjljJJLf 4^5 Jas03_j , Vll ; J_J» A+Xi Jyu, U ftt J+»J| 

: <j>Jl o^Sl ^ s^jll y^l jjUlj 4^*jl»U*ll jjill 

j - g'i'B 

: Jl ^ L }*} 

V H s vBd 

\ d i B s^uLS IjJJ Ja_i^JI jaj& 0>d ) oUftwJl JLmuI <£j* y (S slu> 

. Ifiuiu ^ v (jli oLlJUl lijji u Vii 

t 6"j'>w jrfjUi 6" 19-10 

*ll— jJ La _)Aj . i^fLUAj L-iLSl 3 jUD <o-l^aj ^1 pyL- 
LL Uji Ui^j , lL>yl\ J_jL ^..ijUiftll JL>J| slaol Ujjl> jil . $\ 
i J| Ole)lLj , j -a jt l ’ iw Jl*sa jj paj Ijj V-JslUa itjii jaf* jUil )UL 
aif 4 _Li^ 1I j,jJliJ lj_L i j—uiUill JL>LU ijjuAi j(j*i jl^Jl ji Lii^p 

• S'** <> VjiJ'v 

Lf_ia jli j^jLvia ^jU; Jj*j Ale 4ii I ^jj yUl y 
alij^ill ^IUj Aaijjji 1-Jj^ jjj • J* 0«j y)i ll*J>Lu 
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h 


( ) yue ^LJI J*ill 


d!» . jaH\ IL» i*-> jU ifM uj*JI ilk j JH* 1 J> S^JLii 

• (W 311 ) M **) «-ijw ^ oa >lfclL i*UJl SiJWI 
^ 0Hj\)h h 4 h i«jlny O wl' ' - t>*lyk OsA - ^ 6^ o "/&-> 
3jJ JLi* oi o*J ji) . 6 Ujliu uU jiSUl ^ Jk;_j . 19-19 JSJI ^ 

JJ ^ o^l # L* jloJuj . j-tfl ^ 00^1 o-JSl*;}# yjbfj 
: l*-& b iiUl g) l*>jb OyW* Vr i ^ y*,^ JljLVl 


^_LjUli| CuU ^ slu> 

h jic 5jJjil ojJUl oi 19-20 JJuiJI ^1* y*,JI jtJl SjpIj (JuLL Ijjj 
J->lj JJ l\ jf j^LJI JLxJli i ( yiL»J 3jj l*J ji) 11 yj tjfjj 
• *-** j 1 * 1 J! ji*t ,jWI Jjl fl*j ljj» .h£y±* o*Jl 

h <y>ll ^iJL j_JI i>b o|* 4>iJ| J>ij jj ^ij| jj| 

(v) jr-± ■ oVjljUl o'j^'vj£ jlxi]l ** ^ W & oi ^ h ^ W 6jJ« 0-1 y-j 

*-* ujii j# njAU ku jli Uw* lij ii/Ul ^ dli oLJi ^._ /i u\ if k J mU, 

ai>^4ji&iN,i2iL.;,ju .. .,. .. , ir . , ^ y } 

T gULfej ^j|ji, • JLa (i ^ 1 ^ JJi>b f* h £*>« ix jUU ^—LUill JUJI 

J! J-k J ^1-1 Ulli /i = h = / OdyL-l. OijLgJ wUJl UU!I ^ij 

• k y-ri&Jl CuIj itji jj^pc ^ I jl^l 5,x>y 
Ijy-u ol* ^) A>)j J^i JS ixij jLjLi (^IjU £ay m LiU 

Ufy iiLlI lj] UfJjb j> ji. JSJ 2x 10' 7 N UjIjL oy, >^1 Jt ^ 


J, _ F b 

I*- * —*| 

U^W>kM<u) 



. J>lj jIj IajIjIi 

jli JjSl J-kll jj U—jj L^_). dJa5' JmJI^ yj bjlu>l Jjjidl li* jjoj jjj 

* 1*^1 £***J vLl J*iu ^jJJl I f ■<•'■ yj| oL»£Jl jU> 

0*i ) • ^ o* jO*$\ . iijLi>l iLjou J^yO 

• (‘UyJj <JjUi lf^ lyjJi yli jyVi 

<xy |jl J_*l ^ 4i*jJJ ^^5JI SJ>j ^lc liii fctjJI ^1? 
j-i Jyb o_m oJj UL>j jaxiSl ijjyu Jjju-«L> Ijjl Vj t I jLjJJ 


: 19-21) JU 

Bi U—ftUu Vi—y /, jlyJl jlif 
Ljl^l JLiAf (J» . /i F tA jljH 
•A >M h if- ^1111 Bi Jbull O' 

JL_u IM ) f /i Jf *:Uii»j l|jU. 

. ( ullDl Chj# 1 0>*1i yJe >1 


. (1C = 1 A.s) LlU 1 x j#*! 1 J_ul> jjL^ 1 * 1 ^ ^ 

lT* ‘t 1 -- 1 ** 11 ^1-5 J-l^r L-ji J-y«sJi 11- Ojii l» 0^1 vj/iw 
: k J j A>J) lyl> ik Liuk*j y)l i 19-6 <JjU1I 

*= A 

w 
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( AjwMblxii! ) jttt- £«/ljJI JufliJl 


jk k jloWJ SI oli>j jl LfUj 

N.m . N 
A 2 .m A 2 


: Li) jjSu ji jj'lf ^ajl»SU jjLJ! olj»j|l »a» pljjOL»^j 


, ( 2 xl 0 ' 7 )(lm) 

(lA)(lA)(lm) 


- 2 x 10 7 N/A 2 


( 19 - 7 ) 


t fJI) 12 k <—uJt ^lc ijtc l-uSu k lLuHII ji 'll . Ijjiij L Ujt jJjj Ji U» pfijll 
OwUJl I juft L^j j>T Jftijt *a*U [to jljiil <lu> 

; y> (JjjjuJI lifJ ILt ft 


= 4 rc x 10 -7 N/A a 

I ij> Jlwuxl £« 19-6 UjUdl 

™p,h!A (M 

L Llxb 


ji^jjlyu L>^s^j jijUwJl j_>i sLxil Lb. A* lijl y Ajjv I jl* c ■oLfUl jif 

j.) S' » i' i,..i jjjLuJi j# js" syyii jjSii ji jyj jj 4ii j/i v jjjiAUj 

• 5_yllU iS^S'l jk 


: 19-2 JLU 


j jiJ - w jl ^ >i 20 V Ig-jy LjjlL J ii'i* . 19-21 J_£jJI 

UjljJu lujliu . 2 cm Ujlji* oL* Ufia » J-wuj 80 cm jj^jlyu 

<j ,.iil>L»*ll jjjiil . Lj_j sjiLiIj <di^a J^yJl u> lijiii lAu 411 

V p* <n’^ 5 /i 1 J* jrfSJJI j* J£ Ip p)i jlJI 


i JYJLukI 


v ■u-^Lbul »yJI jjIkJ i^ jl 

J-«L> £—i bjjt k-uibii Jiy^Sl oo>y oyJl jl ^k 19-6 iJjlidl Uljj ; 4 jI>VI 
1,^oLJI L .. b kj JLJ» jjjUl jjjLJ' 

? Ojilii y ILuiUo 3yJl ouLS I jj U jjjvj jjJl U : Jlyw 


: 19-21 Ji*i 

j^yji jjiu j* ;>>*» ijUi 


X 


t 

b = 2 cm 












( Aj-jjMaaII ) ji# .wlDI J'rtI! 

. yi-S’Lli litf y Oj»U3 j ilkyjl u»ij y ^IjLsJl jl£ Ijj i^jUj IfiJ : iy>)fl 
? ilLil ai» jjlu jjlIUJl ji jlj ; Jl^-i 

y> y^SUl ji jUI jlfJI j£t iljJj Uk« <*^S ojMj <i>vJl jjjj - 5 jI>VI 

, alauHl j*5liu*j jljiil »iu> jj yLiJl yJu 

V jUl jlii* Jiay jill L : Jlj-j 
. B = 4 0 j V=20 V iiu> t / = V//? : pjl yjjli <j[ : i^l^l 
? iivtJl •—rLuJ uidl L-iLyJl Uj 1 * 1 i j* U : 

. yli«y« b j L tujj . F = ■ ' ■ J ^ 19-8 iljUil JjJ . ol*^l 

C ybjilxU y^SlLJl yjJyJjil y£>yjl (jl y* "ijl I HiaftluHj J?Jl 

^jl^l Ui 

/ = VIR = 20 W4 = 5A 

^y,)SJJlya jS^OjJjlU^lj 

axlO-'H/^XSAlViKIm) 4 

0.02 m 

L* ljL> ijiiuo \j$j yjjlull yJJ <Lj. ^ll l ' ljiil H«Jl jl> IjLfJj lj» jJJ U® /A) Cudl yl 

!±> Ljlu liLlI ji jl . oUU yL pJ 


oljU? ^ oJljJI ^>..jJt i ljx H oVUJt 19-11 

ollxa jlio iujiSi I oljlilll yl JL _ yl*j* yJJ y*i)l y^lt J! J*j fJ 

yi_«JI - n «i Ji ayy jljjj 0 ( jV L^J jl5 iji>U Ul> l'i.<i>.i> 1 4 i—i j)i'i»i 

y* uil>J O^SLoJ LfiiiO ^jjl <^J?Ua1I O^LkaII db <5jJ JOVI yl y^ll U^Jjij 

/yiUJl j^ut i Uwll JLkJl jlau^l : <Lljdl j* yjUl ^jUl j-iLiu jj.5jL.ji , oljlull 

Jjjt dL ^ ^ jP 

jL,J <JLL>^ ojJl Jl>Jl jl iLj^Jl i^J JJ- j* uiy*> li»*J jity 

19-5 JLdw'il ) dl—Jl Jj> jSjlI 9X»ilg olii> Jdi ^-Lc jdj ^ui~i.il dlw ji ^ju 
j_» 19-19 J-SdJl ^_3 j,ull l\ jl^jJl Oyi; i/i JLxJI jyL ljj» jltj . (19-6 j 
, 19-20 J5LUI ^ yijdl oJijj jjJl 

Bi Ijj yy ^l!i »yji JJjLuj ■ ^5ii 19-1 <JjU1I Jjajuju j! Liu' o i u ~u > 

19 20 Jlill y 6^1 if-iJl; /1 jt 

F(/2^3jjyi )»(Bi)x/iL 

j-i A>5 Lj . Ii jl h jIp <<j^jjJI ^j-djllill JbjJI <4Sy« (Bi)| »iy> 
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( <U«uUm1I ) jLt awU)I J>m)! 



: 19-22 Js*i 
jl_p j-P iP-iJl y— ^IsULJl Jt**5 
, jyla ^Luu 


(fli)i - B\ j*Su! IJ+Jj h £ j-Ul Ri (,\ 19-20 JUJl 

: jiUl ^-jaII iojjj>oJi ^SLUll j jl Ltj 


F{hJ»W\ ) = 


/Wa L 
2k b 


^UAll JL>S«JI OX-lI < ii. it J -if Jj-iLu J .n»i Liu If jijjU juJI jjj* OjIaajj 
: I ijljj J*>^ dL s> ^UJI 


B 


M 

2/rr 


(iWJ^^JijtdUl) (19-9) 


6 it Lull iiL-u Uulajij 7i j Z?i j_j JS vLUl liLLI Lii L» 
jt-u ^Gmk i JuJj (JjJIjJI JLfJl. I jLiJI ji r <iLu Ll ^1 nil 

Ijjaj oLII ojlj Lib LeLi y£\ yij.n* JLJl Jb*L> ji Ji>jLj . 19-22 JUJL 
. ( 19-9 <hUl) r SjUj B jl J] j*!u Li / jt 

j&l 1 oljLlIJ o^LSuij IfU-Lj ^jJi 0-^1 )UjU 1 o1lL>Jl uL>j 
jHL> J3j . JrflSillj Lilli jjhi iiyu s-jIL.Ij_> s JuJj iL Lijjjl jjJl jP Ijjiui 
siljL: ol ii^LU ItLJl 4JL3JI oJLi ^_oL^ s_j*Lui ^ISuul j* ^uii 
u^LSil li-» ji jic . jjiliu o_jLSl li> (J yjj . oljtjUl sill; LfiUsi Jj}\ 
V-uJ4 ^Lull- <1 >L*ju _ iyy Ijjj yLiJl lifJ jHI^jJI (ijiull jlki rjL> •*-.I 
. bjuiil* du_uji ciUUJl jj JL» jjjJ 


dUI jo 4 j^jL 4il> 

(I ) 19-23 JUII mu>y Lb' / Ijlu J*>j s silLJl jj Ljlj <ii> L>J ji jajtiu^i 
^Ja3 sJuH jlS Ijli , JUJI j« (v») ^ jtS\ J i-aixt JLxJI ijk> 

u ui>Jl '£* He JL>J| j,ILL» jLu s a■ 4il*Jl 

(19-10) 
2 a 

Jill LI . UbJl jjj>» ILL jls 'ilj JjiLjJ 'll <JjU1I »i» jl jSjJ djLpj 
LLS t ji ^yuyJI lfA»j Jj |«LS_>-L> <^IJU ul> N JJLt Jo- jlJI 
. 5j* N (19-10) ^ j* i “j 

4juJjD 1 o Lilli 

jUlb' J_ii jJi dLJl s_iL LLj Lul jJ iJ.L Jap LIU 

jJs. jLuul jJlSI l ojpLxU oLil jj . 19-4 Jiill ^ r-»Ll ijlllj 
j-i *Us- L iijtii jjpj . SjjbjJll oUUI sijx»sj jJjlJl Jdl uJ 3 jDi 
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( <L_u]?lLiil ) vjUJI J-flill 



J.vrt'. Uilj (y) 19-2.1 Jiill J ijjii* UU ^Ul JL^J'j 19 24 ji-JI 
jm), .yl+JJl ^ 

Jiill Jjj LSj kJLUl ,yjy J^ 0* ‘j* j* (a/Z** UImi Jiill 0* (—) 

Jl_»JI jljJU oL» L-Jo*> lUail* 0j& Jill J>b JUJi ,>li 

dLJI ju Ul> n j» j£i) > / Ijt* J**o >-*y* ^ ^ J i “ lj j-^ 1 
: p *J^ & > J* j 

B =/jonl (19-11) 



to) 


jjll J-- - . j ^jjlj ^ju/IUw Li <L$l JUI J>b SftWl »J 
mmj )l B j\M (ji J*»^ • C</> ofii ^ 3^ ^ 
jit JS J oUJJl jj Apnrf jSjJ.foj - li*Uj . Jill j‘ J* J* 
^jj ^jyjl JJ1I J y± y*L ) aLU] jISII JJlaII pNtfS )j[» . Jill Jjb 0» 
iJUJI tyjjJl Dj^aIL 19-11 &U1I 4*liS iioifi (M) n*NIL 



oLjUUil J j*j> jj y>li J* yylll WjW oUUI 

. jj>*il Sj+^l j* yl^l 


:1^23JU 

Jj—»■ 

j—i ia-i>J likJ! Jkfk w «1L> (y) 



:li>-24 

Lii_JL ^>1 JL>] jjli* r ■> (’) 

j—1»L*I >Ji* (y) • f>-^! UJ^H 
0-» jt—fi Jic ^ JU^ 

. _u jjttf, . jla oil* 

I ifcl'n 0>-ij Jl—a-ll 0^-J J# 1 # 
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('U.iiM'iill) jitt tjUil JJJI 


19-3 j>±jy JLl* 



; <u)UII C.HUII ji JSl^Jl sj_1 jju jjls 
5 A jilt jUJI jlij u! 100 <>) r = 2 cm o_Ja3 JJ) J >lyU JU j5_v* jju^ 1 
jL^sJlj L - 5 cm <Ujl#j r = 2 cm o^JJ J^)j *U 100 o ^jy JL -u£ 2 

. 5 A 

. 500 A y> jLi)l , pi .La JL j* 2 cm uLu a*y iLii Lc 3 


lJ—Ui li_* uLil jiy 

^i_a j ... j k i t. i i juji > .jjifl 

J-ilJyJ wiUIl JU -Jiu 

iUll »Lb . jJjUl wiUl 

5_!i> Jj j ^ yfc i^jlK 

■ J^Vj 


1 

2 

3 


Z) 

B 

B 


; JU1I ^1 Je ASIS1I o'JUJl 

o'ijLu 

%/ 


AT= 100 

2 r 



_ 



.M 



2wr 




jiiu» JVjuLfi 


jl) o^IjUII >±h jd J ^’ <> 

n (100)(4ux10 7 T.m/A)(5 A) _ 57 1Q . t , f 
2(0.02 m) 

2 fl. (100X4 *x10~ t T.m/A X5A) . i26xlO~ a T 
0.05 m 


3 


(4frxlQ- 7 T.m/AK500A) 

2w(0.02) 


= 5.0 x 10 3 T 


j4 jfjua jLu j_C j-ilill ‘UiLi! <L->* i oliill oUL plJjJ jj 

L^jUJi jjjjji jj uj Juxi u jj&j . o'iUa y> 



R iljal jj Lij oljLJl L/Lb m^l>l 


. jJ*l JJ / = 50 A IjljU i 1 » , ;« ’ ■ n »j Ia* 1SL 19 25 JSLili 
AB o JJJ ijyii dw jij 2 cm uU jy» gj» jk UL Jlk ji US 


J-uuj . 1 cm iiLu <-k AB ^JLcJl jlj^ Jj^sJI JLU j&jly CD j 
:19—25 Jii j*> . &-}* y* US ULJl yjUk i-Sp. olpjl j jjjJ h = 30 A Ijl* Jill 
iw -j>ijytMu>Sj»W MUIIt>BI ^ ju,* p jj piijSjuo-J>wiijilioUM 


Jill jit piiJl JUl Lfj yy jjJl 
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(<U.JrLu]l) jitt vjUI JjJI 


i JVJua) 

? CD j AB jjxLiJl ^1 p 3yJl oljfJl jo»j OL : Jlj- 
C«j*P chjU^I Cw up) I* Jj'>! AB ^Lai\ I* jLlJl : 4^ 
CD £j*aJI j-* Ul . Jjpl Jl—JI »—>. v>‘ «^.n AB poll ol i$l . 

, JLJI la —J i+ZL, CD Jfi Sjjjll SjiJlj IjJj II jlaaJl jUy p 

jJLa j-J CB AD u*jdLjJl jU o^Jjll Jpl «l*Jl aa>i ,ji £p-i PS Jip 

la £t II JaUiw j^JUJl 

jjJl JLxJI £_. h jUJI JpUj jfi OyL £pl Jt iyjll IjUl Op : 

J J] ^L->Si ji-ii oi ‘ Ti “P** j* «il*4yl ^ 

JJil <ik- p oLLJl Jilj JJ oi Bi 
L.aJ> BC j AD jijdiJl ^ic ppl aJl teli j-p a_i* Liii ljl*j : Jlp 
f Ui JlxJJ la* p&J 
Ji~i3 Lu- t AD ^JLaJI LijUa I* «L*ol ,>*aSl flpjll £-ej oic ia^)|l 

4 _*j 0*11 <>lj p3 jaJl obfcJ'Sl ji ) 4ji)l i)l ^~ i ~ , 1 ) j! Ja^lj Ul oL>ol* ^jLs^I 

CB ^ i^Jill J oluj pw-J 0J*liJl jJtijj . Jtfi JJ $r*-> ( £»P 

JiJ JJ 

f Ji-i Jl y Jii JJ Sjill 4 SJI Ua>m L* op J*j : J')-* 
oJJ ciy_>l IjLi . ol—»SLu* BC j AD jit jj_»y_jil o*P l*l*Jl : 4 ^?' 
0 *jyJI jli i JlL*Jl 0-* *»LJI j-1* j—IdJI 0 * 0 * 0 * J$ j> ’P* 

ji oLjJ JJSJj iipi jJu>) iij->Sl L*_l* J5 pj joSJ»iJl Jt O "# 1 
LUi JLl* o>^- k J! i>p» AD £il\ Ji iLL JS J^liu 

L*I5JI jpl oU loi*j Ji-i JJ 4 ^ <i}^ »j*J U*J& BC ^LaJl Jt i>u 
. (>}«i-iJl OiO* J» ijijl 1 

V ^Jdll ^yLc yy <JL> iy JL* jjSj Ijlij .' 

OjJjJl iyjl ol» <> liji® jp JLp* 0 ! : *4^ 

. jl*ill y CD j AB 
tCDjABJ* ijJjll jyU jo*JI _^uJl L J 1 >a 
iJaUIL o^J^J y^jp’ ji yiijpl cHp ^ 1 o*>. '■ 

: 19-0 

F floVa 
L " 2nd 

CD ^Lall io-LJL d - 3 cm } AB p«JJ vJlf d = 1 cm ^ 

; y CD j AB > J^l io>j Jfi ijijil jyJl .iiiWijJoJI 
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() jLt vjLLII JJJI 


_ (4s xlO" 
L 


T,m/A)(20 A)(30A) AA0AX „ , , 

2n (O.Olm) = 0.030 N/m (jWI J1) 


F cn _ (4?r x 10~ 7 T.m/ A)( 2Q A)(30 A) 
L ~ 2* (0.03 m) 


= 0.010 N/m ( j*Ji JJ) 


j* cilll jifi SjJjil »jaJI 


Fmi = (0.030 N/m - 0.010 N/mX0.02 m) = 4x 10' 4 N 
J-4*J kjill fiLdi JJ Ojljll Jjill liflui . JJI sLfol J) 


J# () bs ^ sW o^ 1 & 19-12 

O'W »>*! Cm \tf i IjLaJI iy*Sl y ytf J f x 

Jl JL»- Lj-mj jk j[fi ijy (joJI c,ljjjJl p 

J^ 1 * <Sji ‘ IS* uljJjJ' fjp j*J» jl* JyV jSI (1) 19 26 Jiill 
• *-*>> ^k culi Jlllj , JL>u I^Lu J*au JL 

Ol—iSl Jlliu J» ijJjll iSjS\ J* J-*l Dili jiiJl jjll tj»l3 .Ui-Lj 
J>> afjjJ f>p ji> ^ olw-S3 (jWlt k* Fa lk» ^ $1 Jl>DLy . JSLDI* y 
iSy-^t jlS Ijj i 6(jJJ fy* L»f-k £-w O' ^ uty*JI iM* . jyjl 
L_JL Ltljj C;>ii <1^1 ( ^llall JUi ^k Jill 
Jlx*)l bjJa> jJjU Udk CtljjJ fjfi J*i! JjjiJI & Jfl (jl, oljjJI 
A-j'i t. JJll ^ 1 _<u y JbfsJlljiLi £tj Ljk jl i Jill tvLh jJk ^ ..L I'.;li 
. 4-i <u** ok Fa iyU (uJ)L i*iiyi fly jjjj 


: 19-26 JL1 
ki-USi ^jiis j u i k a. a juji j»aj 







4-k>>U £♦ I Jill Ja jijll C,ljjjJI ^yS yjt Ja J^u»aJli j^fl 

• >* 0ljJ J W-J Fa Ch 3 ^ 1 i> ^ a* 
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( ) jiit i-DI JJJl 



(Fh)( Uljll ^Ijj) 

4_iaj a sin 6 j* (Jjill £ljj ji) <wlj)l £ljj jl (y) 19-26 JiDI 

j* J* W ^ O' 

2FAa»in0= jl^Jlpj* 

& . JJil J- <L>L* Jt pUlt B jju iyljJI ^ 0 i*u> 
^ l.rill J»_l) jlS *li , JlJJJ .^wljl lUI jlii 3^5j]l OjiJl [£y» o«^l Fh 
jl jJLt , Fh jj Bib U>jlji« itfc | > ,j -_ > - i j-iij llL J£ jli i I yh J-ullj ft y» 
J-WJ ft " NBlb ijijl j|j IjifJj ( <-iJ jf ) ol> N Jt bo Jill 

: jl^l 

(2 ab) (NT) (R nin Q ) = p* 

k-n'iS.i jl j* *jla"i~kij . A udll i>Lu jj|—' CmJ 2 Ct6 jl lL> /la la 

A (NT) (B »in 0) = jl^JI ^ (19-12) 

LxaJ Lwl j_a Jl j_lx > 4»li -ill olilll %ifc*J jiitilll oJLa 19-12 aJjUIIj 
t Jill jjjH iSjJI jW 1 (V/ jl J>j . li> Ji- *1 JU LfilHi-la 

19 27 jtl ilMJ • *-a* jU* <i>La ( alxil k_«L> Jj) Jill oU- ^»l ja jli 
J-wu jl—p 1 Mi ji Ji U* JiaJ ; jUlJI SjjaJ ^uabUill ^jjJl Lfiy jJlsu J5 J J jl U -yj J 

*(I) x (i= j*JUAll pjA)l = A/iut = A(M) (19-13) 

kJWl ^x> Jl 4_aluJl J ^Jl ja . Am 2 ^ ^a ji l i i l l ^\*ll CjL»j ji Ji>%y 

JjjJl J*iij ULmu—(I j_i a—6_jl JJ k fi -.JUl tin 4ii(i/)|l J»J y# 
:19-28ji« , . 

(i) j u Ja*j W* 3 (Ji 11 * 15 * 4 UM 4 * o&i ixW 1 0 1 ^ j**/) 11 

1 M </* J#* 3 j.Jl«»l ,'; * l1< jj fw Ly^utliia tiuJ jj Lai jLull ij^P jLupl ja 3j,AXa OJjli JJj 
Ji * | . | / a | ■ ■ | a j * 

, JJU Jji- L5 l j-utli«ll il/a 
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( amjMmII ) jikP will I J-Atll 

cii* ji (I 19-27 JSLiJl) ijjfi jfi Lil Uuu ^jjJl Jl>Jl au Cjlj IjJ 
oVL^JI jl l>i .. » ^ .I n l, ; ;. j£ Lljj jjjl ( I 19 28 Jilll ) 

• J—> T L^ J x 5 o^L»aj gi-Ulj ji 5 tf ji li> 5 jj , Ij* <JJLu 
L^jj ^ V» t»i Jl** Uu>j IjJ JJ 1 I jjj Jj Ja jpUj 

Jaw . j^Ut v_Hii j-U ^ jljjull fjfi ft 1*31 j£> j jljj f j*l 

jli 19-28 j 19-27 J-S-UI LS j**ll J! j VJI j-* <_*L jLS y > Jlill 
. 4 #UI VJ^ *W« 3 I jljjJ f)*! lf*u*l 051111 oUft^uJI 

. 4 -*l* 3 l LJjj> I 3 J |»jAll»vfl» jj Sjlli y* J^a>JI 'Juitjj 

jIjJUI n ji Ji>5L Ou^ . n ffU j*«li ftbkj'il 19-28 J&JI 

JL*J1 JjAyi j#_ijl fll*jl <U>0 Uijtg JU1I jl 5^*11 ji . ^iiWiill jy>* 

^ iij^i /i »l*3l JL9j) jjuii JU»j . JWI ^jJI 

<lk4rf! 1 $ A&li jW* jljjJ ®U«I y*Ji «Ja( ^Loi > *4 <j IjJ : jlwll 

J! jiAn - M Lf -*> ti U»ll |»}*Jl <l*l jli lifj . /i ftl* 3 l wiy* y^JI 

4 _>^xJI JJ ij_* jjj—i* . JLil jyl£Il Jl*iJI wtiaili j* ^jliJi ftl^il 

: <Jtil VI 

V } 6 «-*-V 0 -»j JI** <y jle> (“til* ) V jjj; 

i* 5j^ll ^ jljll jljjjJI fjfi jjSjj . ^- ijL Lu II Jl*Ji \jj\y 

p*)l ° nBsiaB 

B j jU jtf 5 jJA>JI y 6 Og> 
' I Iifll J)-* 1*1 idjl 4_JLe^Jl jjrfl ji Ijl Ijjk o*^> jgji3 JAwj 

j-* J-*i Oyvj . 0^1 u IIvaI ^yJI j'jjOIII ol^ :j>w Jl*iil »t»wl jij _V> 

fj—^ jj V’A** jAc jLull »«j-e JJ jJiuu ji _ ^51 jj_> j^ . k-wtll 

fl ftjljii jiKLaj 


: 19 - 4 JU- 

jLS > ‘ua ,i j-jJy tjift J>lj 5 cm sJoS Juajj ; oliJ jjul jj J4A-9 JJt J>jl 
. ( 19-29 J fall ) ^yjl gjilil jfcXjJ <Ii.iiIL 4 n e Ujljii iijjlj ^Lbi gjill j^i-a 
25 A Ojlji# ljl^3 <jy> ji jill ^ <ii) 1000 jl* iSy^i j^jHI ‘-*111 jl^) 

V j*m ll uilll *J v>jJl jlj^jll y> U . J5Lilt ^yi ft 1*3511 jjjju 

: ,j 2 Lft.li JYjlLuI 
? jljjjJ' ^ -i«*i ji«>lill ji : Jiy* 1 
»—OJJI jjJl ^->ul>tall JL*JI J U I j-ulatiil pjiJl Jultu | 4jl>Vl 
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() Jut 

: o!i • «>■*** • B j n ^ tyjll J*) <*i 

T*}]B sin 9 


: 19-29 JLI 

JJJ jJfi j-jjJ jljjd f> 4ji 
. #*& 

<“ ^_J»La 1I ^j*ll ujjKi p U : Jlj-i 
(Jill Ji-oj r ki«> i A-nr 1 i>Lilj p = AIm = A(JW) jl*yi 
? /i jUjI j> U ; 

Oj-* uaULj j^uH eli»jl Jt Jjj Ji iHt j»j | ymll jJI ^uL>i oj'i lj[ ; <Ll»Vl 

i_ilil liy-M £« o»Ul» k ol*Jl j j*i3 ^ 1^)1 

\ JWl< ytfWl ^UaJI JUJI Jt <JIJ! <1jU1I ^ L : Jl^ 
^jJjill iJUl o* J* oliill jjit ^ n siy> . B=fl\ nl jl?Vl 

? jJ^il eilil J J* aL*ji 4 * U ; Jljw 

Jim ^J| Ifj J.1*^ ^2)1 jJut jifcf ' 4 jL>1|I 

? *i* yy \5jJl »b*JUl y> U : Jly> 

. B aL>Jl j /i jjiy du>j Jill jjljj Jj pjjJI : ijl>VI 

45 c Lylj Jli ^ /l (UJI jl Jfi dJoI- Jji j! (JJiUlijJaJi 
uUil B oL*jl jli JUJj . 19-29 J-iiJl jj—«Jl JJ yij^l JxiJ! JU 

JJ Q>*i o£h jJp 1 

; yk jjmi\ JIUJ ^aJIj 

H = (10 turns) (0.060 A) (0.05 m) a = 4.7 x 10 ' 3 A.rn 2 
y> jjyJI kJLLlI J>Ij ^..J.-'ljuJ 
B = (4/rx 10 ' 7 T.in/A) (1000 Lumx/m) (25 A) - 3.14 x 10^ T 

J* Jill J* jijH (>JI u£ p i>» 
T = (4.7 x 10 * 3 A.m 2 )(3.14 x 10‘ s T) Hin 45° 

= 1.04 x 10 _< m.N 

.' 1 , ,i,lfri oL( .,i>ll j_» 4_>uLl olj->yi oijt J jyJI Jt bs^(» ^ ''i j, 
JJy :_w] Odw JLlil jLu^l _J» . uLJj£ Jl oIjjI ^1* jt uSll 1 ! 
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:1ft—30 JU 

jji-rf <1* jUjUloJl JU >3 
. fjl Jl yujkjiul) Ja-*& y* 


iii,j_ai* lL-I* ' j jlt jl-ik J—iijj (i) 
ii_Uj flaJ 
• N 

J_il J wi—Ul\ ; ) *«’. Vji* »j><3 (v) 
Jf-3 JljaJI ^ yJii Ui J#li» 

■W 


(<ij..._iMuJI) wU)l J*mJI 

»L*5l ^ JLlil djIjJ Jl ^jII f >JUW-j ■ cM V«JI >M 
ii^jjji u-jj* ^-jyji j>>^ j>> **wi 't'j 1 ** p> 

. B bI>J< j 1<j JUL.'Sl Jl Ojtfl 

J^xiil l^)Ij ol jiwjJyJlj oI^jLwVIj oljiw^jUUJf 19-13 

Lr 4>Uv JLtLi jJ Jsc) IjI CjIjjj fP u*J°* ^ d ^l> $ 

jSH ji-tJl II* CjLJ JLUI ^ jUI jUII £-» V—^ ^bj^ 1 fP 1 <j’ 

, jUJl L wUJ ■ULaIwI 

19-30 J-SLiJl J! jUL- . >ih)l 'I* y-» ojUj—.' il LIS ^1* J>« yi>_j 
jLJI Lijjpj y*J»li** £w* £p>* • 4 -& * £ ** > 

j j pl4-11 o>Ul J_» JUill 4ilsJ I Jp -Ip! L^lil Cj[* 4 uwil tl^J^I 

. (1 Li* ,y i*i*j Uj2*Jl 4i* Jl j*ALrj < ^1 «j* i*-» jjSfcl ) 



jjj* Jill <L|j i JbfJl ♦!>*- Op &l Jp* y-iillill (>Jl yl 
11* yiJj . jJIJI y-^UwJJ j-tyJf Jl L-lJaiJl ^ Ip* <*lH li* >*i ‘V- 
j-HjjJ r >V OJjjJ JllLj O.L* JjHj J>>y 1^5 C*« ^ oljjjll 

II* pj . <U jUl jlrflJl 9ii ljumOlu IjlJlJ jjlM jl ^ 
, ^*UI J jUI jWJ lllju 4 JUU ^1* ^1 jAh tfiW 0'j^ 1 ^ J lji * 


Jjj-fj LwUia J> 19-30 J^JJI yj L fcj l w f> -yi jlf^l ^ jli»3 u ojU 
WV yJ#ai »>^i j* f>»J J 1 ^ 1 ^ A?JI ;> v>*# ^ ‘- iU ' 

. ol-U tifS *Sj> <1»Uj ^* ; oljiy3Ul> SU-lIj t 

^IaII yJu L>J,J tylrfi* 

jlji* Ji£ Jlj*3'!ll JJ-* J**i - y-W 1 ■> 

y>ij yi j-*U\ yij • L^'y 5^ Jt. jl^l yi ji«u 

^ UjLu vUJ- 1 <ejj up Cli ^ <> - • J'p 1 ^ p |> 
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M 


:19-31 JU 

Ml V (i) 

<L_Ai jL_ull ,Jau Iti . jljilt yi jjM 
tfjlj-Jll > LaiJl LjlD) >S 
‘ Oj—* <**4 $a)I jluill ^jiU Wlj) ■ Ki 
jj—yk Jll<li*j.R 1 =R M /fiBB 

• R. L^i*!! MM fjM ;L* 

14 IjwS LjkL Jli bkiyiLa y*uljill 

• JM-MI JL&JPJcMB, 

j—i kuR, yM u-iLj 

• jWjl 90.000 Q JAJi*!*) 


() jitfi Mill w UoJJI 

ol jWiji« yLS IjJ Li* jjjy |jl ^ yj> jjj i IjiM ol >Ly 
i_tpLdJ QLi 1 Lilil ciUJ jic jk 4.i..> L»J l j^juu US , Ja>JJ }Uli« Dull jjSu 
illjj Uju JLpLai; jljjull |ijc jli olilll jj£ 
j-L o_j^i 'll jljj ^ lil i <1 Jju ^Al\ J| L--L>JI JuXi jlfsJl 

yl JJ£ <1 yj£j yl wL>JI £lU yuljkll IJJ* Jli ifi* . jUA I )&*ll yi j-kS 

lju* £• . ilj^-u 100 ft JJ J«Ai iMi'Ju Jx>u U li*j i JWU iiLJI olil 

^Jmu vjj-xuj o j_u 10 c A IjLu J»>i (<ui L yu 10 1 V tjlki lx^> jli 
1 tfi 1 mA(10 * A) £Lu jLu jjj_i ok jo>i Uj-i£ ioLill oljJuyiil> 
. 20 ft 

OljJLuVI 

JlIII olj y^LjiJl tj4_>! yLj l U Ojilj rjji A>l ^j3 jlll jUill y^Lilj 

jU—u iJLJl oik ^jj . f^ill iUj tuJj Jjkdl 

^ 'llji ^Jl y_j ^jA j-M ji £-k*Jl A_>yi jAe 4-^j jl^JI Jjj. 
jljJlj LfJ jQl jUJl J y-j~>u jtti ji j SjMjJI J jlf>JI J>>j vv-J< 
^ Li.lL P^JOI 4— Ijliu yl jtJ&J Jil 0 I ^ j"+^^ ji ji . tuU* 

yl J_I*1 jLoylki^JI <Sy>- yLj Jjj yj . "LlUj j'^^JI jkjj 

yi >11 ju»ji IjLi , 4 J 5 L* 1 mA _j> 1 jLi jjjt ole ^j^jl JJ jjy 
L,ul> yl Ju"*! Ilk pku yli l 1 A ySJj Iift j_l juSl oljlu yfciL 
ylj_k Jjikiuj JtLo J^L_» jOJ yl 1 mA JJM jljll Jya Hj 
LfJI Uilj JjaU ) jluJI jj->j ja^u 0 LLo LjUi oLoj IjJ 
. ( I) 19-31 J^*Ul jj r-^y )* L»S jlf>JI JlU ^o JjljjJI jIp (jl^ili 

. Rrn ■ ‘ I I I Lljiii y_l jl IS) j_A_sl yk_il k*JLA»>< Lk,Ui>l pju LjUij 

y4J . oj>Jl jl^lll p]xKl fjily yl JkJ C v-ljJLll jj*lll J| Ijk Jjfc) 

y —1 jJuoi y^iui Jjl^jkJI ^ <lLull icpAuU IjjlSkll Ljlill yli iu>D 
Ll DjJb Ju J~Oj IjJ ilsjof'ujl jj jlf^Jli IjikJ - LjjJfJU yjjjjliii yl 

^ li^J 4-ij <kjlju y* y^! J| A* L)p 

. /i i y\ O^lill ji kijLJl DjSj 

oi ^yji 

R 0_pljJl J_aie ^L_| Jjljjjl jAi Aj—yja kJL ijj y*Ui jAtij 

L)L>JI oi_* jlfjfJ! j*-**) ( v 19-31 J-Sill) 0 AfkJi jji y.Lil 

OjAJ . OjjljJl yAtS- yt 1 Cuii j* Jupjl jji yjij jiiklljj 

^Juw yLj k 1 mA y>j (^4 ju£\ Ijl^i jtpJI kJU UUWJ 'll ji>j 1 i5j>l 
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(‘UmLLaII) J i* J»wJI 



<ujli» iiLL <il»i U 'jjkj . Hi I J)l» jj^il j* <*** j* jLII 
;Lf_> ji i£*i jl L^a! ULi jj ii»i JUI *• J* Lm Ri 
iLjlii R jJ* fj-JUl ji jUl ji L^JU Ijajju H j*LiJl 
. jW * 1 ■>}*) (•“* J jh ^ jLty 

iLuMiill jljll 19-14 

jl^il ^Ju< i_ij —>o *i L«jju « x_ia>JI bj±>J oLulLJl ji LL jxJ 

jfixllS ) AjM^Lujj^LlI jiyi j* SJS bos JL ji a>j jjj . 
jLoJL LiJL IjJU jJUi jSJI jt> ( LfSiL-<j oJLjSJIj 


:19—32 Ji- 

uijij-. yi jjjj jii sJUjjasiyi 
u)|L_*u i_Jij J_!jjj . j 1 ulilii 




(') 


* 4 *' J* * 
*>» * 

i +■■% \ +-* i \ 

Jr 


(*) 



: 19-33 JL 

OJd (y) * 4—luLu i_(A 4±lal ( I | 
LyjjJ j*_i J 4 LL l jj_£. JjJaJl 

A-Sl f-Lsj (- 4 } i LJaij <aj*ja 

Lull Lilj 


Chilli i yLjail' 

JJL) j-i t—b-Jlj li> ijAM lU- Ll luL jLflJ lfS«L J» Ixlj oljjJl JMJ j| 
19-32 J_£iJI jj jj-Jlj Lib J A/u~*j jjJI ojjJI g>yj J| WJ ji*j 
jjjD^II ji . oljiju* ji 5ly)l Jj*. jjji tfji Ja olijji£J^I ,yu jiJI 
‘iLxi jJj 19-32 J_£ill jj jj/^J| JL jli 1 irfjib jL ul> JJL »jL j 
. 19-23 JSLJI ydlS JLo Iff**- LoMw 
oUx-axII ji, oLuLliill Jl -i« iiiLw obill Ja^J Lli 3jj»U» Liu 1 JLq 
, ( Qj«j) I j . ii< I Jj> jjjj vLl5 J US Ljau oliy_)_yllj olijjlSJ^'15 JjjxLI 

1 L4-Ju Jj_> JUj <1 >v1 jIj ( j^j jl ) Jjit uJ o Uj -ta.ll 4j^J ji JlL Qlj 

. LL>'om 'lILxj illi< jbOj jL j^jAi Jjaj aJ 1 ^]! ji 

oljjJI j_« jj_JS j |Laj yli oUjjiSJ^O O-tLLlI oljjjliJ^ 

Ll , LL j-53j 1 LjJLi 5UIS j^£j »-U]^i jli j^>1 olji Ul 

. JJS 1U 1 L-aLllAjjjiiJt j«jUI j» j yuu>J jrfLJl oljj 

J-S j_U jLil) jLull If mu J| LLsu j4 j&j U oUlf-i| jli 

4_L^jJ| jjLS oljjJl 4 i* tXu IAaj . Lvai <jjJ b LIS U-L»Lu UjA 3jj 
Lljuj jLuI olj LL J>b ju oljjJl ijj> v_jJLiI olkt^l Ijli , 4 jIk1I uJJI 
LL>Jl sj_» jo—>it pyLj • l LL * *j-aj LaJI jli t <j-L»li*jjji ijL jt 

. ^i vji jc 

lj .A* 1 j_i yJUlj LUijJI oLJ»La 1I j* L-i^j y Li . Li*> fLu 
j-ty> yul#3 JS ^juai kiuAj IfLii l_uJjju Lfili i jSl*j L i^wll 
JI J««jj . ifjlASil yLj lillxLl k-illsiSl yjLjjJ Okfili 1 JL- v_ii>J j» Ly 
l 4jlSj ^ oLJjLaIi ^usj Ljl f ysju ^ uil ^ji ui> 
^LS: Li{ oLyJ* sin L^y* oL-J»Liil ji Ja>jLj , (I) 19-33 JUJI* 

IjjjS lj>lj LJ>LU 
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(W>U*II) r* £*13)1 J*mJI 


jail ^JJl U y*iO j* lil U>y ) Jm oLuLLJl «i* oSp- Ijli 

Ji j^ i Ue oJlS ^jji f (_yi ^ ^ t ( UjIjiU jifi <^ 1 p 

L« i-ip* j_a; |J ijjilll oLPUaII J UWI si* J ( V ) 19-33 

Uji L d il n ll^ tuij JpJ 

f / 3 ^ ‘ l ^ 1 J*l'» V*»H# lifj ^ £~0j jJbOLy 

jj L*S 1^—i4jl yJ l-Lf-J oljjJI £MuJ pltuJI iLpj OypJI oljlj 3 *^l 
Jipij n^lU.kJi L_p Pji ol ^JU . (i) 19-33 ^iJl 

ijlj-xll ol*p j_i* l*iUL-L JiM pj| ^ . jjiSl ippi^pjl 
O-jJ/ lpi-i Jifi i^lpl oUJI > pU Li vuOSJ oljjJI »i* p», . LjUJl 
• (V) jj U«S IfiUUjI yjUiij <p cJlS ji)l |>LLII ,> jp; pj . L,[i 
^j^jj oljjJl 0 * JSJ UUi Sjxai lju» Ujie &XXJ pi! ip»J| 

OH ji& pi J>i J>S JU*j . jjjS 5jl j> i>jj 
j^Jl PilS** jltj ji H| ijill si* pi o£h 1) . Up pPLiil jjJUl pi* JJ 
jj C—*5j Ip -jJi c*;LS tijj 4 U* plAili* p jLpill <> pi $J Ijjj 
. ijjiJl oLPLiil uyjj! 

JUI US blip lf> 0 *. oo*j lij. jiyi ^jjl 0 LPIP 1 ^ 
oKUl jp Ip* yLU y* ojU yp; ppip,ill j|p ji Kj, (y) 19-33 
lilkj piyll jfcUll oi_» j-* J-S yjy . ju>lj dUjI jJ lip* ip JS J 
ll) l(l J-i oliU#; » ^jUJi AjiaJi Uki j^k»j . (19-33 J 5 Li)i) 

O' • piUl 6 ^ J—^ ^Sy 0-^1 jlkJJ UajJl jUjSll yi lift Cjj 

19 34 J-iiJl ^ US ol*l*Jl jib LUJ olilUl 

J (JJ Mj J <lilii oliU»i)l JjLi jujljJI J 4 yuij aLlUa Ji#j . ( i ) 

• jl* li» * Jp 

19-34 JiiJi US Jmam j*p jISj j^x>Jl cjuiL Ulj^ Uil yip- 
. oUJ Jli^ ^P»Uii Jp ijUs jill ^jyil JiJUU jl» ^Lu USj (f) 
. :19_34 ^ ^ ^UJlLill yip; ^ . JjUl Jill J jjjjjJI wj^jiJl pL. ; ^ 1 . 

jj E AjjC jl 1 ^ 9 i-i4fli%" / | j L, ~ 

j UjLmH CAHLill jam. 3l::.. a ^ jl J -^ 3;! j -^ 1 ^UilkiJI JJj pi-*j JJJJ ^—kpUill Jl>JI pi* 
ji-t o_Jiyi jip ,ua Pilpi opjij. jpi oPlpi ii» jJI dUj * 0 . yJi^. U« » JUJi 

1 — «i£ il-Jjj JLpI op) ji « 1 jLa«]I 

. y*jliy-ii.Jbu^ijLJI pjS ■ (V) ** ?•?)* US Jl*P olSUull Ja> p UPIjP 

PPiUmVL-v^vpu^ ^ -u li[i.^pp^jl^prf4Ji^u^Upio^i^i^iiy 
U-UJI AjoaJI iJU ^ ui 4 £jUm jj*> ^ UIJi olilUl ^ j+Jl 
j_p y jjlpu olilklll Jjj J jt li* Uy ^jlill JlkJl o£t yl i> Jf^li 
X^O>Jl pp 0 ! ) ■ JL*Jl oLpil y p I f U> pj p» “USLyp 
pj li!)U *3lj P-PUill u^ipjl jj uuUJIj 
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( AmuMmII ) ji* ^JiJl jjll 

J»_usU Lwjii fU Jlia olilUl j^Liil (> JL* Li , ( Lit^l 
iii* v**^ ^ 

j-. lijk £+*< JLjJl £,JJ Jjju, J olilkDi f U lilj 

Ul>sj (iJll JM UfpUj t jJyJI JUJ ^uSl j*mJI JL*Jl UfJji. 0i‘> 
J*-“) ■ j-^ 1 (>-5 jI*- otyi olL j^i ^ y^i 

• ^j4* UjtUw ylMl JjJiJI j4 LdJj yjj] Jit j* iijSJI ifJA+jJI 
fjULI *0*11 y«i J olilLJl 6li I ^yjl Jill J jUI jLJI iik, LJj 
LJjjJl dJij C L#-J L^iU jjJl 4yL>Sl Ljilyull SJUIl Jj \JujL J yC 
^ u-i yjU* £-ij)l Uj . yj^jj olilUl Jajjo i^iyji 

A * A * Jl uH jLi *i>U <>j , ylUl y-A d&l j| /,i lil 

U-* ^'>! ^ pku, l^Jli ^ JL J*lj cuwij IjJ yLJl 

l*y> lif; r+*j) jJJJl Jill 

yui La—Ijj » j>jL> j ■■‘ . i k t ’ uu JL»J SjLII LJU Lfcjj 

LuJ^J LiL LiiJ £>i ‘ 5 U 4 4 , Km k CumuJI ^yyjjLuiil 4jjUiVl y-~ 

. u 5 jU JJ1I lj_» J»L ij*. ( fifl 'illy jii* I'l^j |i* 
JUL-I 3 -e JL*j jlj Bo fykx, ,> 5 yi J£)l JUJI ^uJ 

. LjjJl oLyilull 

B l7 l£)l JL>JI y-Jl tyJl; ; Li ojII K m LyJJl LyjkUAll LilL^/l Jy; 

: Bo iuLli Jl^Jlj 



J j* 19-1 100 100000 0 ^ L-^L^yjl jljll y Km ^ y\jS) 

. JjJ-Sl Jlyll 0_4 3yij Jii JjJJkJI fj* US' . LfJ K |Jj Jl^ll jjj> 3i Cm; 
Km JySj |J 3 j . JLjJI Lii 3 i Jli^ V-yLUuwLj jIm 3 *j lyAj 
Jl >^ uf^>* r-^ 1 • VI— jlj-i^ji ^ Jji d 

>LJj yS I IfJ Km IjJj JSy jLkJl 4yi 34 •ijyj duubljjuljlj 

. A*iyi ^ 

|Jmj A-iy liiic . Jijj vJ,LiAil Jj> ftlitJUd U Ji LJ ooiJL-j 

t*Ji) i Ij_%- 5lyli ljj£ <ji jJ . J yy L l^jlJ lyli jLfu j jI^I 

<5}*i J Liiljj k tJ ^0^1 jiil ^j.aiJjLwII Jl^Jl Dii 3« £±y <5jlyj J^J>JI 
^ ‘ J—Jjjl ygi Js jjjill ajjk Jlj . oljll (> olli » 0 i Jl»JI 

. u-iJ>LlAll oliukl 34 ^15 jjo»JJ JjS'l L**S’I 
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(‘^uoi'LuJI) jit* J^ill 

. 0jLx* jlji iijiil »jl j> i>jJ Stt ^w-Jl 19-1 


Km Ajiity! SU 



250 


cJlj£ 

600 



5,000 


aa» 

25,000 


« JjJUj^» ii#* 

100,000 


« JilljUt » iluu 


1.0000004 


•M 

1.000023 


rW 

1.000012 



1.00040 



Lao L J 

0.99983 


Oj.^ 1 

0.99997 



0.99998 


Lull 

0.99999 



0.99999 


*111 

JLuJI ijlttl 


' ij* 0^ Oi li* Cu^ii jjj j^ll 

JLjJI »Jui {_>) I 4 j_u1jIjjL» jjj] ^_i«Jl Jui! Si»ij (i_r) t ^duLlwu JL>J ^idl aJ| 3AfLs ( I ) Jyu jl 1 
SjLil ( * ) I Jj* jJl ( j ) I ^jDl (Jill ( j ) ; «jjl »l2GI jlf> (_*) i ,^jl>j 5LJ i ) 4 
( ( ) ‘ J ) k fj*H ( ( J ) ■ jU“II ( ) ‘ 

v^UAll ^jUu^l (ii) . ( lijlyJ! ^J> <LxU <UjUu ) jl^JI ^jxi 
; jLuJJ J^t» ^JLiu<a <llL (i_>) i Jliil olj oLubliii ( I ) j* yjilb ^uLlull JUuil iuk»u y*y jl 2 

iJL ( j ) 4 jLil' <U> JL o* <* 1 > (->) 

, U <ikLi ji JUJI Ljk> «l>Jl JjJL»J iLsy ji 3 
. JLx« ji h^m pj i i - u >iil—< jLj Sjijll jIj*» v * * ' 4 

. O lull I »*nlc Ijj olulJl ^X>j ujuo>ll t — BJL <JjU1I f x>ss ji o 

* mil jill jLlLI jhi JLu ' i. .i >"j o Lull I i*iilg I jj o Lull l jj>j u.ui>j J F - qvBi <JjIa 1I jl 6 

. pjki ^wLuu JLfu jJ> Jv*uyj {ytu 4Ju5j iJdw jj 
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( ) jfo \wljj! JmmJI 

4 _iJ N o uii* * yS j* j_k (y) 4 jLjhU JjL^ ^ j i 'i .di ilL j* <ujm iiL* jk ( I) ^-abUill Jl>JI y»*>j jl 7 
jj}^ J -111 jji* Lu^ (-y>) UL>JI y- 4 *J jij , uy« Ijl^j ^Jy <-il* jbl* y (-*) lijLu ijl* J**y 

oJaj Km ob sjIu tiiiu jyL LalCj Lijli 

, 4jj OA« 0 J Ijj 3j yAl ^M^LLtAil JLkJI jtij y]l tills , iajliJl Jiyi luij j* jliio jl 8 

. kkw Ji* y IbunLu jv£ y olilLJl iJ'ijj y^iMiii ijL» j* vjj-ai A~ 3 ^J Ljif CIjJJVj U uJUtfu jl 9 

, 4o>mJI o^iU jjLl[ j^*J Jy» jll U jl 10 

O^jJ! f}c y-*: jl^ JU* y j*u £->j y jfr LijIp ijl* J*X! uiL l* ^ yil *L^i\ /U jl II 

oULJi j 4 ijii JUa j_yu Ujic juji y* yyi 

<**-1^ j«Sii»bAll fj*JI <*Ij jl JytfH £jJu jlj . Ijlu Ja*5 S«jaJ ■U-uJIj JU-JI jjjJbill j&4 JA>J jl 12 

jL; »3 j*J 

. yuoJy ji yu»l J*a) ^.xkL* JyS j 5 jj jlj ^1 *aj tfpJ y-uiyi oLJl ^is ji 13 

ollw^Jj *Ulwl 

J) (^tlAAjU j-wIjUaII JLjuIl aLuL jill Li . K' > m « j*£ JJjA> jl*-** ji ^yisljju yuLuiJ JLUI 4ylai)l yjj 1 

V J! jL-il yj*Jy IjUj ? jL-ll 

^_i jj-iiLy 10 A oyai IjLy J_*>j uJ^ySJl ojj*)l oJlSj . 3 jLuj jy jS^il jllyilj klu “ > « 2 
^k &yyil i_iyjl <rLJI yjlip oL^uI fi A s^ljiu Ijlu * <LcLJl y^lic obyl ^Ss- 

• & JS 

j jLa>j Jy> Juk jjSJL JL» jl 19-1 ^ JUJI r*0y. 3 

Lyi J^L> jj «i!l «>j Li> 'i11 oLu_k>Jl j« iu'v> 

‘t—iLi pl.iL l _iL oLj _taJl jL*i ^Lii* . '«-wy* 

olyil jkj ijyj^ll Jy> jIjS»I jk <>^^4 
OjLwj dLiiuij jyL jli jj 

9 -**j 1 f i_.^ 11 ^Uj ^£, j «h 

*-ifa) 6 -t^° j-f^y wi-L Jib Jl Jjj jjyflJ ~&J> UU 9 4 
. ^yyji jui jyv »9^ 

l> ^SaJu yLs y> JjLJI i iliiil jl lil^>l JLL 5 
1 ' Ha ^-juu Li . Lr tlutlL 

i «UaJI j^ <uuu <UkL oUj_ySJ)'l j« 4jyk Ljk 6 
J_» , ^cUi k> 4ikjJ< «llb J^L> Jj>U oUjySJ'jll j|i 
jl v 4iUl LLJj ^ Jl>yi "j <jl rliii-il I) WI j 
V j-li LL jLy o>»j ^ 

jyL>JI y y>*ll v j_pviJI yO y>yi x jj 9 \Jl sL»0L> 4 <yu Oj>j y 4 oljj^SJ)'! j4 4>j> oijj 7 
lillft jl£y <ILll jy V JUJI lj_4 »L»ul *j» Ui 4 ,j~ui>L*4 JUu jy>« j£ ^Jl) <jl^»J^I IL» jLS bli. xy 

. ^j-JjUil j4 ^ jljjS 
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() jfo vjUJI 

<Sj> jjfi oHJi Jav J^S . ‘LmJI ji Ojju Uku J^> ju Ujo£ oUa~«>Jl j* i«> 8 

If jJji^ pi j-jJ>Lu Jlxi j*l y . Jl^o'i'l k-u-u jjJl Jl*JI JA>3 ji iijiJI 

. oujjll)' obfj^l jJ p ku« i y»uJsUju Jl*4 Jli* jlSj k-i>jll X jj»Jl »L»uL liiLiL^I Jk ji &y)ji Jl* 9 
jlcI (_») , jyj&i'i 4j~oRj Ji^mJI acI (o) . 1*j J^aju jl)l fL/j'iL L»L> Lalu*l lilu jyjjJl 55j> Jj (1) 

. Vt = l/y 4 Vl t 0 ji jl j*i ( j ■) , l>r = Vy l Or = 0 jl jj jj>l SjJ 

LiLij p.i L*i» /i i> J_JJI Jl a>I j j« Jii: jjijijjjl <^11 J>lj oUjji5J}l ji Jj*j lilj 10 

Jini .i7 ^jJl oljjjijrjJl jl J*aj 4_l_txj ji IiIaJI p JaJI jl j_a>^ j^vkl Jl_>l jl yrijjl . LjSL tjjli 
? jlpJI di J! jLoJ j! jjj jkki J <J o$ jl dbkSL*^ Ju$ . oUjjS5il']jl 
J-d . 4_J}lk 4__LS j_£ij j J Jfi J^»>kD J&i Lf. c Ju y Si £* L*i5Jj J^yll & J j 5 jI* 4J ji ,>/*! 11 

OJAuil jjiaJI ji *LU li £j33l ? LfcJi ji jl 4 4*)L jl k>j* oIa»>«J ji Uj5j jLill jld OJ U jt,jj ^ » kl. ■» '» 
jjjj p_} . 4j >I <1*-^ jl iijji Jflii ikJj* ‘L^l fn ■ J*** * 1 J* ‘ J* kt*-*! £* J ^ J U«l £jk 12 

JLxJI Jjuj jLikill dULi ^j-l* SjJjll JjJUl j 1 * k-i- x Ki tLiiJl iluLdu iJuii ^UJl jj jLiJ ^5 oljl^ 

V ijiiJl ojjk Jk Ja dUljlcI *>ji J* U . LuLJl Ljl£ j»Sw ^tliAll 

pj U jijH\ rk» Ji J«ki jl ( j>jliJl *Uu5l ji jijl\ J| i*jL5 oL-> j*) ) AjiiSJl <*«l'l'l K 13 
£l» j_»J <—ijlill o U uja. 1 1 *u—uJL oi . (joj'il y+ Jljlkl LjJ> jl iiD3 yUrfl j>Ij . Iji^ ijlc jSi 
J->«u IjU L i . u i >■ I,I..< I I <£jL\ , <u^j iij>'il jA jj^i I j .i jNi ^ll oljijbjl jli ^j*A> jljiil ji t ‘IjJ-l'il 

, VjiuaJl oi» a) J J! ^ k 1 - ^ 1 

JL^JI J^JU Ca_>J jj_)jiilJ! 4_ilj jjj 4_i3jjjiJ! <Uj> k^jbu jjJl i->lj^l jljJU i-AijJ \jfjjj Ja*i ji JjL> 14 

J0>li 

(B) j-uJjllill JkJl olo>j 


1 tesla ( 5L3) (T) = 1 N.rn/A 

1 gauss ( ^jl*) (G) = 10' 4 * * T 

(Ho) flyJl A^jUul 

/Jo = 4 ?rx 10 7 T.m/A 

(/j) ; U ijjj j-ufcliill pj*Jl 


(l - DjaJL jl£)l jljill x 4>LJI 
= ANI 

. A.m 2 jh n oli»jj 

• (AiiJ L*jl*p jiijl pk^'/i >l>3i ** /i »Mj 
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( ^ISII >i)l 


: duLl jjLwj oUjjaj 
(B) ^UIJM 

jA B | ^u^bUii Jl>a j Ijl^ JL > Jljk'lll dj>j ^i* ijjjJ. 1 i>jiJI 

d F/L 
B- — 

. (D 5LJ oIjl»^> yrflii fl jti SI olj>^ Ifit I^juu / j L j F j^Sj Ujilpj . dui Jjfe yt L 

jl & jJk Sjijll V- ^L dl ijill 
^ B ^-uJUaj JUku ji Ijly JjbSy JL jk 0A>j ■U-uLLuU' Djil jjSj 

^ = Bl sin 0 

, y*^ll jlJI SopIS jjJl I j B jt Jl £» Luku SyJI sl>jl jjS^j . I j B j* 0 ^iu> 

: 4-*k> 

I jjj^ LaJuP l_yu? jjSjj B aj kikU I jl^jJi jlS Ijj LfJ <±/i j*ai\ juP U SjJ^ll CutLIldl 3jJJJ 1 jjSj 1 

. B JlxiU ( IjLoxij Lji^4 ji) lijiy 

jlwjJU ijjjll iu^ldjl SjiLI ji*JI jJI ijxli 

jL^lll j_U SjJjil v ^ UaII ojaII iJ . jL^jJl ol>oL; jWI jl jl> B Jlv<JI ol>J^ ^i*^JI ajLL ji\ 

JjJl 4»ljJ 4jkiyi iLksL'l ^ jjiil 

4ixi jk i^jll byJI 

i Ujljik 3 jj B j-uJlkk Jl>J jj V <ry*» J)j>5J Q UX- Ji) jdl 

F =qvBi 

j-JI Satli ^lj>3-wl^ oLxvJl jJfi (Jill oyJI sUol ju>ujj . V APjJ< £* 3jl*Lu1I B i6y> j* B_ tiu> 

, Ilk jdSk jjfuj LJUl olLLit jic S^ijll bail »l>jl Ul . ^jljLlil ^JJl 

: 

J_L J_ap ofuj )l i_L»Ji jjiyi ^-Jp'lill Jl*Jl jji 4 v a 5J>JI tLkul w LmIj sa«ku >u_ui>LUi ball jl Lj 1 

. iSj>d ilxi jd 

UjJki uLiJ Jjilj ^ jjJl; i j_pdJl ^»>.i. « Jl ^ a ti n '. id I Jl»JI 2 

mu 

qB 

. jt^cdl ili5 jh m klu> 

J^jii 

j^£it Lijj jli <i jllI jLjjJI itbOi ir -Jjllu Jl>a y J5L2JI JJ**-* j* j *U« jj J-»jj IjJ* 

: iijkib Jbjo (jjjl J_y» Af>j jk-o LullAjB ,1 j, JS tu IjjIaIi j_jLj 

Vh = vBd 
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(W’WI) 

. B j I jk ^ Jr JI >,11 >i J>i y d j jUJ iL*L»Jl olixiD * Xk-^il ^ v 

. iixill 0^0 5,141 jU j+*]i ljj» (OjLij) a*Wj 
jgjl> JjjUi !±y Aj^jj n UiJI tjill 

. > J* jlij'r G'j 1 * ^ SH *# 

F hIJt 
L " 2 Jib 

^_> U*jl>i jli y oiUlj il^l > ji uljWI >• 5 y jl &A 60 W 1 **Ul j> & ‘V 

. >^l iUjI 


: 

, <ii "u>Jj! p,J*S jiii pj . J ij *il 1 

1C = 1A.» 

jlrfjJU ii*M o3L£i2 & >li)l JM 

; ^LLa Jjjb jljl 

B M 

2«r 


(a Ojt# JuO ) Jjib JU jSji 


hi 

' 2a 


. N Ji aJjIaII do* ^ tJjU* 1 ^ ^ 0^ bji 

^yo i jut 

F»m 

*——=HonI 


Jl^Sl oa>y oUUl jit n i oi«ij ^yiii jj*ii n jjyji Jy» b • k -*# > 

jly Ijjt. > jSjll yljjJlfJ* 

Jbfji »L*ji /i » mi m *>1 JI J-^ 3 W JL ** j* hi* £*y ^ 

; UjUIL »l (ijAJl jJwy . B 

T = /iB sin 0 

. b j fi j# Oj^mi iyiyt ^ o ^ 
mtui jiyi 

Jmi ^ **>.) ■ Kn > W>l«ll l*M!f J “ w W J, y i ^ L * 5J y® 

: ^jUJI JmJI J! Bo **> j-Mtli*. Jl*« j* C* ^bJI B JS1 1 j-«Wiill 
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(iuJbliai) ji* * w Jl 

: olii Jl jiyi ^Ju> JJJI |jj» JLj 
Km 3> 1 ; O ^uJ n ijjujjtll 1 

Km > 1 ; a j.jiiKuAjljL]I 2 

Km < 0 ; OmJ»UA* L^ljJl 3 

_ JjLo 

19-5 Jl 19-1 & pL&1 

J—uLLill JLxJl ^ySj Dyl+t y^dl Oj Lpi 32 A Sjljiu I9jjiJJ J*i Ja> J*>^ 1 

j_U JLJl L^j jjyj yJI Syil aLilj jljL* a»jI B = 8.2 X 10 4 T LiL JL 1 J 1 i j£ji\ JxJ 

. 2.0 m <Jjl» Sjjill Jk» jj tj> 

jjii Ubill J-b jJ c^j5U Lr -uLUill JL*Jlj . ^jjSl J»* ,> I*jv y*l JJ 24 A tjU* ijL; U J-«jt Jxx. 2 
? J^jil <> GO cm d jL <•}* Ja jjijll Syl! ab»Jlj jljuu y> U . 8.0 X 10 ' 4 T Oxlj 5y L* JLJl yj txjy 
<Jii |Jxu 4 j-«J»IL* JLx* olj <udu* ji fi A oxi IjU* J*x* JL j 4 1 m »y- Ja 5 jJjll duJi k_i_u*.l 3 

JLJl JiA i/jyA ouj< 0.75 T 

0,5 T 9 jIjI» i ^~» 1 ibL* JL* sLjO'il ■u-JL 45° L,Li* <Lylj Lju sbvji y 12 A Oxl ljl ^3 It Jxj* J*>* 4 
• o* 2.5 m djk yt SjSjll oyjl jIjL wju*>I 

S* 5 ^ ( A 4 _ixi Ijlj JxOj oxL* jji r = 10.0 cm JL <, JLJl 3 * i^ilj lyt jii-J 5 

JL>JI J-*» Js. SjJjll iJSJI ijSlI j*ji (I) . y*i Jl 0.1 T Oxl pLL ^ij ^-utlL* JL* 

• 3j^l o* 0.2 mm jjjj JjL y$ Djijil iyJl k-uJOJL x»jl (o) , ^»JjLtil 
j-xj** Ctt-; Jjj-L 120 m Ujb JL y* jaj$i ^jbLiil JLJl yy ^1 9till jljiuj al*ol yu»< 0 ■ 
J-Lw 4,0 X 10 ft T y* dkJl oj_» ^ {jijpB JbsJl Ljuli jljit . 80 A 9jljii JjbJsy 

. jljil aLfJI Ja 50° IkjljAt 

ilLJi . / SjliJu IjLu J-tAj|« 0.18 g jjlll dtf «iwlSj i yy _ jjji oLtO'il ^ iLu JL 7 ■ 
JLJl JjUj ‘U^ibUJl ayJl Jju»o jLi ^jl jL>»i . JUill _p 0 l^ei cjCyj O.G T ^-ubLu JL* 
jjil JLJl &>yui) j r *> Ui »i Jlxi aUjI la*Ui»j x ^ JL j 15 A Oii jL 8 ■ 

<ikU| oL L > —JLJl jljitj ab»jl j>ji . o>yi.y »l»Jl ^ Jl^bS'l »jL>*y 0.18 N/m LjIjL 
J-#l»ll j—*J»U»1I JLxJl So-! ^ji L . 0.3 A 9 jIjZ* ljl^3 J*>^ 24 g <ibSj 1 m djb 3^0 J-e** 9 ■ 

* l*Lj jjj tlj^JI y jik| *k>J jillj yjJuUl jlf 

y j * pi? J L> 0 l j-® 3 A Oxl LLu 1 30° Ljlji* iylj* <-x*)ll x j y±4 jit xy jy-Jl JL J^« 10 
LjJ ^JLp OjJuI < , i unb l i til i Jl tLulj jljit 0 >ji , 0,04 T Oxi ^.. ub l VO JL* JLJl jit jJj jjj . L>yi 
jlxI*L (x^) j l_JUI y j^xi jIJmL (w) k x j^** jlji*L (I) I^Lm JLJl ^15 0J 0.5 m IfJ^b JDl 3 * 

. v**ll 2 j>>- 

oyjJL IjLp k y «Lsx>*^I £ 24° Ljlx* UL xy ^jiJI y jjo J^« JL jlLu 11 
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( Q*J t L«1I ) jittf vjljJl JtflJI 

u-JsUaII tyi\ #Lxilj jljuu Jufcjl , 0.04 T y» kUll ^ ^. j l g Uill JlxJl ^ISj , jjjJUl y j x yi jxj 6.0 A 
i yiUl y jy»*i (y) i yJUl x ^jx* (I) Jjt Lfxiu JlxJl (jtf I3J Jyjll j* l m IfJjk *•!»* jk Syjll 

Z jfX (-*) 

19-6 pill 

jj_i ok 5jjyll iyJJl jIjJuj #LjjJI o>jl . 5.0 x 10 4 m/n Ujloii if j-u x j^xJ y> Jl aLfJ^I ji jyjy *_jj3 12 
i j,_jjxi jLxJI (y) I yJLJI y aLxJl ( i ) ^ Oy JlxJl yli IjJ 0.04 T *iJui ^j-uLLai JLxj yul> 

. yJLJI X jvxo alxil (-») < ylLJl 

j_« ok sl^ol a*ji 6.0 x 10 fi m/s UjIja* kyy y j_pJ y*jll y yjySJl Jii 13 

y_x^ll .it jj-x* alxil (y) i yJUl y jjx* at)ul ( I ) ji JUJI jlS Ijj 0.005 T Ajj_i ^yklki JL>%« yil> 

^JUI Z jjXi jlxll (_£) j 

jyjl oilS IjJ (, JyjjjJl ^k ^yjl kyJI L* . 0.06 T <3jui j-jJsOju Jlxi ^k Cjjii jyjy Jyy 14 

! 5.0 x 10' 14 N UjIjJL. <jk i#ll kJ»lkll 

l* . 7.2 x 10 " N UjIjJu oyJ jmuIjUm JLx* ^k jjyf 4.8x 10® m/s IaJJu kyu Jyw jjjlilj yj/y 15 

V JlxJl jIjL y 

y_>yl x jjxJl jy 30 n Ujljiu iijlj ^Ai 4.0 x lCK* m/s UjlJU kyy xy jy-Jl j 0j/^! ^ 

lyj oiyuj oy4>UAl! a^JUl jlxLj ol_>Jl jy-J . ^Jk 0.065 T Oj-i ^-JiGii Jlx< jk ^ 

. y*jll 2 jyx* (y) i y*jll y jjxi (y) i yJUl I jjXi ( i ) al*Jl Jl*J< olyji (jlS IjJ jj^l 
y_>j]l x jyxj jji C0 C Ujlku ojl} oLxjl Jt 3.6 x 10 4 m/s kljlji* k^ zy < 5 «S-*ll ji oy^ 4)^x3^ 17 
(i) alyjl j-s Lpsii 0.004T ^ ..jUr.:H JbjJl ^15 |j| uyjyJI J* 3j3jll oxLllxll iyll dUxJlj jlji» y-x* 

• v** 112 (-^) * sJ'-J* x (v) 4 sJ’- 11 y &» 

jjyaxjl jljk y» U . 1.6 T <Gxi JLxi J^Lk 6.0 x 10 7 m/s UjIjL kjy byyy. 1® 
? 1,3 X 10 11 N Ujljk JyU jiyuj jyjjjJl JlxJl olxJlj yyjjJ' k_vw 

JLxJI ixi Li (i) . ^ ..iItIim Jlyj ^ xlo abs>l J 4 x 10 H m Is kjl Ju k_yj Ijiii jyjjj 19 ■ 

jLxJI lj-J» jk yxo alxJl ji (y) ? Ol'ill k^xJl ^ kyj lilw jyyyi\ jjj J^kl kj^Ul j-ulsOiil 

^ **y J 

Lijljii ( £jL—u ) LLxJ 2 X 10 R m/s UtjlJu kj-y pjakt j-obllk JLx* ^Jk ljJ^*f jy)y Jj-Xy 20 ■ 
jljJu j»>)i. 2 jy-xJJ y*yll alxrtl ^11 ilixIJI y z jyol yJUl alxj'il ji 3 x 10 1J m/s J 

. j«yl»UAll JLxJI ol^olj 
. ^50 oJJL iyUI i)Ul tflSli 
Li. 1.5 T ojIjlJu ^Isuui Jlxi ly kkli J>j y 3000 V Jjljii ifxO jy ji Ojy^ll ( fy *) J^ 22 • 
3jj-xxJI UjjJI pti li ? ^Uill JlxJl y u^l IfJ M ^ (V) 4 ^ ( b J 1 

? ^fliSl lyji> ik iyJI Ujk 0)5 j jJI jj/il)' k^-j B J- 
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( ■UmuHmII ) jLt ^UJI j^AJl 


19-9 Jl 19-7 fL&l 

jU! jLJI J_*» , 24 mT <Jii uttiA, Jl*, Js> l^j^n 4 x 10 s m/s Ujlji» j y^ Jy, 23 

<i*S ^yjyi *i* ilyou 

, 2mT Aia^ ^-yi>LA, Jl*, Jt Jjy 6 x 10 s m/s Ujlji, It^ Jy, jjySJj ^ jjJI yil iy Jw> 24 
jljJI jLS ci->: o.&- |*5 , (*]*& j-JjUj JL*, l*. liki, y 1.2 m tjai J-oi tfjJlj jU y ujySlj dy, 25 
V *jL^I| <^a)I uLw JJ t'l.fi i x' ll Jl*J| »JLi y J 

; L-* y xy <iy~JI y i*LJ! Vj li£ xh #I*J| y 4.56 x 10 -27 kg *iltf t i*yi <i*JI ^ Jy, 26 
^ i jLL wll Jl*JI bI*jIj jIjL l*->I . 2x 10* m/s Ujlji, \»j*u 4 cm »yj Ju«j ^yij 
‘*Sj> p j,Lull ^-wkUAjl Jl*Jl jjui y L , 1.66 x 10 7 m/s Ujlji* uyw ^i, jXm <> U)i ob*-* 27 

? 0.80 m »jJ»i ^J.i v ypb jLu y Jy>ii t^..ln.>o yjij ijjl .-.i.j ,v 
• ( u^l >_ 4 a_o 6.64 x 1Q ~ 27 kg y LLlI UiS ) 

Ukl* >j y t 300 V jjlji. j** 1J jy JN> 6.2 x 10 ' 26 kg .Gljfy (9 = +2 e) iyll i^JJI yUi 26 ■ 

. Jl*JI JJj y jy^ll lijJUl jLil ^ki JL»J yu*>l . ^ 1 p IjuLuj 0.5 T *jxi Jy 
cJLi 0,4 T OjJ L* ku « U—Hi*, J>j y 300 kV »jlji, jyU jJ ^y^ 29 ■ 

V 4^ ^y^S! yll Wl Jo* ubw y U . Jl*JI i>jk> p 5juL»i* 

»L?Ol £_. I-uLAuj 0.06 T Uxi, ^-uklii* Jl*, L^j iikU JJ Jyx* ^ jy Jyi jimi J>j^ 30 ■ 
? cJy ujyfl)fl oIa>^ 4»ll» y Li. 35 an>J*J^> jyij jLu J Jy^ ft |jj. jy^l 
om UUw vi*^ B ^Ai fkiu JL>^ liki, v Jyjjj q ^ jii, 31 . 

. KE = q'¥ l BV2m j ; yjl ^ ^*JI liy. <51t ^,1 owl . r t^kil JLw Jjlb jL* j ^ 

. ^i.* >l l <Jji jt IK 

. 0.4 T <ixt 4 Jl*, Cjyfi JyMy 1 ev <£j> oik tfjSUl jLlI J* vo*>l 32 ■ 
c* 4 *^ JM» {£**+• ku> jJ 2 x 10 s m/s Ujlji. itj*> oUy^l j_. ^y. Jys 33 
7 8 x 10 s N/C JLJI Sjui oJl5 IjJ ^LAll Jt*J! S*S y U . ^1 *UUI jl+* >|j ^Ua, 

^ L^'j ^ k> y <lwu olijySJj Jyi 5 34 ■ 

if*Jl jjjj 6 cm yi_>yji jh <iL-JI oil^j 1 0.04 T iitully JL»JI Sjui oilSj i i^jJl »UDI 

J,*-* oy^i ^ y*l iyUl J*s uLw (o) 3 oU^yijyi lt^ (i) jl>jI , 120 V Ly* 

. IjLj jo>yJl ju . 1^*11 

lm »li Juii jjh jlo, y jjj3 lyii 0.04 T OjJ tr *«kLM JU, yy l^jyp oliy^jj l,y Jyu boc 35 ■ 
Jyc oUyjyi J**j yllj v ^Uy^yi B iJ -wfcUAii Jl*ji ,> J5 ^ o,L«ili Jl*Ji »jui y» u 

? ^4 io> y 

Lua«il 0,050 T <Jx5 ^—ukllA* Jl*, tLU'lf ^yiiA, <UjJl *liiil jl^* y pi>A_u 36 ■ 

if-*N jjj jljJi, L j—utllAll JL*JI juLau jjji-S Jl*, *Li^ 20 mm Ujlji, «L, Uyw i^jlyll 

f *Ui;i jl^* 6 x 10 fi m/s lyip^w y^il lxt>j oliyi y y> jyjU! ys ^lyi 
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y« jy»J ibb, »jy» jtjl* 





( ) jit* **U)I JmmJI 

0-» U*» o[* jili JiL gy p*-** y* ^ 37 1 

jju_c oljL« 19-2 p JJill • f i i •- > !! jl—* j»l* j>&i 

hjui Lu*i. oljLil . ol>«oUUiJl <i/ * j ^W-* 
JLkJI |jj» jljJU jl$ Ijij . LfJ>b Jl <*Sy OsLoK M JjIjuj JU« 
y UL Lc*.v» jjf-i txi li”>>I< a dubJi jjLA^ ifjJI ufii J+* 4.0 niT 

^juiUl p^oJL ijJI jU^I) V LyO •Utf'j—> Oji* p& * ijjj 

. ( UiJl JyM J £}) 

US <&j* i > 6 itiUI o* *$b*JI W p*-^ 1 jk* 38 • 
[ y-ij j^l. J>IJl Jj jj^UHS jU* j* (19~2 p Jii)l) JJUl 

iitf* ; loi* 0>ji pi Oj/^1 p*-*H J j# 3 *!) ■ &U 1 <l'Ul J* ^W 1 

. c itiUl J 

Oj^ 8 mm 0 jU Jul, liijjl> lj)l : 5 x 10 3 m/B UjlJb *>) 0* 1 39 1 

, 2 T jjIjuu li/il »1 a pjia-il JL^JIj . oUUi a 4/1 JkJI g 6y** J 

. jj^ll 1LS um»I 

19-11 j 19-10 4 UJII 

4 A sjluii ljl^3 JUm |uii- Jyt dL ■> 20 cm ^ &u a* j-eWiil Jk- 115ii y-* 1 40 
iju# jlxil iyLa jLull la* ot ililill JUJI iai m> ji Jt . 5 A jjIjL ljl*3 Jyt &* J **t 41 

?5xlO' s Tji^>J ^liill JkJ 

. 10 A Ojljii ljl±J jj5Ul j» JS J**y . 20 cm UjIjuu <iL* U^-Laiij oM 1 -*! b%$> u^- Wol 42 
^ jj (1) jljljUl <j| ‘ ChSI-JI 5iUI ^L- ILl jip ^liAll Jl^l jW* W 

, (jjjjiiu* j* (v) j ’k 3 ^ 

jlai, uf-ji . 20 A ojlo-i* IjLu U^j jS 30 cm Ujlji* l»U l. t I n i l 43 * 

Ijj ^1 £• 20 cm ♦ (jiSLJl a>i ^ 1° cm ou Js lS} 3 — ^ ^ il& xlt j-utl^l «k3lj 
. i^k 3 ' j* (y) j •kfll j^jih ab*^ 1 

»^| j 8A <Gjui iiU l;L‘ jW ^1L i jc ^>yi oLn^II ^ 6 A sjIjL ijltf p^ Jj^ JL J*** 44 ■ 

, y = 8 cm j x = 6 cm iJaiill jup <jj5JLJJ j. u .. L i h l ’ i«ll (^kJl <Lox» «kilj jIja* o>ji. y 
jijJu jjLi ij^l jS> JiP ^liiil JkJl ol5 lij t 15 cm U>i J-i V b ^ j 3 J* 4 1* L 45 

? G x IQ -4 T yijiU ^liill Jk*ll W 

ioi o»ji . 1.8 Q jyjj a^ISJI i*jUilj 9 V LpJ ^jll^ <UJJI i> iil <5U o-» 0^) 4 ^ cm ^ ikl 4 ® 

, Jtfll ‘jSj* jjp j-utli*! 1 Jk*JI 

JL>J| j_>ji 4 2.4 cm JJil Jj jli lj|j . 30 cm ilLJI in li) 2000 ^ Jyt jl Jl* uA 47 
y 250 mA ajlj&i jUj <J^> fi UjiP jJyUl JUI J>b j-JOill 
y o^lkll jl^sll ojui U , 0.2 T tSxi \ik» Jk* jW Sil 1500 & ^ 50 cm *)£ ^ Jl- p^W-l 43 
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( ‘^yk l udl ) jii* 

L» (i) . 4.0 mT j—itUI! <Jl*« JyL jJjl JU j>x» Jt 50 A ajlji* ijj J**j p£L» dL ikj 49 ■ 
^ J-WJ j-ISII JUJI jlA U (v) V JLJl j 1.0 cm lyJji» ULi Ja lty\ tyJI^UU 

V tjy* Ct* 0.5 cm jaj jk 

J*r J^ 1 J»jl fi A OjIA ijlu UfU J5 8 cm Ly* iiLlIj ^Ljiyu M 50 

OjaI^uI ^ (v )) o*' (!•) O 1 ;^ 1 b£i Ujukj>5ll jiL»^il i>i Jt. 

jLill oLi IJJj . 2 cm LJ* oLlI L.xk 2.0 x 10' 3 N UjUu JljlAl m»j) ijL ^y* jlSL v jl** 51 
? JLJI j jLiJI ^ Li , 100 A y Uo>i J 

19-12 fJtll 

^>_ji . 30 A sjIja* IjL; J*>jj 120 cm 2 Jill isLaj . Jii BxAL jji oJ 40 ^ JLJI ^ JJL» JkUt 52 
~L -J ijjlj# ( I ) Jl»JI JjjJai. cdLS lij 80 mT J»liA* Jt»* j y*) yyy yk jijil 

• JUJ p>JI p L. ( j ) . ^Sl J&»Jl J* 30 D 4ylj# ilil. (y*) j I M-mII ^k- Jk Ubou (y) j 

J-*« 240cm 2 Jill i>L olldj L ii>J jUJlkiLJl UJ ill 40 b» b& i dlLJI ,> JU 53 
4_*S JLjJI Ik kjk» oil* lij 80 mT Ojui Jl*j Jjl Jill Je j}jll ^Jl fy x>ji . 25 A ejlJu ijj 

• ^ Wl c 460 " V>*jy^y>jd m 1 >*3(i) 

V JUJ pj*JI y L (_») 

•-*-Ul jJ jUI jJJl a L . 0.8 T cx- JLxo 6 cm 5 cm jjLuij <U 600 *j J kw .Jl« jk 54 ■ 

? 0.24 N.m j* j^lall JUjJI </ ^Ijjj ^je ^!$ Ijl 

19-13 ^i2ll 

, btf 250 mV Djli. jjjuk: jic ^jill lil^i J^ 3 50 Q ( ^lii> ) ^u, ^^ ^ 55 

V 3 A Jxm I J| JyJ jSJ Jj5 

V10 V JJ 55 ULlI ^ j^jll Jj_po JJ 56 

J-£ , 100 11 j-l^ill 0.010 A jjlji. jLj o j* lij J>»y 57 

V 5 A ij-jL Jl jltj 

4 JUJ JiLn 

fi 43ii jkkJ JLjwi Jill jL jl ^ I Ojlji^ l^Lu J*>jj ijil djuau jy dLJI b» <*i]* jii-J 58 ■ 

. /-» JL*JI yy^ 0^1 ^Ls ijJjil JLJI jjiJl b\ dJI . ^SlkiJl £1 0 UbjIJu 5^lj ^ sL>Ol y 
Oii p-kiL ^ nU' . M Jl*u £i Jl»Li* iiy-a y 8.3 cm o^Li J-L Cyb IjLu £ii. ji Ja>^Lj 59 ■ 

* jldu Ji^^i , 2.0 x 10" 22 kg.m/s j, |y*»Jl dj#o J5 J Utu* oL J ,> x>-j 8.0 mT 

d J . x jy*4 ^ki 60 u Ljldu 3x 10 s m/a LjIdLi kj-u oldU^I J^i Iku ^ uj^J Sii 60 ■■ 

^ ^ • ^>0 x j>*dl «LjJl j 0.006 T Cxi j-uLLu jL»a 

• *i4* JUilj x ojl^i L»lo>! bi^j* J| <p y* Ji> : £u!j 

£■> l-i*Ji» Lfaj j—ukliill JL>JI by^> jM>x_j iloSJl JJn Joj ^ ^0^1 £jxj 61 ■■ 
6.6 x 10 27 kg Ifu J£ iljij LxJI ^liu ^UJlj doJJl Jo>_j j>i ylS Ijlj 1 0.4 T Cxij 
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( <U. Jl'JI ) jM- JJll 

SiUlj (V) i j-*yWAll (JbfuJl J* ji-k/jl i> jUI J" ( * ) 2 x 10P ffi/s UjIjL ityM 

. j* 1 9"99 xh CM“*J °p lj JU W** l£ J4i l*Je J ^ 

JJll jy*4 JiiLL j* jyjji Li* ij . 10 A OjljL Ijlj3 >>*j & jiwil- j£J U) GO V jJ9 62 ■ 

JS Htf* *«L jail jLII Jo . jyJi £. 20 ° UjIjL ^(> } 4x 10® m/s UjIA ^jUI 
, j^>Ji £. jj-bou jyty Lji^ Ub»l J! ayu& “r 11 ^ 

. J Lj J oli ouei* yldL. jjJ 4Jjl» 6* j»* Jfl 0-1N ojt) 1*6m # f**-* JL ^ 63 ■ 
. J ui‘,;ii yLjuJl J-Jub o& jii-i j^LJi JUI liji. 65 A ^UJIj 32 A Ojbi* IjJ JjJI jJII J**<j 

? j j<l -I t yu iiLul jIjL J jIaJI JUI M 

Jill jJiij . lkk -4 BjlJm jy 100 g tfliSj ill 50 4y 15 cm JL Jjl» t JUI 0* gy Jl* P*i 64 “ 
pLiSl x>i ^ JUI jUI jlrfll jIjA. y U . OuSl i>H jlyj 0.048 T yii j-JUa* JL^ 

V SjJuil ^U jp 

txj* jj Lk— JJll jiju^j . 50g tiltfj iii 40 ^ 20cm »>S JUI ,> jjib JL jy*i 65h 
J uj lil Jill jJ jUI jLjOll jIUu U . ^Jjll ki*JI £. 30“ UjUU iylj 60 mT <3oi j-Alii* JlU 

? OJuiull !>: (jl Jill 1 > l j^l 

IJjlj i? y JJJJ ^Ji-UI jJmJi Ju^jUyB Jyk JIjJ Jk >b fliilll j-^UAll JM i«i £ki 66 .. 
yJ*J olp ulS 131 ; jy Jl Jk ^ li)U UD^! ^ ^Ui y L . jyJi fey ^U '^ 1 

! ^jyil JUi ^IJI jJUb fljLJi 

Q jj, JljjSl ii.i>J oil Sj Ju-^JI <> iiy< ^ ^ 67 ■■ 

JJ-b ^^Uill JL»JI jlJu Li i f uj JiJL> J^j** Jj-> jjJ3 U15 bli. ll^ <1<)I» 9A 

« tpjj^ olixill i5^> j> j-ilillj 

. 2xl0< m/s UjIjL ^ 'i^Si ^ LJ >L^j 4cm ^ ^ ^ Oju^l ^ 68 " 

JJb j^UAli J JJI SaJ (I) JL>ji . J U ^ J # 1 ^ 1 ^ j -^ 1 ‘M!) 

<J 3 L j, jkeiL JSJ ill 30 ^ *y>i 9 Jiil j* J UI ^ M J JUI 
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jjL$( j_u ^JLaJI ^jJI ^UuJI jjjlll o^li jaJ 

: 4jl_ujj < ,u.Lc oljLxjj i-j'yj ^_Le k jj^Jl jj j ji jj 

1 L—XulyjJ' JJ bUuLuil <^jlxjl USl 

JcLiill pj£ oLSjxj! j - j jj ^ill ijiJl ji jLiiSlj 
JLtflj . W>WI o'ibjJI <*»j^iJI oljWI 

. ia«l< <4~ul»liiil c/)llx*)l lf*lu[ 0^*4 0* 

Vi—j^J^Sil Lliilj juUj 

, J-aill li» J> tiJlDl 


J.J. j- <Ci>"i..ijl 4 -uj^iJI 4 jilJI ijiJI 20-1 

^SjLijJl JJl 1 jlfi li.jiWiiii O^Lkj jjy oljlyjJI jl uiliiSI pj jil 

j_;jl>JI i_ul_>JI ljj» ylj pJWl ji 5 jU sIijjvj U5J . 1820 pic y* 

j_»l jL jjj . o ifcuil^ll jtljlall ji iijjijc JJ Jjl OlSufil p3 Ji)' 
*1,1*11 oili IjJ. : JWI Jlp Jt lfci\ lj|y» JJjI fM V1H 

■ -■ ■■yj « V CiljLj rixi 4,1 .iitiliill o’jl > > 1 1 l ^L»j “Ail ( 0*1 lx* WJJ 

jbljLi JLL* ^_Ip Jlj-JI Ijui <4^1 j+k O' Jf* 0 ** r* 

_ 1797) iSyJ* Jujy* JJu J_lc Coui Jii-« Jii*; . (jSL^J ji (1867.1791) 

, Jii J^bll Ioa J>yu (j^l pji L>) . 'wxjJl olityl (1878 

Jj-Pj k*» L^Sl (Jxlll oL'iy J Jjjjw J* <*-“ kr 1 j »!>** 

. £*ij]l klilj j ywi pJuLJl jl# Jjils jeJb £y Ifj yi> p) o,l*i jj* , y'UI lit J*15 jjp V 
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( tioJI) jjyiJI 


' 1 ' ■ ( I 1 . / » » i. m1 l jlul) Ji'yt Jaf- 

j-i yiii o4>J ^ 

■ j ji JL-» j*j 

^4 6 Jj|»^ ^AAJ LiLkll - _ ‘ ^ t . 'A 

lift Jfu)l jU 4 ^-oiiLiiL^ JLxa)| 
jU L# —( jilill ) Jajib j 
*—JjjfS * »V u iji '■ ‘ i v'u ^ liDl Jlijj 
. Jo* ji ;W 


^ej'-un ^j'jjjyitiusi 



: 20-1 JU 

J —^ Li* (LlJ#) >*4>.W 

y-ijUJ^U^UicUij^l 
jjJBj . jj— iu iJli yi ylUStfl «iUl 
l—<0 'jjjS jSi jll yi jljiH uU^j 

■ (v) ii* 0#* ^ 



L*l i> L ( I ) 20-1 JJuiJl jj 4 jlj 1 .ll oljuM 4jj»uJI >JlA yl jL.lL L-.I 
<-olW i> Jj^ 1 jj£s ■ JIjjJI J» W*« JS j* < uAh irfjto 6j> 
. ^Ltdl JlU»Jl j» L_U«oj J»> Liyl* JjJj JJ~/ AikJij Jlyll yL liw J~AU r^4_J 

■* 11 . Lfj ■ * "lj* lulUl Li ILjlLJL J ^*j 4jS bjljuJl ULj ■ ‘in ijjt yk jlLi 

( (1) j*J^> <J j*ji ) J'y 11 J* S*k} 4-*i S^ 1 J>» J&-* 

. jyllll wililj J*-H L a will I lift' OjLkr Ll yk JjliO 'll 
ll 4Jjilj ji Lw pljo—ll yk KLo j^Sy-, J^UJI jLjJl yl a»i ykj JJj 
1—xJ r_ai y r Lliil jlci lit yl>uj 4 aLL> 4 ji. 1 L > ji yk . . LjlLu yk jyLxi 
pJ jl_»i jjL»yUJL>JI j-ij4 Lplj iksJJl 0 jjb yi . Liljuulll (jjljl yi 

j^ylUl ^jlji syij IjU jti ^15jL»jj . JJ *j* lyn 

3 3 _LU jJuaj lit ) 4_IjUsv 4-iylSII DjilJU jLS jj L5 J4^ll jXsij . 5 j^«4>3 <lx>JJ 
. rLiiil JJL «i ^Ji 4_jj pLu Liij 'll) Ljp>j ^LL*J 'll' ( lu^l uiljJl 

^yUJI iJJll j-2 ojl ji L*3b 5y ji <UWl 9 Jla yj J'j^j 

. jJmJJ! JJj JM> 

; jMAjLall 4 _*j!jJI iyJlj jLuU ^5^>i 4 j_< (lj) 20-1 JiLJl 

jj ^ ^ '~^ r> 

4*> i --. 1 1 4 Mjf^ll 4_oljJl 5j_5Jl jL»Jl jl ylc fjjk Jjjj . —"jj LLLe jLall nlxl'il 

, yi pi Ally yj yil^l l-ilil yi j^jJl jli tij L ylt 

SjSIJI iiy^ Ai> l L j> J] jyill <(£> 20-2 J5LA1I Li 

jii.^ Lju^j yuyLi> jiyJi ylc J~oi# JiLj y-utLi* k-u-ai yk 

Ijl Ll . uJil yi jLy Jlk j^j jJj (->) ^ ( I) yj Lii Lilli jl^ JJ LliL 
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i (y) jj jjju j» L£ tjlil ji Ijl^J jli i-iU) *f»J0 jJslliil 
jyii Ujup JJi! j+Jti <Lu jjS i*ib iji jli Ofy ‘ (-*) ; ( J ) 

<UJ|j ijj Ju»ljU V Ljij jA »ljl l«fl It'in> *ljj <if .Mfj <ij> j) J-dbliAlIj will' 
. 6 hjju 4 ijj jJUa j& pJ Oj i. t>'i ..i« 

r-0 




:20-2 Jii 

ii! j—*m Uiit V) uiLJl ji jUi ■ *i^' i . M j V 

ol_ajt XOUjj . uiuil J. jUi ii l l 

j-bj ^ 

. Jlx. jL»jI 



w 

JLf<j Jj_>0J U>.1 J &i» J! M •»** • jA>< li* Jii*J litfq 

j-itliAll ji jM» 20-2 Jiill ji ji ^j)l Js-i . 3yJ l *f*> u'j 
Jjj-U j^ ILL* ^UAli jb 01 ^ CU; i^iii j-ii ji 1J1 ^ j* 
oli»Jl jl . j-ibLiill »L^L JJ1I J^st Ljift lil* jbiiJj JHI j» 

■ y#*-* JH *#«" ^ j* O' **?* J* ^ ^ ' 

j- jl Oh jjj JL* ,W) • Vi-* 11 K/JI y * Jb ^ (i. a 

J_-aAJI J^* IL* j. jisl JL* Jj-j . Jj*>% (iJ' J* j *^ 1 

. Uj-jI’I Cijlii L* jJjiillj 


759- 


_ 














20 S 

JL^aII h>J» Ji —(■ jk-j J* Jiii- 

R jIJljU J_ a i+Jjai Lup jujhTatfl 

1_< i itl j'lti l^ULuI\ i-iXj tjjjaj J 

. jU-llijia. 





:2<M JiS 

J_lc L_i ill Hit _i. ,jjuUI Juju 

la) trij j# iai-Jl oUbJi'l 

• JM 


j- ^ UaJi Jt_>JI Ljua qvB y I 4 JLJl J_»ij ojjkJI 

Lm s^iJl sj-* o-»J oliOJl jjjlij . 19-2 ibUil jom US . j-jLUaaJJ 

• j}4& J! JJji 

^Jjl jjil_jLJLj li> “ > -ulI i-w^SJl ojljJl 5j_iJl louliji uljS Jjliill ljj» 

<ii jie . JjUuJl Ijjb pljisiJ Jl ^>“51 ojj j_* Jyu*j i JjuUl; UU-ijJ 

fyi-ij ( j—U ^jbuj j| > sjL>lj jSSt j>T JjUj ^UaCLJ pjj ■uIoa. 1 ki/5lL>Jl pLu ji 
. <jjUJI US ^aoLLaII ( jaudf ) jixJl 

( jAkijl) jmu^LuiII jijuJI 20-2 

jjjull -u*S il'ijj U JL ^3 IkjJl ItiljJI ByJl jbljlj j«j JJ 

JbjJI Js^JxiJ cb^j> L,^ JA>J jjaIS ^Spl c Ijla Jj >-1 jaj . jnubbiil 
Ijut JJU1 LDli B yi% jIjJU l_> uLuj ^i ^joLUaI! JL>JJ jlS llli , ^-uLLiill 
1 1 >oaaJI U-Iaj jj iiy u j'jyl jk jh) JLxJI Ljk» |k-.j jtoj jU LwL jljiil 
SiLiAtj . j 4 _si Jillu .jAjuJI Ipiwj j£ SjJouLt LjU u Juw i S'l O^ILaaJI JLj jlj 
. B ui a* sJUtfUxi jJt ji Jl>JI h)k> lillS Jjill jAp Jj>i 
Jla> Li*J pJ bj_lxvH a* IjliUjLi IxLw Uiji jJ 3 la k^L>3-Jl JittS ^Ui I ■■*•'■ ;j 
>*li.ji> i 20-3 J ill I US ^ Ilk jj ol>Lj4 3A>j 0 /^* jiil bys^Jl 
jL*>J ji j«J j— ij . 1 m 2 Ujji ^>La Jjl» JLaJI !o Jj> j» Lk> yk <Uw ^ 
<JkU jtj p j_*j , }CU 1 T jSu3_j ^y-JsUuU JUa fj-i Jl*iJ ojj» J»y»>JI OUS 
k 0.5 T uu u ll UjIjI* jL>j gju« JjUaw Jbya> <,yUJ L 43 oi>LJI 9J>^ Jj 
jl . IjlSaj 2 T <_JjJ 'i'Lxa Jlu LyU ,ajj 1! jlil LL> 32 Ip ^1 uLill Ul 
^i 1 j A .i l l L j . b > ollS a> k_i_iUuu R ji j* ^-joLIuLIi JL>JLJ jjUJl JmwJI jl 
I»Lll Hii Ja U yJu U i>La juu JUJl ijk> Jit vt 
jljJil J_ip A tiL-JI ijUl bjbiJl jAfi ji jLlf( J| jp-idl 11 a jj^j 

ji*j U 5jUj i A ( jijuJl) jauaJI ^**4 U jA IjiAj . ZJjA 

: 4>>yL 

B l A = 0 = A J!A> utiiiJI (20-1) 

,jj 5x_»*Jl 3la jMxkoj T.rn 2 jjSuLi j^ubljail ^Uuiil SI olji»j jl ^iiyi jtj 
. USkj w«ber (Wli) »a ^L> 

1 Wb = 1 T.m 2 

lT-lWb/m 2 JJ 1 jt ‘iii jl 

OliS oL lJU>i oji jLA B ^..i. ji l ' Uil jLx«Jl jli ^x»Sl ^u«jJl 11 a ».i p pj 

. ( Jijall) jiyill 
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( wuJt) JrfiN 

(1) 20-4 JSLDI y A ULil ^ UUl B L^spI till /jJ Ij* p+H 6y 
Jt_»JJ oi L^JIi- yi oJ ol» (o) 2(M JJLiJly L*A UUI Ujjl (jU 
20-4 JiJI gjpy* l*S dJtf &L y-Dl Jj , 0 -0 6,0 Mj 
oju> obi) iiu-u *LJ» Jlisj jijliuj 6<*0sil n ) B j4 J$ i** £u> (-*) 
A i>LJl ^ pLill i n oLafJ) Ju oy JL)jj 0 in-t 

oUll iJjUll 6>£ li-» J*) ■ B <£>■* j*Bi = Bcq&0 ijijllj 

: y y^U*il 

<&=(Bco8<?)A = BAco8 0 (20-2) 

. n j B ju iyljll y 0 


:20-5 Jii 

J*gU fk A La 4*lvu j!Ai <t> jiy*J jjk 
B J. »jK1m» Ja-> A y> 
. a > <*LuJ jJc ^lull j>all ^jl>dl 
0 , (I> ■ (B cos 0)A uO' 

.n jBu^*j>-x*li^j»JJiy 



(<j/fl=l);<I>=iM ^ f); 0 ^ cost) 


20-1 JU* 

70 u UjIjL Sgljg J-^. J>JI jj>| y 4.0 x 10 fi T JM lui & 
400 cm x 80 cm Lfi>U* w«ai» JY> i^iJl **** .i*)i yi'ill ix>J' JAJ 

• 5»yll j «n u 

: ykjUjYbUJ 

? yyi)l LuS JJA» jiJI L J'j-i 
^Uil B 6h ^UJIj B JL*JI ojA IfiJ : <U>VI 

O = BA cob 0 : i>Lil J> 
? ^axLJ yjl ou>-aJl ojljll y U : Jly 
70 c ojl}j <*1, B ji . id; j £ p}** J* (Uil j^mJI : 

• (Ji-I J! **H)) yijll <> 20" <ylj > u£ U0 « yi^' jJ 

yAL>Lll tiiiLUNjJ*) 1 
A = (4.00 m)(0.80 m) = 3.2 in* 

y oh 

(D = (4.0 X 10’ 5 T) (3.2 m*) cos 20 c = 1.2 x 10‘ 4 Wb 
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( Jxll) jj>*JI JJJI 


i 18 m 2 4i>Lu jjJlj ii^AJLl JUJI JaSUJI jjJI >jill jUiu l* : 

, 2.1 x I0' 1 Wb : Lb-?! ? jji uiji d*rtl J LS> JlhJ & |J |jj 


jjj jbljlj 20-3 


g&U pd i 20-2 i 20-1 yJiiJi J Uijll Vj M & jUI jWjli 
jjJI j, -iihJll >jiJl jJuj liii£ U i>!»lu ^iav-Jl <*£ljJl Bjill j' u»JW 
20 6 Jiill y i>o^l' aj^I uxUi- 4 JIjUSj . JUl Jli>ju 


.20-6 Jii 

^ Uiic. J^liu ji i'i^j l> 

? L^ii y-a^vi Jljj > >11 >a 

I_. 1 ^. j f ^UW juL Uiit liuaj ijLtj 




jii-u { 1 ) . j i « jU l a « 1 l uftjl ^3 (yk jji 

>J Jjl* d> f ij>* ill* ^Jii ^-ubLUl JLksJI jl** .yljl/^l Jill j jUl jUl jli JlfJ ^till k*A>. 

Oji ; I^U oJiUl Ul iiJL- JUl J»jl£ ji Uy . 

y-H -M 1 J>—*3 & ■ WUj |J> . .„■ >. jUI |j* jlj r liill yi» lj| Ui , Jjilill Jill J^> 

. 2fS j ij>i. r-’ ; i4u. 1 'j.j* Jill <*>'»JI <iy«SJl Jjlolli^iJl ol li* • Jj* ■>* J vU liil'jW 1 

jijjl .41 < 4 <M <H|ii a£j Jy >i JL1> jj) ; >jill jiiijl lift d>jj> Juf 'll] J*ilL 'll J will I 
^ >1 .i*a «ii3 ji jj>i «ULi jj iiaUI jL>JI Jiy . jji DL> jj >JJI oy^i ^ * A * lj 

J*H (- 4 ) J (v) y-ij • jfP U 1 

OiJ-i 3 0-#“ CH* J**- 1111 *iJ 

. jjufliiiH — 762 - 


. (20 G JSLill). ^1111 JUl ^ Ul- >>S Iwb 5jj jk >ylil»Jl 




















( w»Jl ) 


jyLUl JJLil Jl> jA jtll jli . ryia Juillj Cj>JJI l)lj^ ji Lilli i JHUj 
ydJJI Ife3 ^Iwe Q*'J\ )jJ*e3 l*jj _ui-J JiSJ ^bill Jaii Ijlj , >^i-p jjk 
JiUl ^ jLu xbj j Jjii o^j . jljil-/')ll <JL>J Ojfcllll JJ J*a i Ji> 
Lj'uf LijIp j_* ifjJI jl^l ol*Jl ij&fi ji BjJLI oaa jljiJ' ofiy . i*^)l *i* ‘l*i 
|jlj jIjiL-i'il SJUJ iJaLill 4—*jiJl. Jj jLuJl J-tu ^1 J, rZLi rliill 

J_i>i ^5jJl ^-uLUaII jH , . jjj>j jjlLjJI JlIII j> ijU_vji3l 

. jjil) bull iji jLe ii ^5*jll5l (Jill 
i^_k» j&i *ji Jo>)Li. jbljli ^tluLil 20—7 J£A)I ^ <1*JI Vj^' aS^j 
yljlil a-» UU Jl>j]t yiyiJI |jj i ^ yjUU Sills’ j55i Jbjl 

y>j LS^>io j-JaLlill J-fc lilt ulILI ji jLj Jli* Jl*^ jiSli jiSl t »<Jjliill 
/iv'iijj 'l JllILa ^liuiL! jj jiAJ JUa j^L jJi USL j*Jj11a]I j*A[ Liltj (Jill 
jtfJliSl! y jli 20-7 JUJl y US JLUl y ».*j UaIsi . iJlil j ^ 

itill 4..ula> ji jUl UL>ul Jaj» . jLill ^i IjUj ji*yliL»Jl Jx*y 
j_1p yJI ulb jjSJ ; j^UaII yljJl Ait 

. (jk) j (y) 20-7 JSLaJI o^b^p U . japI^j j-JaUAll £*IjJ 
^j—oLUaIi jaJJI ji jtfjJl. i$lj)jli ^IbuJ *mS iily pAil ji jSl 
A^*j Jj . to »jj j*j ^ <J>2 Ji Oi jj Jiili . N <1 \il) Jli^u Jill 

jM jjiill I aa J%> jui ji <*'>»* .ill UIJI oyll jl ^Ijljb 

.jvM _ j 2 - ( XTj } u»yi ojji ( 20 - 3 ) 

At At 



'i^SIl ^jLm jiSl a>! jtj <^U il^t Uyj 
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( 6>JI) jj/*ll J*i)' 


5 JJPj olSjXlJlj <LuL^xJl oljjll JuP y*Lil oiajj Jj . -U*aI A i ...liUillj 

44II i>)y*Sl j* 

y L-oL> lj inttUiu j£u /1 II jUlll jli jLu ^1 j'-i o LSj 

oL£j*ji j_» jjLDlj (Bind) 1 a>o~* 1 I JL»Jl II* oLaUjI jm 20-8 JiDlj 
A—mil oIaLOI jl j* jSUJi (->) j (y) JUiMi jyyjl* j^yJsliAll 
^UJI jJI jicli ili jin 20-8 JUl (Bind) Jl >»ll 

L> r jjSJ jl jiiJ 0 j-uLliiil yojill jl Jjji jl dliiiJl aj_A Ju£ eyl j*j 

0 ° jm ^JLi n j B jm 0 i—djljll c*J 15 Ijl U jie IjUuI i l*IL jl 

-* 20 4 JSJI) 180 n j 90 " j* jl ( 0 " UjUu iylj Cm l 20-4 JS 4 JI) 90 " 
^ .* >1)11*11 Jlyll »L>j! jj Sw»I I j j t j ,_>i ijLutu . ( 180 ° IajIja* Ojlj jm 
ji jil>L bill j* Uijj , (j^»S'l jM ^jS ku 0 OjbJ jli U i>Ln Jy> 
11 a j. Ipj , x j)>* J jki jby j>jUJI y«il>mij <—«JLLI ^ji-i ^ j»vill jymJl 
Lijua UJLwj ; +.t sLj^J'il lijj j- u l > Hl'' Jl>*l! jl£ Ijj L>u ,>yi!l jjl 


. -X ill'll I ibjll jjSS 

JL_*JJ jljjmw JUa 1 20-8 1 20-7 j^LSbJl 1^ .>!»*) ^Jjl o^lLaJl 

Om yl^i)! jJl-uXi j jyjl JIxy jjJl ^i^UaII ylyJJ jljXOi pj jjj ^Mi^Uiil 


: 20 —K jS-i 

j-* i»d •V* • *^l JSy 

^ J—*iM-u* 5 ^ (A»D 

xJa (i ) . (I—i* If* (_»! ) 
J S>»1l ji US 4 11*3 j« jl i.til 1 ,iliM 
j*—13 JUJ «Jj3j (u) . (v) 20-7 
. (_*.) 20-7 JSUS ji US 


^$1)1 (Bint) ^—uLLull JL>JI *a ^int ^UlUJI jXaij . (Bnt) ^.i jUlill JLki yt 
yj»o A_»m Belt JLfcJl jl (m) 20-7 JbuiJl jj !#>%> . jLill Cfcloj 

t Ull JjL*i jyio Biat Jsjti j« Ijjji j|j yjiid • UH jjl lllj jlyJl 

. oJUl jj^dl Ha jIj jj pi j*j 

j n till j-i>j jjJl j>jL»Jl j—4*LLull JIaJI jli 20-7 JiiJl ji Ll 

yilJl lj> jl HI . jl^ll jJ> ljJL> j jSj JJjJj • jLaJl y»o Lll <jku <1>«u 

j-slaji T^ijdj. m j# ij*3y Jj>iy L n , mi j*i jiUjy mi J^i> >_jlji 

4 v'ii ■) S A I>~I .ill jl—illl jfi jlUl Bind i* i >3 ill I ^.. 111 )Hill J‘yJl jl 20-8 

^>1101 Il»j . ULi jyiu JbkJl ll» j-C 1'oJl Oind jli Ijj i jLJl yl j^fl 

. IlSjkj , j-dtmi ^>lj3 Ip J^l ^jJl 4 > k »i yAjuJ* i> H»V ^md yJLJl 

jJ^jliJI yAuJl ji vlfjtm jyiJI ytfjUd a!»uLiJI yPyll - lij^l 



M 0 


jli lb jA » 4 «l lil ^ Ijl^J jl jA jjl)l>JI ji 3 U jdd jjiill jA^lj 

yj_uL)l t jl tjl Br*t jp jill j^jWl u>^I j* L^jl*d 

iA>^Ul t 1 a jl wwl jjj. jL^fl JjjJi jIp JJ Jjaj kl»a-ll 


704 





( ^Uwj^l 6*JI) .H 1 




: jjJ jjiU UU Ijm juu 

i-Xji£ L«»lj Jill <X>r*( j^jWI j-Uliill yiuiJl ji j^l'l 

.*..■>■; <*jljJI Syll &il» jjjJo jjJl jLuJl jbfJl j&ij ■ Jill ji (J.J. j) 

, <l>ail ^ .iijUll jiilll yijLu 4>mri Uj Bind tfl>d ^ill JL>J g* 

JJJ1I j US JL. (> y-J»Ul IIjW c«ji di[ 

Jx> 4>m i,ylt) t j**JI y* B«t JldfJI <*H BbJI »j* j) ■ (1) 20-9 
Jf. Ijjli jj5uJ }*1 sjflS wuLd» IjJj . ^LUll y/il LIS Jjl}3<j. L*f Jill 
ljj» ■‘■'■' (o) 20-8 JSAII ^ p LS 1m »i>^>l yl °lf! 

JLxJI 11* A_Jiao jjJl <PlBd jl3 IjJj jLjll JJ Bind jtfl 

<I>«t UjUJI j-* LUj JJl 1" jk) ■ M*- 1 ofit 
jjtfl jli i jJum LSj . JjJ-i ii,* <-*£ 

. JJII J OjbJI jjjuJI J**JI 

^ -jUr.oli J|_»J| ^1 dLn 'Jj J^—» (uj) 20-9 JJuil) L^jlj^ 5L*ix» ji o/ij 
. (I) 20-8 JSAll j ox* y L* *J j <** «i*]J 

iiil^L>JI ojSiJ dit y *ii*iJl jUll »L*II jU ujli* pljj»lJ laJ-uj jiuj 

: ^lUli 


:20-9 Ji*i > J>Sl cJj* Li IjU . oj/Jl J5i> jill di* 3 ' ji* 1 

ji vjUi Ji* J* ^ ^41 x jjjji j Bart L$- OILS lili . $>«i 3,UJ J-i- dJLi B,* 

jJI Jlj o«SUl uljl^ Jl* 0* «•'>* ‘ ' r ' * 

j J , Uiiij ^j*| . sJUIzt^l ji Brkt U-JJL; . L>>« v«t jlf5*l dJ*J 

lllLOtxi 

.(_>). (^20-7^1 , ' ; 

. JjjljJ y ytfjiw ji But (^)IS IjJ L J0> 2 

^Ul <&ort ji jdJill y-jji-M J*> ^iad JoJ ul Sjll'jll Ji» 3 
yiJJl yijLu oi Jjjj-^ll Ch ^ ) • ® e!rt \/ 

( yiiJI dJj J w»l>uJI L Cilj ^jWl j«d«JI *i^-ll 
SJO>JI JjLi'jll *J l^jJI Oind jil 0O>Jd ji Bind jlf iii-ll iL^^I JJ> 4 

• 3 #jWl ji 

^JJ d*LJl jlrfjl «i*i< ji JjJl lUrfl ( Jj!l l^li j*) **> 6 

. 4 i^k*Jl J0>jl Bind ol>ol 

jLil ^ .ijliliill JL>JI ,j olj«lll j* i^oUl oljd^Ol - j^l J*> LJ0 Jlj 
oLjJlj Jill i>L* ji* Uii iaji JJll ji j* ^i • J^ 1 ^ 
: IJUI JiLJI ^o>li jl jSJ Jill JjU ji*ill ui* Ukj ■ JM U-ll- 

■ s j* 0, «fW 1 

, A UL1I ^ ol>3i 2 
3 
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( d>Jl ) jjjdJl JdJI 


• )& j*ll d,iSli jfi JaiJI (jmj ^L>JL» jljljlj .yyis ^i ow Jj 

C*-* J* I urfl* - <JL- Jyaj . jfk) 

. aL^llj l>LJi 


20-2 

udll Ji; jij . 4.0 cm 2 yijA.ll odd o-L .* U 100 Jt jfi^ ^jy JL LJ 
Jjiu Od 0.5 T JLjv. tfjij Jl Jl*j I* ±>y *i 4iU y« oUj 

• ^ j 5JUO-H ikyill J.j.(J jIA Ui 0.020 s J*JJI jjAJ lili . Jdll 

i ^ L- u * JVXujI 

? «U.J. j jj*, jjjl jjuil j* U : JIJm. 

. J.j. j = -JV.(AO/Af) : ujbljli ^yli *jj ; Ol>VI 
? J#*i| U^l ifjJt li Jljirf 
. 0 ! : 4ul>)ll 

uM I ^yjlja*u ^UJlo-UI ^AoiUj 

• Ji*k 

? A0> p L : Jiy, 

. 2JL»Jl ^*^#1=0 dip. A<I> = (Bi - BilA : 

: idiliilj i 4jjLu)U JjJI 

A$ = (0.50 T) (4.0 x 10' 4 m*) = 2.0 x 10' 4 Wb 


j» 4» > i i ..ilI <kwjjil J.j. j j 

^ flooaxawwb) 

0.020 s 

<S* Ji~i3 ^ ol -$ ^ 4lil I M-0 tJ l>j u^yC J| Ijj 

( oJji ) V jilis Wbs" 1 


20-3 JO* 

r - 5.00 cm ojk3 JLdj 10 turns oliJ jdf o \’yLo Ulo 20-10 Jill I ^iy 
liiii . bi->)\y* LaIj^xi ji5 dL*>w ^y jju j jdii ijj> j>ji jjj 

wiJll L*1 ‘ R = 20.0 Q LijUu ojliaj jjuyUl> yb 6y>* ijSb Jt X»i» 
j-* 15 A jjljJu IjUp J-iXjj djL jj jl* J_S3 Ui 2000 .JL? ^yjl 
j^ 3 Oji dill jU jjua-^ Jpail ^UaII ^Ub Lju*j . J£iJL yd I 
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J^Li. jUl jUJl ^y* yk L ( 1) . 30.0 ms ,jj y-»Jl J! J*e jjyji Jill 
? U obfcjl y Li (wj) ? jliyl*L>Jl 


:20-1U JU 

<A-Jy#l jB JMyi jlj3» 
t 'jUl . yl JJ-J 



i (i) cj^*JI ^yilaJU JVJLi/I 
V yu*jlil>Ji J}1> jl+i y&» OH ; ^y 
Ljup jJJI JI ^yi» J-W J-^l ^Jil JM ^ 
ji JlUI J>L» ir -J»Uiu lyt) j 'l* a“V V#-^J J 1 ^ 1 ^ 
CHjll ^ ^sill 6ji ^yil Jill JW- ^ • 10 &»ra A 11 ^ yi 

. JUl y IjLu &i*> 
V di»lJI Ldjill jl^ll jIjJu ja>* jjJl U : Jljw 
: JUl y ILjjIi d.J. J jAUJI yij JjLiu / i x L>) 

1 = ^ Ch Jk-yll jW JJ>"0 

? j^lwail JUl y ,^61 y U Jl^ 
i|j IjJj . j *Jp JIUJBxj* Jb^JJ i *^ 1 : 

Oi = B\ A ^ = £1 w 2 

? Bi UjUi y U . Jlj* 

. h = 15.0 A j n = 200Gtai <**> < Bi = iwh **U 19-11 &WI * : bl>)ll 

y> jiiJJI y ji*i)l 

A<J> = 0 <Di = -ifunh) (nr*) 

= -{4k x 10‘ 7 T.m/A) (2000/m) (15.0 AW0.0500 m) 2 
= 2,96x 10 4 Wb 

^JLi; y uaJJi J j-ii JJj yi ‘ 5jli)ll JaJ: o^ll 1U^ 
ikoJl J.J.jJswju jljfc* Ui. (o) j* j**3ll »M o*** u } 
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(J*J|) jjjiu Jl JrfAJI 

(J.j.j)cmf = (10 turns) (2,96 xlO~ 4 Wb)/(30.0 x lO^ 1 s) = 9.87 x 10 -2 V 
>fi t *»Xw JI Ja_yll jUl ui 


J_ cmf _ 9.87xlfl' 2 V 
R 20.012 


- 4.93 mA 


i (u) cj^J! JiLL* JValui 

V Jill J*> jUl yJil JUJI # l*jl y L Jlj* 
Ct 6 j«*bUAll JL?Jf U* ySJ 4 y*JI jJI DJLPli JLmO^Ij ; 

■ 20-10 j jM 1 J] o£t yJjM Jill jLu 
• 0*k fi a^l I j y Jl>JI Siji > 4 ^llill jjj xu: ; Jlj* 
ijJjj : 4 jL>VI 

41»jLx)I Jitfll LijUj Jjijl Jill (ji vitXlJI Jl*Jl ^yu oUol ji y ; 

? ydll y 

ji-ll uj» ‘ •jb-'i ^SS! J* ^Uj> Jill ^l£ Ijj ; 

^jUl Jill yj y d<jL>JI ,>ulJI jj* JjLu- JLaJl IJ 
9 jLJl J! jJ»Uj ^ jb* ,jjJI . ytJI Jill y j j)| «L>ol y L> : Jl^ 
jLull lia ajfa) ^jyii JUl y jJi\ oLhol jjL J jjJl jUJl *J] ; ^l*}fl 
• 20-10 Jiill y ^jlillj jl**jlii»Jl JS> Chwll Jj jLJI & dL>jI y 


JjLill cl>JI 20-4 


ifjlUM ^jCjV! 

. . ’ 

:20-ll JLi 

a j—• JU y j+b 4*^ ijui 


£h 4 -*i Jl* y < H i^j^ill Uljl syU jbljli ^Lu 
CJ- 0*y>y M (j* oaji^s . JUl J)l* t# — Jsliill yjJl jhK jili 
ir JsUll (J& I j ^tall b£j LjJ ; 20-11 JiAll y U <ui> Jj 

J—J-Ul ujj oL^j ^Ljill jJLu Lujj . L*JS I uL> 

*>* ‘ <L *A!jiJl iiLill y L-J>Luu jj il^j yby5 ^IxuS 

iifi jyttJl JUl JI3^ Jill yuili joiuw fj ,>_J , ^yuji JUl J^Li. yuili ^ 

^Lill Jill jjy; J j j ^ ^UUl J*J 

i-yl+Ui *Ju£ j-i>) j *-Jl (> yi^l JUl y jWI Ifj pGjj yll iyUl »l«i 
20-11 J-SAII jj plill J^L3. *i»Ul jLUl»Uj| j oLJj yu yB dll 
oJ jyo; ijf'il ^ y , . ^Idll Jj jy^u a Jj b 0 * jy^u, 
JJ* I i^wolfJI Jilyll lir^ 1 J 4J.J.J ^Uj 


JJ y_Ji Uf-Aw ij*JlII uy ^xij i JL J^ y JUl oli) jxp 
JJ LjU^ILj (? IjU ) . Lfj JSJ yyUil ^Lill i>Luj . y5U I^-uJL L+L 












( coJI) jjj£*ll 


il.j, j jli ^jljuu'lll JLill ji jUl jUJl w ll».< j^lill Jy> ijmaII ji L Ji 
pJ j_«j , A Ip I A/ ^Aljju'ill jLull jj Ju Jjju *_* v ^i <lxLui 

: Jyllll ji <1 »juJI Lu^fSJl <a)IjJI oyJJ UJLjl ibUll LOS wkiJ 
A/ 0 

(*hA j -< 3) emLc = -M-^- (20-4) 

Af jA—Jj . jjlll j** JJ L-»juoi olj^5b M yu»Ul)l o^D iSyjy 

/ jLuJlj iijyjl j_a jl.j.j olj >< ojlS lilt , ji i lill LljLill OIaaII 
, V. s/A _jl (H) 4jl ^ vi yu M <jLxJI 3d>j jli UiUJl t jijllj 
yiilll Luj j^iuu U t iljLill iibvjl ojl^jJ Ufll jjkll .ji jli LLfjJl jij 
4i ,Jj)iluiil oilii^U S^vjSJI 4 «uill , JjIxILS SjLi jj wJj 

ji j,i« jU3 ijjjl Jt>JI jli (19 14 piJI) Km ^»*Jl 

OjjXj Ijjk J ujjj , oJill Jy*j j>Ji ^ <Cii Dj’it JjLfc Jlii 

Ujlipt JJI ji jUj jl lip 0 JitS O^j Ui jiiil 1 Xlji IjjJl j*Jiil' 

. . J^Lill jj UUvL~a J.j.j J+Iwj Jj*l> ^HSUAjl jli l jjljj/lll villi jUU low 
JJ lj_ft vjJ* j* villi L^J jllI LbJl jj Ijj~v j^Sl jjSjj 

. 20 4 UjUII ^ M J^yC j» w3lj y> US i UjOlil LlaJJ SjgS Ui 


20-1 j>&>y Jli* 

U . 0.50 H UjIjU iljUu Ulxt UfJj jjji> vJi J*> jliyl* JUl j« jliL LJ 
J| 2.0 A jj jlbi/il j jUl £jjy UjIp i5^jUJI ^i JjJ j$\ Lazuli J.j.j jIjuu 

¥ 0.010 s ji 3.0 A 

20-4 IUjUII j* 1 yiuj J^JuLil 

. (0.50 IIX3.0A-2.QA) . nu 

J.J.j = -T-TTT- =50V 

0.010 H 

jLjJI IfJ jJuj jill (0.010 s) ijMiiill Bjliill si» «0ii Uii /.V . ii ‘ vJ.J. j jl jSjj 
. l^bMi jl jilll hjy v,5i)l jli IjijLu jUiJI jl • jll^l 

, 4jL » jv. « J^u j) J.J.j j 

^uljJI 3iW 20-5 

i*i>iiii.i U JlL vJ'sL>- ^j*»ijlHll ^ yk> ^1 jl ijbljli jy ■* y®“ 
J^L> CfliJ b-»itljii ‘lUj jUSll J*l> Jj^*ll cilll jliwj . villi ji vJ.J.J 
Jju (jjjl jAjill jli JUl jlll jUl yk u UjIp ol 1 li« ^ul^j . vJlil JjU 
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( J J>JI ) JJJI 


Mmm? 

Hh-v- 


:20-12 JU 
V. ..jju jti^ 

)j__ill J ,uai J|i. 4 mL Jib iii, j. j 
T If-Sbu r ! v biul 


Lulj q> i..g J.J.J jl* Jill j* jluJl jl 6 >K“ iy» IAS Ij-j-Ij Liu' }i&, 

. fa* Jib Jl jl5 Ulfc Jill ^ 

jJ ojlfi <Uj 3 Jl yjJl jj _^juj 20-12 Ji-Jl ^ ^-»yi jl+ill gl g^/ll 
4, ,>jjj ijjL}!l ^_S jJI j ...i.jliLtii JLvj ^tUuil jl^jJI j£ jJ yi) . "Ijl r Jl 1 J*S 

jl Jill ^ J.j. j kix»oLo jbljlj g^jlil UA»} . Jill J^> IjLu 
ji 4.~i>'i Jl J.j.j ^JLc £ i. n i jij Jill J'ili- j+*±ll J! 4J>0^ UUi ^ll»v* 
(JJ dL*n 3 ^33 Ijl jrUll J jjfi . 4-jjjUafU infill ojljl 5_jjll i-^Lu j^Su 
AjlxLjJ Jjj Ju’il ) . Lj—J'LuJ jl j-t 'IjLi LijliuJl A-a*j Jj-> <i>oJI li.J.J 

. ( Jij oUl 


jljlll Jj*» jM ll^UuU Jill JM> j-utli«ll g^iill gj«3 Jj*i gj^i-j 
iu^vb lub^ ^.jhlai Lilt . Jill J}L^ jUlll _jJj JjtM A//A1 jl5 Ijii , Jill 

v& <*>*! jII li.J.J 




(20-5) 


Jill ^ XkLu ^ . JLU iiUJI L v-U»Jl cul3 ^*-jj 
<JjLuII <5l»JI ola>j IfJJ j* L olx»y . JLJl LjJj» J^L jjll vliil * J 1* 

. j>isi 

y Lc jj£x- jijll jli Jj*l> vIS Jj» lijili Jill jl£ IjJ 

4_*jlj yix» V ywi g^ IjJ* ^ ji* » J i* 6* vl*J* 

iJUJJ j yu J y*) . Jj J^> liaL <5L>vJl JU jl 

i jj jiil jLuJI jiljj ^ 1J1> -Va! Olj LfjS \ W JjJ ji ijjljJlj iJj^llI 
• -x-“ ji g^jil 1 ^ Jj jW gj^i 


: 20-4JU 

. JlpjS'l ix^y n o ollill jj£_j / <jy>j A j^yuJl <nj»u o-La ^jjjy JU JjjJ 

? AjTljJI <Cul>j jJ> L 

| i ^yikl* JVilul 

"f LjiljJI iibJl Jj yu k* U . Jlj-J 
il^ouJI J.J.g jj —j k-jud*“ll klull ki* - kiuj^J L jl 20-5 iljUll JjJj ; ijl>^ll 

; jlull jJu JjAij yjlj 

emf 


/j 


a n&t 

Ax>uUll J.J.j Jijli* jl jl* ' 
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: Lidlj ^Ijljli 


emf- -N ^ 
01 


Jill jjj Jbs <ui*o jjjl jjyjl JUI Jl> yiJJI p <& yj» ^ M ji 
■ ? Jli yljJl jiuiil u U : Jl)w 
f ^jl)l Jill Jl*. oi* 1&-11 toW) : w 


E - (ml 




ilsLuj y> 4jJ $ C Jill i>bb Jl^JI ji l»<j 

? jlilll J^is Jj jiuill ji cSjUaJi J**jjl j* L : Jl)- 
lifjj . oU«5 j-* jluil Ij« Ui <JjU 1I^ ojjljll oUSJl ol: 

. A/ 


Afl> _ EqM A/ 

A/ / At 

oityill* l*> >>L ( J.j. j ) emf jj»J jil\ ibWl j* b : Jl> 

? tfW ili oy$ j CnwII »i» p 

Ai / A/ A/ 

: ^JjUl JLD vUl#^ JA&olS^ll 5 JjU 1 I 1*1 WjJ^ 

L-N^ 


: Sj^dJl ^1 p &UJI »J oUS li&J n =Nll U*-»j Ijli 

L =/w J iA 

L jU i £« j-* ijjuJl *i-ul»LiuLll »jU< l*y*« Jill yB 0^^ 
. Km j \#ji i> JjH 

. 1.20 cm i^ 80.0 cm »lj* <*Sj U) nOO v JU £ ***» o* jrfj* 

. 4.44x10 5 H:Ol*)!l 
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( £>JI ) jjji*JI J*iJI 


UbujL. 



:20—13 JU 

i_»ij %IR IqU j! jlp yh v 13U) 

? »^Li*!l jii mtj 


:20-14 jLi 

c udjtf*uj^ 

.140-13 


iajliuj Ol>* j* jiljjJI 20-6 

j-J J^ u ulL^ «Jl>\JI oLilL 4_dpL»U o±uLll« <ii , i. j ll jmj jLc jjuL 

Lr lc CJjjj jftj . <ll»jl JJLi JjJ-J iiJ J>lj «_uL>j ^LfLai j^l Lai . 21 J^kdil 

. <3Wl jlji>l 

<Ul>»4 uLL j_« jj-Su3 • 20-13 dd^ll Sybil 'ijl jxi*ll 

jjHilLi bj>y JUl cAi f> jJj . r&*j ('MW >A <1 j»ji ) 

jj dl %IR jil+jJI jljjJl jlflj ^tliil Jii SjlIjJl ^ jUUl 
Ij_* LU »i-~ u j. cilll ^ jiuj UywM j^S*» jWI £l*Jjl jii ; dill 

; jLuJl <-Alw oli ja »Uol ^ JiUl jjj J.j. j (^iuiJl 

. SjiUll jji djLLu olj bijLLu JLLu «jua <il>Jl db jii 

Lal^ . Sybil jly ^ Sjlajll Jjm jJU dill <31*4 J**3 jl lift <*$j 

j-« |»—^jJl jLm)( j3 ijLjII jj>IJ ji dill yab dj Lib i I, <*ji ojlj 

j^Jlj L*ja»o j^jJi ijSlJi 4i*j jj ^ J-siw jl^jJl jii ll* ji>bdi ylb 
jLjJI jLIpI jlilil Jjlilllj J-otilll lyL* sj^Ll*j ji*jj , r &/R jl 4 ^jl 

J» CvjjjJlj .4 = 0 &*UI ji -rLleiI jLu IjJuP jajll 

I(t) = If( l-c^O ( 20 - 6 ) 

o**i ■ * * * m 1»1 I oUwjUyjl yaLi c = 2.718 j If=%/R <iy> 

jl 3[ • d-^jj Ojj-ia a JI 4 1 ..<L>JI <fll ,‘lija~,.ij . <JjUll 0 . 1 ft J^L ja>3 ji cjyi 
. yai «C» jljjS 1 J>i LfJ 

lLi ia'iij . (20-6) <UjUil jy_-J UiLu U ~>j 20-14 J£*Jl r~^y.^ 
p-ij jl j-SjJ ) . t - 0 ojL_S I jj 1 — 0 j (20-6) <JjIaII jl kiibal 
. j_aj olx>J <J e jai ^gj LIR jljaillj . ( LfcAX-ft ljU>lj ^JjLa^a jua ja^J 

Lib olaaj iLUj 

iJ^ll Jlwu—ll jJp OAi-aj . SjjljJJ T l 

( t - LIR - T jjjO <11 <JUal»Jl 
jW» 

/p«» 

ftA?// 


0 / =J7 J? >«j)i 
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( £»n) JJJI 

I(t -n) = ^(l-e-‘) = //(l- 2 ^) « 0.63 If 

<, t = 2t i. jJ UU £» / jL»3iJ ^iUl ^-jJi ^ M »i* 20-14 JSJI 
/ = /f(l-e' 2 ) = 0.865//' 

jj J^yi liL yii jlull jAi3jl jtf U5 i \’ji£ MR <>jJI 0^ 

. J11U L4UI J.j.J 4*1), y JjifM ■ W M 

^ L(A//Af) y Jill *1*1*11 dJ.j.j *1 (20-5) 4 JjU 1! <> dj*j jSl 
ojIjJu j+jfJJ j> ^*b o*J oti>AJl . Jill* jl<3 J>>) & ‘ f5 

LSUJI - ‘ '• J^L> A q i-UAl *_L> jL^AJI <Jxu jail JAAJIj . L(A//Ai) 

: 17-2 UjWI o* ? i WJltd) oj‘jJu a**!! 

AW-(4«)(V)-(Ag)(L^) 

6% . I &L* j* Ag/A/ 6 1 &| w» W C&J 

A1V = L/A/ 

. / + A/ jj I M' o* j^ 13j W ^r* J^ 1 ^ 

bjJIjJI y jUJl ioLj £. Jjiflt 1> 5 ^ 1 £*~ £)t <$' 

Ujie JjjJI J-JcjUJ 4-ilb If J! J*^ 1 o* 

. Jl/ = 0 <> JUljijliSliyii 

w-luj 

^ jLi, dliftj Jill y iijSi- Sill* <ii J* Jull IJ jlf^l A) 
JJWI UJjll 3piJl jJ pi*l ^Wll yi« U» J»j Vj*^ 1 aUJl} " 

Ojj^S <JUJI eAli lj| t j-Ltfll Sj-j J*J »j^ ty/* O' jj ‘ 20-13 

ilili 4i* iljlx. Jill y '. * i v l.« ,. ■■■< '1^- lift 0|* I" J! **^1b 
; JI UUj! Ji tit j!. . <JU* jjJI J^ 1 0'^ *A 

. lu 2 Ujiju auj *ii» L j~» j* / >> !i ! 

^jj?ljuw JLx« j 20-7 

^ LijSkil oLUi ^ fjii-j (17-12 fJH) ^ ji il/^ 1 yUl 
0 i . ’OLm JI, ^ U^ll 3UJI j^l j oi& ‘ Jl ^ 
^Ull JLfJI o|» 19 wMI y Oi ^ ^)» yW ^ 
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{ J>J| ) yjjiuJI J*i)1 


B = iwl <J <jj jJjUl JUI yli 5^ 

20-4 JUIl ji JL 4 JU 4 ij Lu-> J« 

L = //on J i!A 

M $i dlj £4 ^ Ja>^!j <*]*, JU A_) ^yyjl JUI JjL yil&p. 

j* 1 -* Ul > ,J iiUJIj • ^yjl JUI vJi 4it« p*> ^ 

ayisli/ 2 ^^ 2 /^ 


: 5j>y <jUJ| j*j '^j 


k» 2 ' 2 w 


5 |/W/ a 


• 1 = B//W J ^4 «*j ‘ B = /wJj» ^yil JUI Jl*J| 0 i 

: J^N iLLJl iljUll *JtH jI^j 

“.i^jL 

f**" 2 „*» 2 

»>**)! oA>y aiui = -^- (20-7) 

2^ 0 


jljill U i)jlL iLkj , B *jxi ir J»Uij JL*vi jj oUkll iiltf jjL; ^ 
jO+* ^ j SUJI <ili£J jUjjj-j jill ( 17-14 HJjUil) if Q £ a ; |jJig 

t 1 ^ 1 Lf* W 

u j £» J-* ***-J)l w»liill W>*»! »jl-w lijJLu ^yjl JUI |j(j 

iljUll USUI mi 0 * pijll JUj . ^0 u,^ |jj <*515 jtt- 20-7 i)jUll 

ollJl ^ Uus 1*U l^j 1) ^yy ju ill*) v-JL 20-7 

^ W-f iiUJl j-uo ij^Ul L-ljj jJ* ^ J, JLk4 jJ JijlWl 

: 20-5 JU 

f J'j^ 1 > »• J-y -»Jj ■ 2.0 fi ^jUUj 0.500 H cS J* U JL 4J 

Umii (v) i ojijj^.uyi ojIjJi ( i) , 4 . 0 n^, 12 . 0 v ^iLj^ 

JUJl(j) 1 ^Liiil jli 1 b0.050b &*l)l j jt^lIJ(_>), jLJ iylyji 

. iilxJl JL j LUfUl 

t Jah 1 < JVjiitfi 

? jD U : Jl_jw 
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( o>JI) 

ijSljJl j iJill UjUll dy> c Tl -L/R : ot*)fl 
v jl^l) iLpLfiJl Iuja)! jx*j jjJl U . Jlj»i 

.//- %IR W 

? >jJ' £• jU I JwljL JuS ■ Jlj* 
l(t) = It(l-e-" 7 *) J 20-6 IIjWI o** : W 

9 jlull kjLijJ oVjJI oi» ^xkiJ Jui : Jl}«» 

UiUll f c*J gjjf JLJ* * J> U»1 oi ilfi jUI U>)!l 

. (inv In) } \ e* ^bJl Sfll jlJ* fcUl-ty jUil ^ 2 0 " 6 

t iJl** Jl* ji Uj&ll oUsJI Ofc«i tfi J» '■ Jlj- 1 
ulUl » ±L/ 2 : ol*?l 


: «y*i ELLtLI olil^jJl j> J« a xLi i A ui il U lijJ*) 1 


Tf, = — : 
2? 


0.50 H 

2,0 £1+ 4.0 Q 


= 0.083 s 


» * L>^>vtf ouAll olx>yi ^Lj JlLij £&J d*Lc o!* 

3* ^1 ; UI. . jilfl f ji *Ij>j di yuJI 

' 6.0 il 


3*i t - 0,050» a (>jJI jp Ualc jU!' W 
lit ■ 0.05 8) = (2 A) [I^wmkum 
= (2 A) |l-r ,a<0i ] = (2 A) (1 0.55) 

= (2 A) (0.45) = 0.91 A 

^ fcjiSJI E^LfJI iiW'j 
oUJ! « i(0.50H)(2.0)2-1.0J 

. ob^jJl Ovtf ol^JI <11*1* \5j> { if* 


20-8 


0lj4-i3 0^1 p > '-’Jj''" ^ *b. l3 P ^ 

Cil ^_1 p J.J.j <> L»j i Jjl\ ^ 

JU» J)A» dL *Sy> js 4 l>aJi libj ofi a ^' 1 w } 
^s. S/U i*iu 1 \j*fi jt P' *-Ul1> Op ‘ 9 " W.I 

. SjjP J^l> yAdl ^ f)<»* 
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(kiuJI) 

i 20-15 Ji-JI y 4%ll 4kwJl SjjjjoJI Jj UJjLl ijui-j 
J-£i Jfi oujiy* (>jiL Jjl» Ja V hj~j l 
0>& J)L/Jtlj vv^l ji n Ji J-~ ) r ■>, JZ/ 1^* m jj iiu U 
ojbjl j*-Jl Jj <i)j-*«J U£j . ... .,«i. H j* jLJl JJ (pqrspl j itf 

. OJjaJI OJA 4>Ui 

sj-* ^ <La*i~«Jl (j-0 L>jL> B 4 'SL-Aa illiA ji j^ll y^iju, 

«<» i>L*ll jS L*L-ll ijjjl u^aJI jjjjji wjLudjil i Sj> £4j . iiiual 

5-u^l oyjl OJA yu-*3 jUj . OjyJI j siJ.J, j iAsl-J Ij+Jj 4 jljjj 

Ol^j jl ijl 4 A t Ojjj jxj jj i'At Ujlji* oLu Jj>jj 1 1 if, AilH ji Ja>jL Uili 
jljiij Jiill ji JJJill j* ojU i AA = HvAt) Ga£ L jb^J o^I 

y Jtfll J >ill 

A4> = fl,AA =B|/u At 


:20—15 Jii 

jl—i j. j « j) l jaJ 4JiMoiil tiijsOy Uite 

iJj_i pqrxp i ^iilU i iiJ AaWft 

j ^' i J jA-jill SjLfj yJj jJjj U* 
. >J j>l—i!li # lij , SjlJl »j* J5li 

■ * J <i j. J 'i» jj m 


q .yUjlfc Q 





jA (jljljlj jylil lift OJjaJI ^ ti) J. j jljii jj£j y j*j 


J.J.j = “ =BJv 

At 



jijtj IjU) ^Ajj Jy* <l>iJI 5yUl oja ji j* jSlJl JJaj 

. «UI ^Iac <3j» oLaJI j ijiljll 

» , » i - A« H q *-&}• . Jfyll Ija Jj>l <1^4>j JUaj 

v 4£j-u oja jjjAHj . 20 16 JiLlJI ji Li jijAllI 

Ijjj DbOil AJ JoUlo <!bjl OJA ^KJI jujli . qvB Ujljiu iy} B 

: jl jJauJ Lfloj B = Bi jjS* 
F = qjs. ijJjll byJl = qvBx 


20-16 Jii SjJjll S^JJI jl JjjJ dllli 19 10 JiiJI ijjiyi jJI bjfili ■ ■■'*■' - 1 Ijj 

^^4*2 ’Ml • J> Jtp ii^Jl JU *^l .> jU 

E= — -vB 

9 


1 A4 W »*>jj jLw] illl ji 'll 1 OJA t£ A«J yli J^JAuJl Um Ijlj • 
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( ywiUUjySJI oJI ) jjyJ JJ)' 

< 1 >W JJ i yj Jj^it Ji-JJ jLa jduLiiJI j-tf Oj-* o' !i b 

jy oi J! J-u-i c (17 2 UjWI ) jy-i J! iiii ch mj-jII WW j^i 
jOfSH JbJIJJO? j! p>ohJI 
V*El*BM 

y i)lj ij^Jl y S1 11 l^yJI iolJ 1 3yJJ l»Ui jLu jljill li-» jl U» Jx>^ 

l_l.-K.iH Uyw ^ 3 -Jl yj*Jl Jl^Jl $ ^ tibljli u^lli ploiJ-iL 

dL^I jJu Lliuj y*) i ijyM y WJI yjltf tfy *1*31 J >' jd* 

; l^J uLa> yjl ^Ull) Lwij . jbljli Oyli 0* 

(j-ibUiil Jt*Jl Ch» js jl* V ky; / ^ ( ‘r*a* ^ ^ 

: JJ! U JiL jffi wt v i^j J.j.J ol* *V > ) B 

H>jJI J.j.j — Bj)l (20-8) 

ji ojy jyj JjyJ 1 0* *3' W 6 i3^i ^ j*) 

IxtyA UUl jjj . ye-ai) 1 0* <**3-“ ^ J j j>f^ 

v j B yi£j» jlJ j^Ul JjUi* J—*H) v i B jySi *i L*J 
. (j5Uaju*i 3 <^lll)l La JJl \ j hJi h 

Lj Li ^ u;. ‘.e 20-8 <JjUI JJ yll U*J' if 1 J* jl»31* l yfy 

jiJo 20-10 J_£J! yj s^ 11 ^y3< ^ »M 

^ ...jU U»il Jb«JI J»^k» ^LL yjudl jli v A$ jU« 

Jill JjaII g. yu-liH ji i A<t»/Af liLuj y W^JI y 58*5-11 U.J.j 

: jAuJl U£«< p3 (>j JL>vJI Jby»> yJill *; ^ 

L j Uil JJ| Jjuw ^ uuLm J.j. j <Ji> J>'j Jyill JJl j2 

, jJ»l»ll Jl*JI 

Ijb.'i u JSl^ll O* Ji& J ^- J '3 r^J 

jLu J^u LjJ iiUI *Uj Jy ^US’ ^ j* p-**ll *0* j- 1 '*' 0* J^j 

yj jLJl jIjju JJ-*>3i 20-15 JSJLj ^-»^l y» <£j> Ol.J.j '^y. 

PR Jiu, /J i.jlill y L,ly ail Jyjj . SjSIjJI iUjUu iJL ipqrap) JjlU 

■ . (emf) 2 (J.j.j) 2 ; 
All iji> yj ’vL>’)ll i>&j f »j* o3l yil ‘ ^ = pj j 

i vH-iiJl jiji-r o_ji ol» ‘ ^y3l< y J 1 ^ 1 ^ ^ 

SjJUI c,Li ; 20 15 JiSJI y/7 J! r/ in MOi jLJl li| ol#3J J^, 

5jJ j*fki Jjjy lj* y*ij ■ yJ*) 1 j* tS^ 1 jW 1 j! 

JLbU i*j- u>-aJw y> iJyJ) oUOl ^ ^ 

; IjJiIij liuuij 11* j# jw*< 
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( kL»JI ) J**)' 


F = BIl jLJI JJ : ^iii\ J* Oj}|il u-^Uli ijiil 

j» um)I J! 5 y jJH ty* 11 ) 

F^.BUv.Blvef.BI^.'-Sf 

f- S R J ‘ JJ ^ vj 1 ^ 1 Mb 

* ‘ 

Sjlj_> 4_d> { jJ* gjj^II Bjjil) i^jLn 4ZJail 5)2)1 lf*—J Sjji)l £,1 d>Ul' ^ 

, _ Lib j* Li _ olL)I j! i^l . 


' : 20-6 

d r-*-> vj* - *1*^1 ji 6lS vispo &* 1 5.0 m <J_jt <-u-»i cui 

IjJ 3.0 m/s toj* Lijj> *1>U; 4 jL*1*U J.j.J jIjL L . JiJ J[ s^dLLJ 
Y jisSl LiJl otJ 53° L^ljuu iyl); 0.60 G jaji ^dslid JLdl 

i jilai* JVj1u»i 

f ii*idl J.J .3 jl)- 

jLfd' djbj ; UjJs *i 4Ji*LiH >..i *A i)i itj-> ^ : 4jL*V) 
: ^Lu 20-8 ibbllj . djJl ^ j^Oull 
emf= ti x vi 

V Bj. k_iL^ j5iw JuS : Jl^< 

B Jt*JJ i^iiSl ifSjil j-» Bi j^iui i tt-ij d —Jl <^l Ls 
. B| = B coa 63" jl JJ j^u* yldl 
Y iljUll SI oto>j jM Li . 0.60 G ^ 3IUI JL*JI id Jlj* 
. 1T = 10<G ^j* O^jJ) 6* iftLJI : 4*l»?l 
■ iLLdLDIj Ja)i 

cmf= (0.60 x 10 4 TXcos 53 e )(3.0 m/«)(5.0 m) = 6.4 x 10‘ 4 V 


JJjill u>ljJ^ 20-9 

J«tf i>* '*-> +S ■ <*)£ <*U> JJ W&i M ? ■ L V I 

oJwJl iu>Dl <>j dill ^ ojj J.j.J Jj* • JL JilL j-J»L2ll 
<L_ii)L uiiit >iLj>j jl ulLU ix—DO ^ jLLi w )-•] oj&ti i£*i 0j* 
L ojb jkj L>yi ^ J^J dli)l <jL*J' jJLJj . j i jM i d l 
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(^Uj^lJ*)l)j^lJJll 


JLJ I j_i 3jj_p jIjJ >*i j> t iu_ jj Jjl llwj 20-17 JiiJl 

) . yJ»liwU j-utUill JlfcJI Jy>> J i iiltJJ ^jli ji-M <k-[y 
( Ltlj^Sj jill wiljjjljll jyL jau> Ji Jy> OjiL JJ Qrf 5)/JI 
til J. j Jjjull u ui^iJI IJJb 'li>j..i^ . jaLjj j£j If IIjjjl jijfl jli Sjyt’l 

• J-^ 1 lT* J^ 1 J-* 5 JL^ 1 j S* M J! 4i * K •JLT* 1 j 

JilJLi Li r j_uj 4It ni Jt-Laj Jli Jli Ja.1 Ji jLSlt lit ^ljL>uJ 

Jji Jus JjLSjl ji jjjS'l JL>Jl Jill Jjjj Jill J>jl><ll iilWl jJ-M Jjjj ji Jw*5ft 

r-lu jjyli jS Li }Lii Jiu ji j/f Li Ja . - r ^‘11 Xi> J M ji ID!) ilJISu*Vl 
JJjdl jJ JJJJi i>w JjIhuIi d)jj> JljjJ pkuij . J*i Ji< LSJ IjL 
mil ji >1i—j.> \ , JL Jt Ijlu J*au JLI uiaxj L L^jj Ijj i £_*xll Jo£ Jiillj 
LtSj ^ ..iiMmH JLxJI J_Jb Byil jayli jl^JJI jli t ^JaLAi Jlxi *j 

jU-H >kj jJ>aA J* gi^J ♦ uljjJ o-^U: j* jjfi •■* uS» f-* 11 j* -O 1 ^ 11 J^ 1 j ’■¥; 

Jijj J- jj-i, iilkLI ^.tsJl mi ji jJ lib, mull Soil Ojlj Jill j|; US» 

^ . ' 

, (jlLJ JjU-....h jyj H ^j^sji t J JJL y <L ojliL'AJ Jjll i> yyxJI jW J lj ^ * Jli* BjIj)! 

^ ^> J*jV ^JJlkll JUM oLj Iohj , JU1 ijlj'i iilkll ,x<u *Ji« jill Jiill jl;US 

• (0iH' uti*^ 0““) , , • 

jj_> . ijjj ui jlj jjyi jLj Lfjjuy jiii iiiui jili j* jjy 1 ^ jjji 

JA >&)j . OllalJ ,j>jl->Jl jJ-aII jU *<llil JjijJl olSy»i ji »Ul JaiLi i*i jjS; 

. lf>ow jill J.J, j Jii *ij»4 ji o^ J*> Jmsll j* *ji Uyl Ji3 j^ll 

20-17 J-SJ ILu—Jl Bj^aJI ji ^ IV ^ jyl><e JL J^xb m 

Jill jjja Jl>I jl Ja->iLy , p hii ^ Ji Uu Jl»j ji Cl fl' j*xjl Jy» Jill jjJj 
Liil>. jUi*JI jL-L^ . J>JI J^imiiUl»v>ii 

o*Jj5IjJI j*j*l»Ji jw Jlm^i . cjxlj 3jk»^S Ou jljjojj JJ1U Ijj> . j^}j^ 
Oj-S- Jj. jmixii ji* jLiJ ® j^iui jj^jL>Ji 

vLU LyJI c/ISjxJl ji (jSoijll yJ* j< ®jl^ jWAjUl 







( lioJl) JLlI 





: 20-18 Jii 

l jljXJ biUl ji lWh« J. J. j i>ljD 
. lJUI jl i*i*ihh jufi <jc Luy lu 


i I 14 _J i . will I ^Ja j 41 lixiLI J.j. j Jj3 <^S JjlxLj 

Lli Jj3 USj , jull oLfcJ^Il ^ j_jJj uilll ji <-u> ( ' ) 20-18 Jiill JJ 
ijjxijl j_»j Jl tlj l ,11 «_• #i*Lu« L JLxJl l)*k> jjSij £UJ jj 
J] 1 |) >’H JL*jJI l»jJa> j-P ^jlJJI i^ill jli Jjil ijLwj . Lc jlji3 L»'lfj 

. t_jLlil ji blixuJ-J.,). j jlj lift 1 , 1 1 . 1 / j t jaiLii uiiH j#»ill 

b j - *~li jn util ■ > ■■ ■ • uiill iixuJI J. j. j jl jjJ jyli JUU Jic JjiLj 
jJuJUl jJU iiaUJI JjL*J i jSi k jjuJll #1*0*111 ^ IjLl j^Sl ' - .b lxi .-i ' 
_yuJI <o5bu Jjlxi jl « uilll J^l> 

^ 5 )! (> 180" Ujlji# 4ijl}< «_»Ul jjjj Luc ki»x»o U <J*>}U u»>J *li jlc 
AT.M jpLiill jl licLijclL<i) 20-18 J£JI ^ ^ JS JV j#il 
oJj—. ■*■•>■• -1 1 jLull jlj IlfJ o-jjjj ■ P ) Q julsiH 1 *■« LfjlL# jl'jLu- 
uLW jj bluoUll jliill jl ^uljll j*} . J** c* “L* 0^ I* sLJl ^j j^ll 

. jljjjl J Jill jdJ US oLJl A Jk- 
f-i uLU LDU A<1> / At wuuO kiii> <#£ JSyi Jdxu j^ll 

Ijj lj—>■ 4 juL iijjisJl #jjk j^Siij , LWi .j l l d.J. j ujLl>J jljljU jylj fX >OuJ 

LTH* Jj^ll JJbJ jlui.1 ILISL jl jJfi . J.IS1IJ >USll uL> J! lil*J 

. LSjjJi J.j.j 

jLkjJl Jy_» V ic j—*J djUu Jill MN Lull ^ il x u J I d.J.J b .u l^ 
J-£ull JJ B M Siibcjl i V icjjl <6j4 b *i_jl t>i 
Vi ic^—Jlj 1 B JbyLlj MN |»LJl jl Lj . V\ - u sin 9 jl i^o (u) 20-18 
• j^iio MN j ilxull J.j, j jli IfL Li i*Ls 
(cmfljfiv = B( v sin 0) (a) 

o>^l oLLmJI ulj-Ll) ^y-LlI i_Jl #icLi J L‘ i - <l i_ 1 c djiLj 
P jl Q j-*j MN ^Jull M Jl N j* j^£j doJLI jljill #l>Jl jl i5j^l 
J.J. j pSI y-J Uj«* PQ jS <JUL ilxi-y d.J. j jli p! j#J . PQ j* 

iJc JLvJi Jsj_k> jLLL *i MQ 1 PN ji «l Al l jl MN ^i Lxjull 
j*LiJI jL* y d.j.j bi»xUi j) lj*Jj t »_iUl jljJ 

5jj*JI ^i LxlJl d.j.j = 22?t^a sin# 


iL-»Lll it-jJl j* v ji UiL»*i Iij . LoL iJjUii oi* j£*y 

r y» SjSljJl tic ^ lL jl£ I jli ; jljjJI J*> #j5b p-j3 M Lull 

: jli|r^MQ 

v = iar = 2 nfr 

dll JlA JiioJJ jljji-ll jju *_» /' j uLil Ljljl' j* w d 
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( a»JI) jjjiyJI JdJI 


jj L^ lJLisjJI LljjJl oto>y y*lii w ji jtti cJlilU ^Ul jJJJl j» /j" 
Ly Ij XJkL-uu jjk 6 L|jl)lli L ILft Jl ciLi%» yjjp olj»^ f j»liy 

: O^ult yu*> JiljjJj SjyJl jlj^J 

0 - (tit- 2nft 

l f.iuii jli i !_>*,(wi'l i *^>| 

emf = 2nfB(2ra) sin 2uft 

j* Lilfdl J-ilUl jj£ IjJj #$/Jl i»Lx \$y 2 ra 

emf = 2 itfAR nin 2nft (20-9) 



iyNy^\ jjft- ul* *j/ j* *!U <iJ N <i JL ^ J»Li Ujltj 
j-#)JI £* *jm> iI1j5 jail) jljJ JL J &Ldl J.J. j jj> ‘ £*'j f 
L^lui Jl ( LUjill jl ) <jbOL*il J.j. j J-eu £ u> > 20-19 JilJI d)j US 
jt . 2 nfABN ^*kJi Lfiui jlal^j 4 sin 2itft = 1 Lilt Jjdl 

jxJCu ji-jill ji J \) SjH^ 1 f '°Ji£ ufi ifi op! j*^ 1 

JjJj i ( 1^5 cJu 1 jfit LjJ v$i ) 5 < )iu^( B J A pi jJj i ( 

, l> JUL oltill J* j£ 
: ^iJbJf iLjJl ij^Jl ^ie 20-9 UjIaII k_u£ j lySSj 
V=Vo win 2nft 


yi] , IfJ Jwill Lfill j* Vo j l t IL>J 4^ JOP IjliJy)! i*o3 j£ V Jtli 
J-S Vld' j^} <m> *JW y*Z jljdl Jill j UJjiJl jl ^l)ll 

jj Oift! Lylj Lj —u j4 Xi (jjjl JLJI JL ji fjki Im ikilj Jjju liiij 

y* lj-* J-i* fll *Jj . JJJjL* J.J.j 4_JJa Jl_L6 Jjjl- c j-ytLw Jl>4 
jUl j^ll jli ; 20-20 J5JJI iiJI IL-JI djSIJI j Sjjill ^ pllb 
Ofj*. jy ^jiL-JI 'y*)\ ji JL>%!) . Lilli J5 Iji 2f »d* fi 1 ^ 1 J 

(0 
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AWvV 


( 6>JI ) jjj&ftJI JoiJl 


■Q- - 

:20-20 JL& 
• )* • > b 


J< oLi^i Lf»jiJUJ ^1 Wjiil jMl oIjJj* jjii U ojUj 
jj> itu-.L'il l^—Uc OjJw yi . Lift l»LiiU jj3l j j L-uuO jUi i 4*jlyf£Jl 

oLujjw phVT ..>L :jLp UjjjJ ^ Jill 3jliilWlj . If «aj 
r«0jilS flfcu jj iiUall Jy*5 <ul*£ jlfjL Jjliu-} . »UI ^lijjl JjL ji 

, 20-20 JSJI J 

jjJUl y|j i JLL» Ifj ^ <>yi» SjilJI yj£i laic 

jJjil jLii ,)i . iJJLL! ijb? Lit£ 5y0l jj jj-Ji 

t jUJ iluji jjii d*J ^ ^ ^uui juji oS> * (Jill) 

jjJl oSjj l Sall iilkllj |>J y_ij , yljjjJl |>6 eilil kjUL»J JjUJ Ojill »j* 
<>• ij}ll ji . jJjII y-Ju j_« jlfJl jlji* jlfi jmiAj Jjll Ifj 

. o5jjl5uJI oLUII j* jujll -iky jLJl 
fjUIl Jl J-tu ^JJl DjiiJI oL* V jJjil if* Ifji y£ y)i <^JI J) 
Ijl-> Sj^Juij xJtfi <31 !>j . ( 18-7 iJjUll) V7 j£i-> 20-20 Jiilt 

OpUl 4_j5L}ji5uil oUsJlj lj jig QySi ■*! j-jJ* OjjjJl jlj t jUiIJ 


J-ikiti) OjiUI 5JUaJI lijJ j_»j . 3jfL> Jyi-'ill J» y^SuL. jJjil Jtxla) 
UU, JJ iuSailixll UlW! j| <U* utUI j!jI» d»iiU jJjll 

jjjll .Jl, J>lj <U>lJl <lSJlxJl Jy JfUuJI <Ly^f5 



4-yLj^SJI oI^jaaJI 20-10 


r—S_JJJ , o S l . < i5 1 « iilL J! 3_uLjf£ll SJlkJI J^_>y jlf^ )* 

L_»jlll iyjll jX-eu >• »;j t iyj—y Jj->J LfkJxkj L*wj 20—2 I J-SL^Jl 

<1, ^ jjJl JUl & ijjt JS> jUll ( Ojlly ji) 
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:20—21 Jti 

>d—**)> J—*»-) dj»-« 

J ^ tiP L,,liftJ 

jii-) <—14 tf* 0*^ 

Td>*Jl 


(^ti^l o>JI) j } /J\ ^ _ 

y> ^jliJl ^ ..jUI‘.«ll Jl»jJl li*j . pjlj tjPy* ii^l Jl»Jl 

JuSLy ) . bij^Ki J>» 9J/JI ijbji J>\jyi f/i "S^ 1 


* if 1 ^ ‘i^ Wl l»* 1 



ILSjy (19-10 JSLiil, jJI ijeli *=*#!> 'jj itf* 11 j •J/* 1 A 
MjL 4 Ji-u ji I jjaJ ojl^ 1 J-** 3 J 111 ^ 

LJ5 { J^JI Jj*, jjJ! JaJJI jlj U*j . iLxu ij£u C>;l> 
. ojss j ojO jfi VfUhiy 1 siui jiA jtuw j& us* o^ 1 ^ o* 
^Jj| :jjjul! Ilf 6*J> yl» Jj* lijil* liu UUJ tel 

(j_* L-jj jiij. ^lyi jj vj»i pH s* <% k 20-21 JjP 

, jU3 <* J4 lj| jilyfS V^ 1 *j '-^ ll j Je» 

,. L*S ) (JLU jiL^I k^lxH jl 19-23 Ji-ll) 19-11 J! 

J>JfJ j ^y-Wi ^ vM A i* < M 
JUI ^ Je tiiiyft ol* ‘ JU> J 1 ** f^ 1 ^ 

0 li LmuJI £-* Ij*Ul JJil 4y-~* ^ ^ ^ • oP' 

ds> ; fJljJI ^UAJJ JL-JJI 1> ti& u 6jS*- & 

. .^i fl lil jljjjJl o* '-i 111 'fy 

Uili jUI jUJl «l*sl ^iP (>• U ^ * l)b wiUl jJi< ^ Cf>J% 
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L ik-ljj »ju» y*iJl 4_J*A Jb**JI 

uu'i ju^u J&& i Ji— j'jii .ij-frj ^. uyiiai iibji jj jlii 
JJlIj ^ Lib iibJl jli)jjJ (>ulll C^ISII Ch^j^ j^Latili 
Jaj . J'ijj'il J*— 0- Ch^ if ‘wb O^LJ/JI £■*) ) . £* 

jl^iJI C,l» Jill Lib oi A>ljj . ( 6 ^>jj j*-" J* j ^***^ 3 

iiijiJl aiyj< ^>'5(1 JLajJI J^> <> p 4&J* jdb -*>i if "ty ^! 

. £|j JUI Jtu ^ liU V*U1I ifc»JJI Jill J^U jlil jljSJI ^ 
oL*>U*u [ Aii-i IfJtf jrf—iSj * o£y>JI ^1 i> j*»)I Jlbj 

JLJL ju J**i—*i LpLu CjJ J# . ■uMjJ! oLJ»UAll Ch ^ 

8 ijiL-Uj 3JJIjLl Jkljd 4jJ*3 fJJ 0Lij>Jl ,>~j . Iki jKl yljjJ fjfi g M 

J.j, j jxoi $ yi> 5il Jbj . JJi ills y »J J* M >Sl JuJ' U- 
^_£J JLL1I l |.8 '^ -j ^yjl jA iillJI ei*j . jljjdl ikJjj iilkJL Jill jli»L pjM 

. J*J| Jiw 

J_uw 0 > JJ V^! d^^xJl ji Ji j!r" ji 4 olSpJl ji 

jJjll J-LS Jj-»JI jJ jljJI JUli • ^leb*ll J-i-i o^* j 
. dj-xJi j-tJl J&\ J.J.J jJb; 4 iu»u aL*Jl ji 0 >SJ iM) i <iU j * 1 >I* dfi) 

5_yLa Ctf& J>**Jl lijli* ji b*J SjU* j! **«•& -il.J.j v^ 1 lifjj 

l_»jbj , u-Jbll J.j, j j-» <>jJa <W> jLill <J jj>i U jli i wWi 
d.j. j ^UbJI J! lSj>j lj-*j 4 *J&j> Cm ^ ^ U J* >>11 Mji 
y jUI jJljll ;Ullj 4 jj^I ljl<3 v 1 *-* ji dj>JJ J1J (? IjQ ) 4 *~*£»)i 
4_jL> p33 jJJj . JpJ! dUj jljS-fc! J! tM i5j)i Ji dlj Ji*>i *J d^ 

l<_b Silkll ( Juj fyk 6)^r> r Jb IJ* ji-lSJ j f J <_jUH a J (> olSyJI 

. jJij Jii l«3ji>» ^j-> £tojJ bib ( 4iUtt) 


: 20-7 Jib 


Jj . |Jb j )j» _y»j 2,0 £2 -iJl jlidl; iiy^> old l»jli* 

iu> Cm jddLi Uili 500 W Ujldu jy£ i>®bJl d^xJI U 

V d^>Jl *ux-m iiUI jUjSlI U ( i ) . 20 A J] J*m jliM OMa 120 V a J 

? d^pJI ^ djU jdl 4xJ*il d.J. j jljij U (y) 


1 


: Jalab JVJuuil 
<“ dj>Jl C^ onWI SjJlIW I5U*: Jl> 
Sjlj-x J! J_y»o 4 SjjJll JsL> Cm dj-xJl (iUJ jdl Sjjill.yiM j] : ‘bWH 
. yijliu ojji JJy^U J^- (Mi **)*• J 
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120 V 


:2Q-22 Jid 

VjlLt jld > Ui d . J*J 4 

. \pjic. d.J.j J- yJljUl 


( 6>JI) jjjd»xl! J*wjl 

V Ujh 3 jjJI DijjiJI je- SjjjJl iJjUll j* l* : Jljw 
. ( 0,0 *, ojill) P = TV : 18-7 <JjWI <> : <jl*)fl 
V OjUJLI j cjoil OjjiJI l» : Jljw 
(ijlydl )P«PK : 18-7 U>UXI J>i l^! : ol>VI 

? J^pJI DjjiJt <JjLu jk l* : Jl^-/ 

P = P(i> i 3il)-P(D J l J >)=500W ; Ol*Vl 
; jLjSlI iiyw JJ jjji % 4 jJUJ 1 *>;Jl i> UjUj JJ jjji <i%JI el»i 

IV PR = GOO W 

V JjaaD o-SaJI J.j. j OjJ jjl>j jjJl Li : Jlj* 

j_Lc cLu« aILiLm j5L»j . ijlIjJl j-ollc ^i ^ni * ^ J^*JI 

SopIS > LJj , . ( 20 22 JUl) . <t L>l*Ji J.j, j o jly)> 

: 

llOV-'g jtf = 0 

. J.j.j jiiS t ii)iAi / <Ui* Ijli 

^ i <*uii L>jjJi ,> <JjU1< ^ > i/i * Sry iUSUiMjjsJi 
ox* + fa + c = 0 : ‘L^MfLiil 1 

-RP + W - 600 W » 0 

a * if i 6 = V t c = -500 ; j* o^UUll jl ^du-d 

- <JjU 1> ols J>* 

-V + Jv 2 -4(-ff)(-500) 

2(-B) 

i? ^ V i yiiaJ £>£ yiupuJI JaC l«Ajl*uj |>5ui SJjl«ll JA^J jliiill 

/ = 5 A , GOA 

jLJJ GO A i^l iyillj (jam JJ i5Jji (iJl J*)l jiLL* LLkj 
j>a-i Lilli I - 5 A yj ^UJI J>Jl Lii>i I jl Ul , bjjiJl Li Ujiji <jl i> j£' 

. *±£a}\ J.j.J oJ 

« = 110 V - /R = 100 V 

. UL> >ju£ jjSii ,ji jiuj J^x*U 0-A*J' J.J j yi ^Lj 4 Lfiij 


: 20-8 Jto 

^ oil* ^jdL*^ ! 60 Hz »jjjJ IjjjL llf?- ,J»*i jj^iLI jlJJ Jji y* 
^dJl JL11I l>L*i j» U (\) . 0.50 T 4jjdi JL** j ^03 <iJ GOO 
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jJ-iw J.j.J oiLS IjJj (sj) V 120 V iydJ <4o2Jl JjcvJ 

Ak J»U\ x^\ <*3 J Li I 20-19 JSJJI j ^l#]l ttfell ^ ^jJ! ^ 

V j_jk)l Ijai) ^laJjAJJ I (> ^ Jjyj ? t = 10' 3 H 

it^Luijyj&uri 
V uilll <>Lu Jt£ J.j.j •_}& . Jl^w 
• ^ £* ill J.j. j ujullju : <bl>yi 

V l$>aS)I «iU j >T ^ jl Jfi : Jlj* 

: ^ - J pL ' iaIi JUJij oiiUl jjtfj jjji! ^ ; ^1>VI 

j. j) = emfma, = Vo = 2nfNAB 

Vo- 120V ,iu* 

• 20-19 jui y jjiyi ^yi jyji ju*; ijjUii u Jiy* 
j-* ^ jlilc'ill ^ < ;u> jl illjJJ iiUll iljUll jl * ji Jj'ii' ; Ol>^l 

, V(f) = Vw sin (2 nft) jli li$J«. g\J\ J^mJI ^ iljjj <, sin 2 nft 
p 10' 3 s <>; i* V iwi ^ U . Jl)* 

, jpijJl jiJ&l ^IL (2nft) ji j^jw ^ (sin) vy>Jl jt>j[ j, jjM ; oUVi 
• Ol* ‘ f - 00 Hz jl L, 
'lift *2 (60/8X10" 3 ») = 0.377 rad 
)’ *j]b i/ W^l is*! iLxil SjjIjSj j* U : Jl)* 

j*<yi J^L> y t bjjj J^" c 3j_* 4 .Mill t> Jj a>Ju a ; Ol>Vl 

. 1 If jjLu ijjjjJI jjjJlj <jajIIJ 

< A i uS L W Ij JjJI 

A _ Vo 120 V 

2nfNB 2/r (60 / h)(500)(0.50 T) 

= fi .4 x 10 4 m* 

. (#j>lj "<ay _jl ) 2.5 cm jaJ uU oLu <*»£JI ai* yiluj 

#j-» J J^>JI SjlJ J ji . 0.368 = sin (0.377 rad) <jli t - 10 3 s <Jx>JUI jJlpj 

: <Ja»J]l 

V = (120 VK0.368) = 44.2 V 

J* Uiiljlll J+>ll JjJjJl (jijJlj 

T= i =0.0167 8 
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( afcJI) jjjiuJI JJ)I 


ctywJI 20-11 

jt) pyO dIj[ ytj i Jp*ll ji jt+ik'aitjjjSJl d»Jl oli^ki ^1 jl»I ^ 
Jjl-6 jjpjiJS J Lf* J* • JJy* Op Jj MjU op ( 
15,000 V ojIjaj ^ioi ip JJ120 V djIjLj jlpU J>IjJI jijUi jpJ' JpJl 
y-jP jli i jic JIm5j . jlpJL ^pJl L^i pJL 

p'l Ha ^Ifr jpj*D Jpj j* Ij]j 9 V pi *Ly jp j] rJ*i ifjWI ul^ll 
J^pjJ c/ipji JWJ j5 l»j "ij . 120 V ybj Jj^ilb ijjill Ja> jp j# yiixill 

, Jmj ^uu]t ^jlj jiuJ <Lu*S IJaJ k jii.iul jLuJL Ul*Jl JpJI 



uJli (iJL^jL> yJi j_* JpJ I jjSiy . pip 20-23 Jiiil Jvj 
pj) Lpytlj ( IVp J* iip*y ) y> Lpljl 1 *l)> 

jiui Ijip j*_£u3 jjjj-il jLuJI jJlau ojU ^1^1 Jill ( iiJAi 
jlj JI JpJ uauJI ji Iwj . JJuixll JiJl J*M jJ»U< 

jjJj IjLfJj • j* L*£ tijilDI Jill Ojlisi jljJjJI ^ 4>bi»jJ»JI 
• <-* y» uJifltf 1 j-iui o* JJ JSi * 

. ui J,j, j JJ (3^11)1 Jill pill ja(*JI 

Jill jUl JJ jjk*j U jli IlfJj Up o'llpJI pLu ^ olilll i*jli« 
ijLiuj . 4_Jjj l^wi ,«l ^jJlj Jill j-i <p*SaJI J.j.j^^IjmII 
^LuuJj ojJUl ji-w iJJyJ ojLa jjk- jj lie'll I ji lixL-ll J.j. j jli Jj>l 
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:20 23 Jfci 
«yJ» jj Jj#-» 


( Ul>JI ) jjjimJI JtfiJI 

, yd Sj jl p ji 

yijL'ii J.j.j =-N P ^ 

. jylSJl JJil JJLivy i_5jJI j^ucJI { jJl> y ( I > Li±*> 
O^lill jjiyJl d* 1 * j* Wllj 





d,J. j j i^lfll J. J.j j^ O^WI j_P jjjC jtj i J_pvJI ibbu y ti M 
J-Lc jjJULy . jjiUl oliJ jj£ j* 0~uJlS j^ iyuJIj iyljS^I 
jiJl Jj_x«Jl i £jljJl Jj_XjJ| pJ ( N, > Np ) il>ljjl J, J. j gy m jjjl 
jl 3_iU«j j£j£ jl 4ji JsL-^lf. jiiUJI J_jxdl *J (Nt >Np ) Lyiciy 
^L_J| jluJl JJjiil jLill J y^j J**i o1lj»Jl 

viijLXi ^ oi ji IJL» j^ jlll jl*»JI jli <JiL ^jildl SjllJl jj£ 'll Uaii 
L j-i > ~ I» V > .*> djj Jl iiLe^lly , f-Lao—o K Ujjji ^^Jllll uilil y OjjJUl y jii 

si«l5 li| ULxi 1 _iLi y Laji jij i>y *|I oi JljJl J^uill 

LujJl J}L> <JL»y jl JjiJI pjy vilijjJ iiubJl 

oLSj^JI d-li L»jjJI ‘bj<-SX fjii —J j_* du* j£j |J yjj y> lyJS 
. <iUaJl ji j j .njll jjjJI /Ilf »..ri If iiil kii'll^>w»!lj 
j_i IjjJ jLi }lii oi \jjf£ SljjM JaiidJ (jjiliJl uJil ji jl^i y>~! IjJ o] 'll] 
j-ili^lll JLUI 4—Lf-iiujAj ji Jj’lf isLUl &ikj . aLsjJLL d l fjLo ^jy> ijlUl 
jjiiJl jij jli <JjjlsJl ajjk cxsOj . JyUll JJ IfJ \&oy ji ji»jd y> J^xJJ 
ojJ y US J*io jilAlfl Ja>j jyidi ^ 

‘L^SJl olSjat j-4 j fr& i c ijjjUl JiU o v J»>jJI obi; vl, yl j_>i 

ilil« Jlw Ijjaj oldyi j* 100 km jo ^ gi ji ji4 JJ ^yi 

150 W i MIjl ..11 i » j l 100,000 ^1 iLdl ^ ja>J> JS jl ,_JJijl , o2Ji> 

. J_SJ jj-llvulij jj *mI jl S*Ltf[ A Ij.rti J-jLu Li iAt <LiL^£]i ftjjill ji 
y*) ) 120 Vy J^l j^ ji>j (150X100,000) W y ^Ji jjiJI jpj 
: tmju ol20l »jj£fl jli ( »jajJI oL'i'jJi J JjUJl y jImII jy»Jl 









( *k*il ) jjjkidl Jkdl 

(150 WHIOO.OOQ) = (120 V) (D 
1= 125,000 A 

*>j vLu jl JjUil oiu5U^i)l il^LiHl jl 

.ylL L Jj ^Uai* •lyj^SJl tSyi, j(j i. jilj j**-; jjjj j*I Jii 20A 
jj pPjJI ^Lej . ^jJl JJ jjjUll lifj 5jji J*>j ^ ibLSl iili j* 6500 j>j 
Jijjjj . <iUJJ SJjjb^ jjSj** »JjU> y-Uill *Al£ ji Hj 4 j*d *j* 6! 
jl Ju* slDjj oUU iikl iLjki illiil lift J}> 5jji!l ot $J> 
j! y) 4 J>LJI JU1I Ji , UjjAa; I iuJj VI y, ijjill j^JkaO j i*+ll i*iSJl 

: j(jV= 100,000V 
(150 WX100,000) = (100,000 V)(J) 

/ = 150 A 

JiiJI ji 1*5 . UUJI «i* j j*15j Ji! ofi** jUJI jji 6y 
ii'iLli j*>*iJI i»^jj jilill ji jM) *<UU I»U ooD <J JJi i 
J_aJjy DjjL*)l jj JJlill lju* ji jft* , £lL Jii* J**H ( J5U ) 

DJjJull OjJii)l ydi (1000) i ij4 L>ji yoii- ji (Pi?) g)* J* 

ji ) JU)i Ofajl Jp*Ja> J! ijjiJI olS^i Ut lifjj ! ! l*(/Z lj» jj*l* 

J_*»j jJj Ixjm oliL-i ijOill JL ip ( JWI kAill l>jkio ljU>i *JJ jLl 1* 
500,000 V Ji U JJ liUi JiiJI j* 
ji SjiLi JjLUl JJ J>Ll tjj» JL Jfi ol5j£)l pJi Hi jJU^I j*J 
o *iy*4 JJ UiJ ^LSfAJI jLl 50j j* H.^ . J*a» jj5*- 

LiiaJI jaju jj Jj>l o^4j £jj*JJ olkxJI J Oi\> 

. 120 V j»J JJ jjf>JI »i* 

5j**£]l jS 240 V j+> ijk> Jjlill ji jA ^ W 

120 V j* Hj* 240 V ojljii 3 jU J**3 ( jl \/% oliL»Jlj *<^1 dtfrf ) 

iHj. ijui JUAiwi jj *1^10(5/ £»i ujuJi >i Jjj 

J^i-iHl olj Jt>a5j bjU JuiSl j* <ji ^ w-uJI jiJj Ji jjli 51)1 
. 120 V j* Hi 240 V Ji 3jji!l ji 

duJ> jjJiw 

iUiUJI OHLjjJJ 4jjjJ?ijjlJl ytflpjl 

^LJ! j*LaUI ^ li$ 4 18-ld f-SJI j* jiUJI ij*lt Uaili ^ 
jl olji^iJJ jiiJ (Ju5j oHLfcJlj olj^jJI ji OHUll I jj Jjjlj JM- 

yiJI Civ Jl »Ukl l* AiV j^ll bui^j . jiil) j-utUA* yAJ ik*^ 5i>AJ 
, iilli!l iLoj*2 ;,|.^Uill obwJ' yA*fj 
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( 6*11) jjjiuJI JrfiJl 


J—?_jll OjUo culi Ijj L ISjaI jjJ»1 d JuI jail jlul! *ii> jLj>l jlS oil 

pJ j—JL-*» jj I oiujj : JUJIS 'll jl IjLo jiliJI ^o>LjJI 
( 7.2 K jaLbjII 7<) J1LJ! pjJfJi i»jj 4.2 K Jx> l$3jlj» i>jJ oJL 
Jj J-MJ jLu OjUluil A—t ^*«JotJAll JL>Jl j£ <jLtf 4l Ulj <ul>JI OOjui pi 
Cm Jj*-jj . JSL ji^il jr-ubUAll jiU iJsilxJI 

jLjlil fJ joj <iLL>%fI J ' 1 l>\>ijli jl J J j 4a S jiu 'll <uli ^iiUAll JLkJI 
jj-utUill JUfcJI J_^>j jjfij . Tl=LIR »jljju jjiOj Cyl^ l*J J> 

j—) jl> jLlll Jll > i« A l Ja- x L jl jj)l i-iiljil jli 1 /r » i . j Ji <&UJ| jLu jt .yiliJl 
, LLyl» BjLil OuUD jl jilL-^Ul Bj» j*ll ( la* Bj,jjw> R ) la* l^j 6 Ti jl£ 
^IjU jLoii ji jjj cJo ai 4*1*11 oljl^i jli jic jalJi J^AJI J UjSo LSj 
^1^1 J ju> j* R ji Jl J1J 5 jtiu t BojO£ 
BOjO> 4u< j1tU A* ■U-al> ; 1933 pL oiaAiwjl j ji»uL jliSl jUUII JUS' pj 
j-j Bj-S Lu»j oJJ . jj—jjU jjjLo o iy*5 l-i >Ljij i iiulAJl o^LoyJJ Li*a»j 
I Tc jjj la Jl lfjjlj> «-*jJ Lii> pa c ,^-ytUA* Jl*- J ^UjJI 

uJu ji IjJuO L-iia 'll 4-il»iJl 30* ji Loj . ( j~J s Li*il JlxJl J OjSJb jalsii*Oj 

oljUJ jj-S.*.* jj oL Lujj jljljLi jjj Li jli i ^>jlSJI ^ nliluU 1 jiuJl ji 
jli ; J-j-p^jJl <L*5li Balil OjLtf la ale 4JI - I ju» £_« - 
. BaLil J_>Ioj ^>jLk)l JL*J| L-ulibj UUj c»AJi B^ll ^ic ^ill oljlalll 
L^aUlJ Lj—lj . ^jJla» <^-J>U*al.j Bala jjuv jJUJl Joj Ji j! %Jj la* jlij 
CjIjLuII ji jj£j ji jlii*; 4a**Sl jaj ( 19-14 ma!I ) Km = 0 ^a-J 

bLLjj,} jjJI iiiaJI < , > .))I uLajJ ju lj ^*jLxll JLx»Jl Cj^Jd ^ill 

jli jlj i la J— »j* jl»Lf j1ji>l ^1p jjli j-JjliAil JbeaJlj . J^jill la* 
i ^ .ji ^ llAll Jl_>aU ^ILiJlJl al«al_j'll mjj .« Ub L5Lu>yi » 5L»ja 

. JaU)l <JL>J jai» Leu 5j*Uj 

j-« Jjl 4a>jl> ili'llLxJ 4aujJL 'll] Xojj 'll jluala jaab jl Ohj loaf v_lilSI pi 
lujill 4_k>jliJl Aj — 'Jill o'iLxJl jlj t ij->l BjLuw* . 
rj->J' Jl_*JI j-* J-iSl Cf*jl>Jl o'iLxJlj jlUUI JaaJuJI <Jl> jaijj 111 

o'lLxJI 30Jt jli i ^ jiill blilj 1111 J I Ii.llij . la Ball 4>.a»ila Tc iaal ja jni>«1 

Jl Bjju^ oljlu JJU jl Lr kOJjl Jjl> ai« . 200 mT Jj 5 ju L^uJ ^jljlwj 5jaia> 
lej-aj Jjji 4_jl 111 i iaivi i^-J»lii» ollUa J* J«a>m Ji> <SaUJl o^Lj^I 
I^jli ^_uu j_jJI ^_a oljLuJI oo_* Uojijo jjJl ■ul>loJl 4 u >..iihlaAll o'liLxJl jl 
ClaLa Jll* jl Jou laaj uliiil jj jal>lall ^oaj jl J& , 4. L* ». j -ig ill Li) I iala^ll 
o"l)L*a jj jlLi)l J_,w3ull ^ J>l*i>1ll Lfiiu ; If^Sja J p^jrfill J>0^ 
A_iJjll Jl JLJ I Cilj i*l*l i <ll ja Lijjij i* 1* 1 1 . all DO* J jAj j . 15 T ^lc Oaja 
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( C**JI) jjySwJl 


o'i'L^v J*Lil>Tllj aJ jJ cuJiJLJ JuSj ; i-ttUll o5L<ijll jy II pJL 

Jj>l jjl> 4^ i£*i k* jA 4j-utlii* 
oUu k Jl sllij . jlif^Jl _jji ji iiilill ■uLejll obuuLj jj xjaJI Jly 'Jj 
J_>| jy JJjj J_yji)i iiili i+JSj Sjjili JijJ J»jl*»j oU^i 
(SQUID) jj^Lw J ij4^i Jlkj . i»jttj Jj»j yyy 
liili 4-uill J_>liil : 5-il’oJl oNiJJ JjS’l yjj_*Jl j* jj>U ^Ij ) 
j_** i Lilb lijj JL»J< yUk ^ie 5 jjU j_»j ( Ji^yJ 1 

‘Lj^S'l uiiUijj yiillj »JU»bw aJm jll o ... jtiU «ll lul^aJl ^LiiJ L)l> ^j>LJ 

ojJI LaJL oLwl^J ^yll jy*4jy> o5U^ j*y U JLi* ji U£ j^l 
LJLc oh y~> olj ^JUbS t. jifxL) ( o^x* ^liji <*j~> ) 

4 JULJI kiijL^Ijil J5Uj <il& y n ifr V i >jy • . <yk>i( j^UaII j li> 

J^yJl iuili jlj* Jlwu-»l jSbl Ijj i \jtfi LeliiJl ( Jj 1>L jl ^ ii jU Ull £>yiS 
U*LLJl <iy Jl o'llbJl j^ly jS jj J»> Tc l»j> ol>jj LfJ( 

Lwa^I oaliiij 3 jLp jljjl s_«J y j<SbJV jMI J**jill jl 
4 jvjju lf«-f4 JJ ULflji jlll jAljJall i-ilfi m >SJjl lilt OwJ O. jjj jJj . LwL> 

. <LyiJl ■uwLi^l viiyJJ 

fbuJl JUI 

; Ijj'i jj£ ji J^AJI lia Cikfil J&) j j! 

UjUil! UUJI (_*) k yj ^yli {■>) • (-^) 4 1 ^’ (v) ‘ ^i-ul j.j.j (i) j 1 

, J**Ji ( ^) k L-iJ< iJ.J.j (J»)‘ ->-»jlD ■4^ 1 (^)‘ (j)‘ j/^ 1 (.y*) 11 (j )• 

J.J.j JL-J k_L*£ LkjJj < 4 !^ rj-i^ J l U l*I» i^jJl tliuill ^ I Jj*i (>-aii *ki-u i)l> ^ijLaj Lik 2 

, kioiL<il jLsfl i>L>jl jjjO jlj <jL * uLJI 
, < k u*i o'lfl* yJj jljljli ^yyii j[ 3 

IljLall iSLxJI jlfi yy ^1 J«lyOI uuai ylj , ikljj iljlfi* CiUl»* jl *l»kl*il J.J, j tliLw ki^S jl 4 

p-jji iiw ji^ jiyii yb LfJ5 <^jUsyj ^Uuj iJUk* ^iU y* j_jiu Sjiu (>yij jLiii oh u-j py j' 5 

. ^yyi ^ ji*yi »iuti!i jjy jij, syijji j^uj <t>j j » 
ipui ji jUl)< W jiAj jij . R k L jUj o*k lij (5) ^ij J 5j/ji( ijSUJ ^1 jiijll «wU)l y-^j j< 6 

. ^LUll jLQ J juu t <JmJ i^i jk 

»ju» jijuu y—k>J jlj . J—JLfk« iy»> Jjjy J)> OH J.J.J Jj>j^yy Ci<»j yH jl 7 
. v UjIjJU ityH Ji>JI Jk l ^ vilLJ <l>dJI ojj+ 5J* uiU' iyll 

3 *-- x-ua; JaI^p Ujl Jkj k Ijjyu lxf> Ju^ jij . ki-u jjjii jly Jjl ^5«i ^y jl 3 

■ Ch^J Cw k-j ^»y jlj li* 
iljxJl j^*aJ iyljll k^yjl Ji U io-k&dl J.J. j X«W Ijll jl 9 

. ikk^ Jil^A Jys J^sJI 3 JjIm JjJw jlj . Jjyll Af*JI JH& ^ Tjfi u 1 ^ 
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( ^pulrUiwj^JI J>JI) JrfiJI 


oLu»>jj 4Lwi 


. dLJl ji iiio iyf j111 r^Lj OylL Jxi3 1 {*j liUJlj . ftjJL jy j^w/L M ^ J^- 3 1 
jL tik JI ySlyi 1) iLJ Lakj » 5Ui 1 tfi»Jl ^ ^liill jLiy Ujulc 2 pij iikJl ji L J^ 

. <UL> JS ji L>*jJ* Kt jl^tU LguLu Iawj ^oijl , Li IjjJ 'dl Ljk (i_j) j 
jLilJl J-*l*i Lli , 5 a J > 1|I jy sllLJl ji LLaijj 3jj> jaImJ Li i c,iL>n riw jIjIiL IjLj j*;** ■■ JyL JL J*aj 2 
i JLJJ o—JL £-klji «j*J l*il*i ll«»j p-,1 ? ijjAH ji »*iVi <ll jLuIl »UJ ly Li t iUi JLJI ^ yil 

• j* ^IaaS-JI jLjJI ol*3l ill» JS ^3 

yLS / ,», . > >/ L-ij u .i , ; ti l i «,i tiLui Ijli , ul>Jl jSj< jk jjuajJl y yii Jlk jtSj . jjLttli jy i^UL ul> yu 3 

jLJl iJyJL ji 4 _*aXm* 1 I J.j.j ljupj yt iti i <_j*jJ( J v A> i>»...,J vJbl /J ij-cLil j j L»Aj*i J»j 





L)i—nJ 





. jLe jiy 

^Lui< jj_S i Jjk 20-1 ^ JiLJJ jj »H ^ylUl Jill ji IjL 4 
yi* jjj (y) » JJiJ LjLL xi (i) Jill Sylj « w Uul 

. 20-1 r J5LSJJ o-JJL 4lUl J ? ^ 


L* ySi (I) UjLHi L^ " > * l>»i jy£ / .Li>.i jLlil jSJ Jui , LLj jJjLk jiaJau** jyL LLJ ji y» 5 

. Lillil IjLxJI jj£ Uj*-oj j_j£j ji y*u uuSj jyi LlLo JlyJI jUUl lilj V jS^ L yLoi (y) j 

. jS±i L _L-ijI ( j ) 4 jiu L yj^i (_>) 

V JJil oljJl _vLJ )u jyLJJ <JjLull oLkJI jJuj i_i*i . Ji^L ^jy tiL J>lx jxLo u>L jubj 6 

J->L ki—ii ^ -t> Ui «i yu-oi 42>j> JLi . jmfIj tL»Jl ^ Ijl> iJ^y# oy>j 7 

? 'Lilfi JJ y^LUAll J-ijj IjU j-'j 

cilixil LiijjyiJ'Jll 5y^_>bu iulijJl jjlyj ^i> jLiSl <j*>*nn J.j.j ^ixkLil <LbL| yiili 8 
yij'iiJ ^uLLmII JLyJl J}L» lx> i^ui oLjmu iuc'JuaII jLiSl jL Lk i ok 

. ^yl -i LO JLy Li,ii~ Lik 4» >J> JlLI oy] >'1LLI ji LLij Jj^c 9 

Lkf y-uii LiiXj»wi Jjij , 20-2 !» J-5 lA 1( J| fy^y'y oJ^aII »ju* jji 
li-* V J— J»L*i Jby iu> JJ OjuL) L yj |> ili-A* olai 

<5j>u j^LAlt Jua>o/I yJkoy fbdl yil'l 

dUj ^y oyjj ^jy jl ^yy? a>i jk 20-3 ^ j5-ui ^ ilwi <zuji yL~j 10 

i j-jyil JLLl JjL> (ijjyLi J.j. j ) jjyLi jLj jj-i J . ^yi 
y li>L< j>"Sl 4* wyu LjjAi l>y jl Li '' IjU Ll>L ulxll CjJv-tflj 
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2fr-2 fl )vi 





( J>JI ) JrfiJI 


y-M lit y > - ii » 1 J J vwljjJl oljLiJ! ji y uuJl ^yil . yjyjl Jill jy 


. 6±i±> yl* <Ji Jill ui k ^UJ! j^ ity^u 20-3 ^ JSuUi y ojjuJi UU)111 
jl ^ 3-abJi o.ii yiyn jui y ^ uojj. ^uii <ji*, ^ 

. oUUJ^fy jJa^ Uy <L»l>Jl JUJU -iLk , kii±x,j L> ry : . jlsi 
j-< iillaJl JjuJ JyS rj —bp I . fLi'ill jl* Miui - ajlc - Jlu 12 

• *SU> J! JiiJl oljjil Jj>j J*S r/i* 13 

JA>1« 



20-3 f JSl 


: Ajjbjy 4iU> oli>j 


1 Weber (Wb)slT.m* 


1 henry (II) = 1 V.s/A 


( <J>) ^Uill ( JIjlJI ) Jaill oli>j 
(Lj|j#)iibaJloU>j 
: *u-LI jjLwj oiiujtu 

(<t>) ^Wl^l 
y* U A o-La Jui> jmh^LaII 

<I> = BA cox 0 = fl|A 

n <>Lil jIp .liil JjaaJU B jju JjlJI y fl ilu> 

y joAli jjjLUm Oull 4iJ AT o Jilt ji iiaoJl <ruuull J.j.j 


)iJ^ 

y ) LijLw JI J_uj Lj— Ofi'aii ^Lkvt j_l>y il.j.j aL^Jl y jUl jUllI ji HkLlLI IL-jill J.j.j dUJI jj^ 

. j^jLkll yj]l y kiulaJl ydl ( Libu 

: OX> 

. Ws=VjiA>V 1 
: jjt jl JU J^> yii^iU £h 2 

JUJU JIsjII B JL>Jl y ( I) 

. Jill I»La y oljlu ikJy (*_>) 

B j Jill j# 6 Jjljll y oljJJ <LJ£ (->) 


_ 











(M) aJjLuII AjImJI 

. JUI j jl^JI Jjjuj JyluJI will I jj J.J.J jn uk-pliill CuIj j* jjil* j JJ M SJjliill ttLxJI 



(L) <Ly1jJI 

. <i_L uill j jLjJl joju Jj<uj killl <SwJU J.j.j (Ihk v-yi coU jh U i_ill SjliJl iiUJl 

“f -i(f) 

: 

jjilll |suu»j jJU iJjLiJi *jLmJ* i*i*j 1 
Lm I = jUn mil = /io nM/ : ^ Jli ijM\ aSUJI 2 
. i_il*D i»La j* A j jfiyJl ^ilil Jjl> y> l j oUill | ^JSJI joaJI N s1am» 

. JjUl {>* JU J53 cjUU! Jif jt n j 

Km v_c*^ ii/Ul ibUll jji Km *m~» yj I<|Lm ^jill 0! 3 

J.j. j j JU) mU* jI* Jj1*j J* <U .om ijilj 

: <Jlllf ^l^JI IajuU SjiljJl jUJI oji J<S 

/(*M/(l-r«w») 

. SjJIJl y ^l+UI jUl %IR±t> 

: 

. iwlJJ T/, jl»JI .ji*j)l ojLjJI j*-oj jiiy olx*^ <) LIR jljiil 1 

|io3 ji / j »j;u53l L . iLLil ( J.j.j) i*jljJliyU LbfJL/Sl jiSjiljJI oitlJ LIS t jLjJl cwUJI jlj US 2 

1^5 o^HH J*>J R 

AjLxj Jd« j# AjjSiJI iiljsdl 

jh I I^Lu J*»u ijUa JlL jj <jjl>jll olljjl 

<iU»JI = -U l 
2 

. J^> (E) i5U*JI gjj £i\i>y L ylS lj|j 

iillS 

^ B JLx» Jp 6J-*j j* <ilWl 

U1UI __^2_ V 

: irt> 

ijjJI g-ii ^ JyuJ yi *ii llo jii Km UjljL olj “wU Jljill ^ Ijj 1 

, SjUI »jjk J* Jjlxjl UbJI JL Jfi 
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( aaJI) jjJuJI JJH 


AjSj>JI iil,j, j 

J.J. j u|j JLxJI jJUj <Jji 3 jU l iiy* * V ifij+t) B Jaiut Lj -J»'uw JIa 4 lfc> <ikxj Jy> l *jy> J-op dj*i lj| 

' jit 

cmf = Bvl 


: 'L\> 

JS*)|I jit l J^b jit flail I j~ukJil JlaJl jiw jl Jj'Jl 1 
. I w jjjjbuli B i v Ju£j* ^l<ka>ju«l j* jj^li JjLlt Jjl*j ji B l I; v fl lj| 2 

jjJll jLuJl oIjJjj 

<Jl3 t JyC—..u B i-uu JL*j jj i N 4Jl*l JOPj A ulsiu JLa JL l*i« 

; li^ll IftUL j/jJi jic ll »l <,i !if> jJj; 

V (0 =Vo sin 2 7$ 

. (tfz) jljjoll uypf j Vo- 2 nfNAB 


: 

. Jill jljjjJ Ilf OjliL jj ji a>Ij jjt oli ijy J^L> Ijl* Vu JJ +y« <JJl (> Jjil j* j-jUll J+*Jl JJ/i 1 

^1 


Jill jit Sjjjij J.j. j jiii UjulCj jxjjl* i_JS J^> ( 5 jU ) jjlli JUj jitaLf Jt j JtxJl j 
: JpJI <JjIju jLuCj oyuJI Jill ji vitAU J.j.J jli i jiU»V 
Lylili J.j.j jy 

i<5lji/Sl J.j.j W p 

, jiljj/lll Jill j oUill jjl£ y N P i j jjUJI Jill ji oliiH jjp Ni 


jJL* 

20-2 j 20-1 jUJJI 

a_>«l , 0.2 T 4 *' * j iililliu JJkj «—j jjkjUli Ojli liwLSy 20 cm UJj Juo) il« J I ijjiL** 5 j^p cimj 1 

. Sjjil O-Lu ifol> j*Jj11a 1I Jill 

jLSj . 25 mT cji j-Jiw Jla^ ji 240 cm 2 lfl »L n t Jiill *liu-M} oJ-u jjiil Jjyi ^ cJs oa->j 2 
d ^IS IjJ o>Lll Jl> JJJI JL^-jI . JbfJl Jj_)k> jM 6 iylj lulill it J- jb plU 1 

• 30° (y) ; 0 : (i) 

sjjjJl i>L «4 jit plill j^aJI jl5j . 30 mT Ojui j-Jlii* JJ* ji 1800 cm 2 l^i>Lu o<L< Jjj c*Jj 3 
, 30° (uj) . 90° (<_i) i 0 C (I) 0 £ulS IjJ 1>L1I <H> jmJjIIaII Jyill a>ji . JlaJli^* ^ 0 Ojlj ^ 
JjJ ( i) 25 cm 2 lfi>La Jk.^< uuy t }J jt 5 x 10" 5 T Oxlj Ji 4 

5j JI iSjLu jIp plill jjaaJI m 30° Ujlob i^jlj Jl>Jl ( vuai IijJ (y) i 5^1 i>Lj ^ IjjIa*# Jl>JI 

, Jfi pUUl jM 90" Ujljii Srfjlj £laj tit (->) j 










( AaJI) J*adl 


. 0.6 T <jju 1 > ph“m ^-oLLuL. J Jj J At\m ji xy jjlJI j 6 cm x 5 cm L^i>Lu . <xk»*t ijjp y X nj 5 
. 5j_yOI O-La J^> yijjl jL>ji . Z ji>4 Kt 40 u UjljJu Ojlj Axi | y»uklJwll J JJl kjk> ojISj 

. jj-Xtfi Jjj J*> Ojjjl J i R *jxt fJui* JjIIaj J Jj jj R UjLi J ni jJUl ()>■ OjjjjLtj Ujy CtA-iij 6 ■ 
yljjjJl J3_>« LjuP) ; /’ j* jljjjl Jjjj (jlS I3| ; >j)l ^ <JIj 5 BjyJl 4>La J}L> (J —osuiJ' Jxjl 

. JJJJ bjl^j (k-j) J ^-uLLiall J JJl £J lijLxi ( I ) 

a_jj-c J l»ll 5_/d Jl UJl J>b oik jii 4 A -uab Ijlu t 60 cm Jjkj «J 600 V AW JL Jw 7 ■ 
5jd_aII i^ljjl ojlS Ijj SjjaJI JlkJb ji)' yiuill jljii L . A I f L i u i>L* dUl j* 

’O’H-)) 60"(v)) 90'<1)^1 
^Jaill o-L*»j An jjt 20-4 |» JJJJI jj ^-*1^1 J-LD jJaill i>L« 8 ■ 
'<lLkk4 <Jji i># jyjl J-Ul jLj j»j La . At ^ 1 [ij JJJJ 
jj jL: Jit* jJ) ^jl> inyj Cxi>y JUKI J> J 20 mT Cxi L~uklLL 
{y) J JJH ( I ) lH A0 J£ Jy>» ( yt,j k li«ll ykJl y-txl . 1 fij Jill 

. 1 |ij kjdll 

20-4 ^ Ji* 

20-4 j 20-3 jU-SJI 

i jle 9.6 mT Jl 6 j* 40 cm^ y^i-dl <ukJb i>L*» » 5 jl»L iiJ jj «JdL* ^-*^*11*11 JJJI ajui jj>z 9 

-_tiil 4j>jLtil J. J . j iouo4JLt JCVjl . 0.5 s 

jjjtJI <lxLil J j j i>jl . 6 Wb/s jbil If 5_j_^ JM> jlli jiuill jmjj 10 
jLxJl jl5 sixftj 0.4 T 4_ijui ji*j Li. ^j^ulaljuu JLx* jj 50 cm olil <j ^jj-u i_ii> £*>) 11 
IL^yll ii>1 .Jl Jjj 0.2 S jt_ik JLvJl yj JiJI yX. pi . JU]i Jy~m Kt Ij^Uw j-ffclliil 

. ijiiJl »j* J*i> 

jUill jjji ^ . jd> j^IiImI JLJI > itiill JjLu ji Ix L jj 4.0 cm 4 aJL0 J»L) id 20 o vj j <JiL 12 

J j j^tl (!) 4.0 s 0.5 T JJ Juj !> ^jfljlUli Jl>JI ^UJjl < 1 u>j tk^ y-ikllill 

»L*Jl jj JlUI jj J.j.j jySj Jfi Jl-xill kJLill al>JL zjjoj IjJ (t_i) . jLJl aJZ *l«i tjill j 

9 . <*UI k_>jU* obfOl <pUl yjU* iSj> 

JLLI I ±Jj .0,2 s ji 90^ jljjdl Aw 0.0 cm J_jk« 1U 200 o gj* JL 13 
jjc y k - j lll k- u Xi 90 5 Jjl> (jJil jlj Laic* . I^Lo J'iJ yduiJI ylS J>J ^mJ>La 4 Jl^%* 

v ^uLLuUI JJJI axi J* L . 0.4 mV ikcull J.j. j Jill k^yll jf>Jl jli i o±> 

Jj_> |J . ykj5U JJJJ Ljl^t Aw 20 cm »jLij a^ai-u U 400 <j A. JL >-ij 14 

JjlJL okl^i cJAL-l Ijli . 0.2 h 'ijli ji jipi JJJI ^ Aku jL» Aw J^* 

9 ykj^U JJJl jlJL ** Li . Jill ^ 1.44 mV 4 

Jyjj ojj^ ^jk J_^y j_ijk J-f ykjSU okliill JLxJI y-JL iAJI ujjJJI ^^>1 jj t-Jlk JjJ* 15 
. 4 m/s LjlJL yjjMJ jly a JjI ji ij^Jl d_**u . j-Ll> z .uiJ J ^iyLw 0.8 cm lf*L» Jjkj Jiil w k ~>< 

^ul tJUl yi >>1 (-) ? yuJ^Ul 6*1 ji ^ ^ 5 X 10' fi T y ykjSl J JJ ix-ijJl Jl Atf li| (i) 

? 6j^Jl ji ilxiJl d.J. J jljii 1 1‘0 s ^ Ijm Jill 
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( W*>JI ) jjjAiJI 


x jj 100 cm 2 20-5 ^ JSLiJl iijil JUl ijjt 1>L*» ,«lu 16 • 

j-» icy jjjaJU \_JUaJI «lLuu Ujj>» . 0.80 mT <Jxi ^-uLL iu J Jj 
lk> g*xij jx> oxi* ^jliJl J Ujbj n j m jjdaiJJl 

'* <JLiaJI :1a till ■ till ji ilVi ill J j, j iauj^Ij «Jt L . 0.12 8 j) I»ua~ ji 

o^jl Ijj 20-5 ^ JSuUI ji lyil ji 04 fiV UjIjJu d.j.j iL»iJ 17 • 

x ojLs'. 0.18 >i ^ _8 90° L»,IaL* Ly\j n j m jilLli’ilL j*j J^> i'_»j 

l» (y) ? ^-ybUill J JJI jIjJL* jj» Li (I) . 40 cm 2 ijjdl *>Lu 
V 4 J 4 UI iyill (_yiJ ^ 180° JUl jjjjl Ijj d.j.jJa-yu 

j! y_>y yJI <JiijJI ijiill jA l> 0.3 T <JjL ^uLLu JLki <I>Ijj f-lu 12 cm »jbij <d 400 o JL IS ■ 
. 6 kV LitJl iyill ajjt Jjli LLaoJl J.j, J Ja^yu jljJu jLS Ij] JLaJI JJ cjl dja jj Ifcj Jill Jib JUJl jtii) 
Ojlj Jill ijtl di ^_Lc ^UlLI jj*Jl hIm i * ij >» j iijlnl iwi JLxi Ji dUl jj lil 60 <j -U ■■ jjib JL ,«J>( 19 ■ 

0—»j ij* 0.7 ®T JI 0.2 (> JL>Jl jljii J^j LjuPj . Jlxdl ijlai jW 40° Ujljii 

? Jill Ha IaLb J JLd ^Kil jyjl _ja Li. Jill LoJLJ 90 mV Ljljiu d.j. j jji 0.5 » yi 




JUfJl ^jL> j] 20-6 f J-lJJl jJ LmUI iaSUl Sjj-Jl ou4 20 1 
jj 2.0 mT *Jxij I i hv »i JlxJI jLi IjJ . IlLI L^_u 
jJ Uj-ull J. J. j Li (!) ; JJi lip IJ jJJj . 1*11 uklll 
. lf*l*il yk Li (y) j SjjJl 


ti. ij Djjiifill olid I j£ ^Jltii jli .VI. j I j'y>l <J>U L \ju£ 21 ■ 
Jlxt rjlij Jib r>j!^ JLj yjjjlt yJJ JjIj J^yS; - ^1». Jl 
J.J.j ji >iyl . 20-7 ^ JSLill jiU v» L R Laiu ^ . J l i it 
Jj-b lf^ dj^jJI <Pj~JI U'ilja Ljc jSLi^ Jill J flxLil 
, emf = NBbv : v yHiill yjili 

. j-Jyil Jill jy «J 120 o jyi3 JU J y jiij . 0.8 T It jfiJ Jli Jib ^ ^jJl Jl>Jl i-yu ij ^Ld 22 ■ 
jiiiil Ij] jyLdl — ilI d. J. j jlJuU y* Li , 0.6 cm 2 jdyJl Jiill yijw l .ill ^Lill JLu Cud Ijll 

¥ 0.020 s J JJI J] ijjSill W> .> JUl >b JLJI 
^ j| LaJJj . pLi>^ JLH i id 240 *j JL» Jib ^iy yj* Jij< 23 > 

Jail I LLt oils' Ijli . Jill jJ 0.40 V Ujbii <kuyu d. j. j jli 0.36 h j J JUL Jiji 
B ^ .liLL'iill JL>JI jIjL y-ji 4 3.0 cm 2 jJ»LDuU JjaLJH 
jj I Jjfj£ JjJ»l ^-jyil Jill , u y> ^yjyi Jill jla3 J-aij b y> 1 Jill jti J-oi jlS 20-4 ^ Jiill J 24 ■ 
Jill jj ^jlaliill JbkJI jLS Ij] 1 fjj JUl ^ ii>l«ll d.j.j jljii Li . { i ) Jiill ji p_J-iji j ^1)11 


Jf JfcbJl) 


XXX to,VI CL. 


20-7 f Jii 
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( ‘L»J1 ) JJN 


4 j*t ,^_« jilt Uj£ n ^jyjl JUL Liu t Ul AT o Jill li* jL UL t 0.040 T/s ojijuu jjjuj J& jjJjUl 
J| 4 200 = Km j» cijudJI bill jj,!J> J->ji Ijj JUl j* <S» T uJl J.j, j j-* L (wj) 

? bli d^J ^jUI JUI J>Ij 

4 *ij ^ jj. j£l UJ 10« ^JJJI JUL ■ 1.5 A/s ijtiu Jja* ^ly> y& jj ^ JL ^ jUl jUl *1# 25 • 
JUll oUU jjj ol 10' 1 UjlJu j^iL JL ol«l o i> J >i pj., 2.0 cm 2 ,j* U JUl <>Lu cbli l u+> 

f . jjjliJl JUl ^ <i>0Ldl J. j, j jljuL L . 

Vil ji^yCLu! *J1I b-Luj . JKJI dJj jl* oi> Jl Lu>j JSbk jiL JU JUl ^ pjii-l 26 ■ 

B = 0.40 T ojljuL J —JsUuL JL** jSIjL^I 4_ilil j 1.8 A d3jL jh LjJj . 5.0 cm* chilli 
j jL*l]< oiiibl lj[ jjiUJI <l>0uul J.j.J jIjuu y> L (1) . iAl 120 j* oy*i v5y^' *-iLl • 'r 1 ^ 1 
V j^tUU SJjLilt iJLkJl j/> L (y) ? 0.050 b tjlji* ji ji-oJI Jj <ui.'i oi» ^lbi»L jilJ^I 

20—5 ^..>ill 

¥ jjyjl will) U j* oliUi jjp L 0.2 mH 4 2,0cm »Jaij 25 cm yJUl J>\p jjy JL UU* o«L 27 
Jill 4 J 0 L-JI J.j.jla—L . 0.4 b y 2.0 A Jj 0.4A<>4mH *2 Lsm ^Jy JL jbUl ^3^ 28 

? b*y\ lift iliii 

jjlJL jLj <i_< jaj Lip 8 mH 43ilx»j <U 400 IaA^I JUI oliJ <> ii! JS J^> jJLLUl L >o i iJI jIjL %» L 29 

? 12 mA 

x>ji (l_») ? jJyil Jill <ibu L (I) 25 cm <J>b) 2.0 cm sji3 JLi* iJU 500 o JL I^jJ 30 
. 72 mV Ujiji* J.j. j Jj jj jj JUl ji jUl jLiIl </ jjJI JjaII 

LkvIJi ji jJji JU Jaiil JLu ^-uULuUI juJII jJJ J>jl 4 30 jij ULUl Jj 31 

, 72 mV J.j.J l^J ^L; 

? 0,020 V j* JUl ^ J.j.j Ujufi 40 mH bJjL Ulx. JL Jj^y L 32 

20-6 fJJI 

^ll_jUI T =LIR y>i\ ji*_)ll Ojliil oljL>j ji 4iuJl 33 
? jjSljdl jijJl culill 4* L . <i>b <Ljl)L olj* 24 V LfJyl ijjllaju 16 O 40 mH 4 j£!>j JL 34 
Ifj ir J 5 lll jLulIj 500 [ix ijjljll ^jJI ojIIJI JLj ^UL p JljjJl jlc 6 V l*3y i^llw dsj 35 

V iiUJi <J j» L . 360 mA 

J**il jLjJI (i) ajm'i . r LL Jiij ilijj 10 Q 15 mH ^JLx* JL ^ oL^i 60 V ojU* Jjt 36 
Jjum) ^l+ill J LiJl {_>) t 2000 A/s y> jLsJl jiiu Jjju LjJ jLill jIjIL (•—») . jLil 1 j/il Jj«1I_) < 

jiii 

jl^JI jj xvji . t = 0 ilwill jJ ^U*il JJ5 Jj . 9 V LjlLj 10Q ^UL p JljiJI Jfi 30mH 1 jLk» JL J-»j 37 
^^Jl 4 i^UJI jjLu jjj» j«j (->) j ji*}fl 4^1111 JJ jjL^ o»j j^ (v )) t = 0 LJ (i) pjliil 
) ^1 o#UI 4iJi j Sr , Juw (w) 3 t = 0 JjJ (I) 37 fij ilLUl j -4ibJI JL Jj* j^iJI jj Jfjl 38 

J>lj ,/jj o/li j)j* jaj (-*) 
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( Oxll) 


x>y . 12 V Ljjlkf^ 1 kO pjlL *j J'*iM Je 25 cm <I^Lj 4 cm uuaj* <i) 300 o Ulxi yl* 39 ■ 
• ja*»j eh *" 15 *! (V) J J**j J* (i) fjtoN j j^l ^ 

20-7 pill 

V 3 A Lfjj jUl j_ji/ yJl ikxUl die 50 mH o*L>u JL y olbJI jtju l* 40 
Uui jJiw i 2 A ojIjuu jLjj yJ j-u 4 ul 400 4y ^yl^ Jdl ^ykOuLU y iijixil iilfcJl y~*»l 41 

. U JS y 0.4 mWb C-^Ui 

y JLiJl J^Ju L V illxJI ciL JL>u jS </y>l\ oUjJI jIjJL* L# 0.5 A oj'aiu Ijljii Jax- 2 mH Ulxi Ji* 42 

?2fl JUIlijlL cuts q 4iUaJl 

cuLi ijjj (y) V cJUJI j-i Lij^li *50 jIjuu L. (i) 3 A ojIjL IjLu Jj>3 24 mil Ujljuu yO illxt 43 ■ 
t »I^JI y B j-yfcUAll JtxJJ 4k»yll iijill j» Ui Oj+Jl j* 3.0 cm 3 J Ijixi *50 m* 
sjljJu jly y>i Lijjpj . 24 cm 2 J>Ul j* yyil vJJll ^x» 0^ * *» >»< pUaiilf <-51* 44 ■ 

»xxJI y *511*1' jlii» y> U (I) 0.80 T jji JLx»JI jli yyjl uHll ,J> 0.50 A 

• y^lll yJUi! iyljJI <Jlx*Jl y U (_>) Y y^Jl Jill y bjsUI UlUl JbU U <y) ? j-^llili Jl>J< 
UjJu; 5jL*jJi JL y Ijuisli *50 jli 'L U . 12 V -U.IL y JljiJI Je 20 mH *Jlx* JiUj 10 Q 45 ■ 
**t o*->Lj cn 3#L5 W j ( ^Uiil Ji» y*j ^ j*i (V) ‘ tJ> J! j 1 ^ 1 J-* (I) 

?^W1IJ15 

20-8 ^i)l 

U . 3.0 x 10" 5 T lyii (jij)U JL> 4*11 <^jll <il»M ji 25 m/s UjbiU *£jy IjLy 46 

f 2.0 m L^l» J5 J^l»j^sll ^ i *i>i <H if^ll jj jIjx* y 

. 5.0 nT ybjiLl j—tjjiUill J1_ > > 4 . 11 <u_«UI yi^il ij ^Lu fcijj 30 m/s UjIjL 47 

. 1.2 m <Jjlj ^4 Jjllj ilxJJ jJj Jl y -iJ.J.j i+y 

iybS'l 4^5^!' «_5 c«Li jll* ^JU 15 m j* y/- 4 ^' ^ ■ 1>I 3 j" ^ (y- 1 " v 1 ^^ i - | 4 ( l , 

* 3yU ^jSlj r ' L "J Jj yu-aill yjl> j# HxLul J.J. j jloi* U . 5.0 X 10 ®T yijSU 

*Sy y 250 m/s UjIjI* yyll sLxi'j 'yiii 30 m yy» iiLJI ^ Xudiu sjjOj jl>J 49 
4 ? ^A>U 4 >Jl yy J+xll jy y Li (I) . 0.8 x 10 4 T ^j’50 j^UAll Jl^*li y*«Jl i^ljJl if^l *j 
v jtjSj li£u ^|S |jjj ? i^JI |jj» ^Ljj 4 > (-*) ‘ V fi k o& Ch»M' yy J (v) 

. jlyiii)l yu 6y& yll oljUaiJ! j^Lai jj ilxL-Jl J.J.j plixl-ili o'jLLsS <Jum jJi jS 1 

J.j. j jIjuu y Ui s 1.5 m ^Lail' ^ liLl!* 0.6 G JjW Jlx«i) Ji*' J] iyijJ' *f^y' * 3 ! (^) 

V -ui; jLUll y* A^yJl Ij_» ihUL»i J*i > (y) V 40 m/s U^Ui Itj* jlii )} y die j* wlyl 1 
. (y) j (y) Je Jj^! ^yi Y jUiZO Jjwuil J>ll die Uiiyi dljlUil <Lxi y 4JDU5-I Jh >J (■>) 
cxyiiJl . 6.0 X 10‘ 3 T OAi ^..-iklUi JUm dJ>y sly> J> ,j 1 m 4jy yo«4 4-yii jLsi 51 ■ 

J.j. j U . 1.6 m/s UjljL leyuj iyLUl 'ybw yuyiJ' 6 ^* £ 

Y yjJiJl y> ji* ilxwll 
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(dt»Ji) 


• = 5 cm ^aj jlSj (/ = 3 m/s j 20-6 ^ JiiJl j SjjSoil ij^i oi>J jill <PjJI ji j*yi\ 52 ■ 
J* d.J.j J^ji ( i ) , >T t$f j jLjj CmxLuII fru B = 10 G J j-utliiil JUJJ iLbUIl 
5jJL)l jljJu L (_*) Y 4^ull 4 h >.lll x>£ LfJ jUl jUill yt Us R = 812 j 5jyJI ojlL ollS Ijj (a j ) . ij^l 

Y IlIj lp£j> Jki J> \+> 5jyJI yi> 

20-10 j 20-9 jU-ill 

Lix* j— iJjUAj JL^si j-») ji «J 120 jjjb 5.0 cm 2 l^i* JS i>L« 300 jj jyL» JL ^ 53 

. V ■ Vo sin col ij^Jl jie ■_ till j jipJl jiSl , 0.040 T 

M* jbl J JJ y )* ^ • ^=40 cos (1000 f) 6jlji» ljf> Jl*j j j)± jjLu ^iL 54 

Y li» j* 

d.j. j IjLt , ^-uJjLum JIa* j 45 rev/s ojIjA* jj ji^ 100 cm 2 4i>Luj liJ 150 <u JUL jjj« 55 

Y (j-utliill »j- jljJu j Ui . 5.0 V j <_Ull j 

- i-ulHI j oliUl jjuw ijjiU i*jJ\ j U 40 mT Djldu JL>* j 400 cm 2 4i>Luj ID 300 o jJ^« JtU jjjj 56 
Y 2.0 V Ojljiu jaii ifj* J^jyj udll jjj^ jl wj \Jh ^1 
L^jll ojlS £»y j 2400 rcv/ni } ^ Lil 100 20 cm 4*Li JjL Jiilt gj» JlU jjj^ 67 

“r"-' J, j. j ^1 juyjl . 2 G 4^j ^jSU JL^iii LiiVl 

j-utllA* JLx< 120 rev/s <p>-u L J^l 20 cm x 10 cm wUij ii) 500 JU jyL>Jl J^kull udll 58 ■ 
L«ili!l a^JLH ai^J A.. jk* .l. l l 4 _«j2JI L« (v) i Y Jii]! jj il>o-a J j.j ^j-oii jk L (1) . 0.8T o^ljul* 

1 6-»jU W jA-ol {-*) • ^ G* t s 0 jic lju oji! J.j. j ji liyu^l Ijj Y t = (*/30) s j^ Jill 4*^1 

Y L#j 4*J JJ il.J. j Jrfui Ujj* 

j-* 4.0 A sjIjJu IjL: *jji <1 ijyill jic Jjjy Ujo#j . 5 ft L Jj>j ^ oLL< lijlL ^L: 59 

bj jJ ^jJl jj* L (i_i) Y ojLaII J,j,j jIja# U ( I) . 120 V sjLf> jjjl jJuaII 

Y oljjjJl 0* Jiiy 

jli <J J_»aj LijIc. . 240 V »jlji* jl^»1) jXa* ^IjaX^U 20 il <*U <UjUu 60 

J-w L*jit (v) * JjS' J^xiJI jlji bjup (1) cilll ^ jUl jl^l j^ji, 105 V ^ BjLill J.j. j 

^ j-»' J! 

riWldlJ ^mUIIAaJ . 6 A ILUtl llLlI ji J ji jUl jl^ll lij 61 
. 4 J 46^—. J—aji Ju£ jtOJ bja> 4 A 0_^ Jjll jtj^ UjuP 12 A li Jj>j oUL jQI jLlJI 62 • 

. (Jill *4jli» Ijij ciii' ji SjUJI J.j. j Jjkjl . 120 V 9j)j)u Jif>o dj>Jl Ijj* 

j_>( <—»jlio ojLS jlJ» J_j.»...j."JI <ju J_y JJ J_^j ^_1> 4iLiJ ^>u JJ ^ll>J 63 i 

l y—“j) ;IjJU U (i) . jU«ll y 120 V jxa* i> 10 A «j<jJu Ijl^ 1.2 G olS jk >JI 

*JLf j_1p 20 A j_» m /> ■*) jl 4J jIjj j_l» pJ Ijl dj^Jl a* JlyJl ^ IfJLey yjkl^l ( «jJl Ltjlit 

J-MJ Ltjit dj>Jl Ij+J 4^11 d.J. j Ji L» (o) ( dJj Jjy itjlill oi» Jfji jl jAtddl j«j ) Y J^AJaJI 

Y ojImII oUjJI Juf 
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( J>JI) jjjijJI JJJI 


20-11 ^i)l 

N/i INi oUJJI j^( L-LJI L (I) 6 V J[ 120 V ji jjjill xpJi Jy>y yj\j jlf» ji jj** J^i 64 

iy*i O' Jf* VdJ^ jykJI Ju£ Jyxll y U , L-& tkiJI JjxJI li» (y) f JyJI UyJ b~JL 

?\r* Jf 

jju —*JI j-j> U (I) . 16,600 V JJ120 V ji jjjil! jy>JI Jj>j j£J j^yJI oL^j a>I J^xi J«u_u 65 
4 _» Lki ( liyUJl JilL A Lr >i 120 V ji ) Aytfc A-AjJdj Jj*jl Jyj Ijl (y) V Jj>jD Np INt oUUl JJ* 

? jilt liill Ay*ll 

Lii 15.000 ^jljjuUl JI1L jLSj , 2400 V Jj 36.000 V j< jjyill jy*Jl yiAisj gjy AJa>i J) J y*t j»yb 66 
JLLil jj jUlJi y* Li . 500 A jjt j^LUl Jill jJ jLJl jlf Ijl (y) f jylDl Jill oliJ jj* y L (i) 

• j* •“* ^ 

y -* > l 90 V jiljL'ill >1 1 jyiu Liai£ 15,0 A y (Sjjill jii ^y 'll) JlL J^xi ^ { ^ljuw'lll jLill 67 
. 0.9 A y aL yj x .»lI jlflll j^L UjJ jyiUl ye iy>Jl 
L> ji 4.0 A jjlji* IjLy y iil 720 jjljJ/il 4iU Jjjh* ifill ftjyJj . 360 A ojIjL IjlfJ SjT 66 
Jj j.J—e jjJpI ? lijllill ye gjlkJI jy*!l y L (y) ? ^UJl JAlJl jo* L ( i) . 240V jy jyll 

• J *J"J* y 

120 V jjyy 6jii L_>u ^ bs/lll U* J -oyj k *i) 60 ^ ^ylillj iil 200 ^ U J^»J ^bi/lll Jill t£y*j 69 ■ 
Ji j y>) pjLC jjtl. <I^JI Ojli* jl>jI , 3»Lij 4l*uy J 0.25 A y ji jW' 0^1 

■ j ‘j^ 1 j 

4jly[ JiLtf 

oLil 5<fj>TjJLJIpj5j.4A sjIjL IjL 3 2.0 cm jjLi JJj 25 cm ID 500 aj JL 70 ■ 
J)L> j—J»Ull jajDI ^ jJsJI jjkjl (I). JUJ jjJl jjaUI <J yl$ kij^jyil Jill J^> ^IS>U 
1.2 s Djji jij ji 10 A JJ jjyil Jill ji jluJl ii'yi Uilfi Jill ^ aL^iII <1*wLJI J, j. j jSu (y) j JUl 
4 A Jill iht> jlyJI ’yO jfit ^jJI ck>JJl ^j U1 400 Aj JL 20 mV LjIjL J j J >*>>1.j* 71 ■ 

. jlljuu'lll Jill ol«J jt ii) J5 ^mLImII L wXjUl yuM>l . 12 A/s £}jj Jjjuj 

jLu yju Lijif j 4.0 cm 2 ji yLjj I <uLL JLu^ 111 2400 yxtj yls ji Jj^L JL 72 ■■ 
VL~k>l (1) . D = 0.60 T ^ jyiyil Jill J>b ^Ull JM 6ji ^yjl Jill 4.0 A djIoL 

3-jJall Li (y) . 0.2 K Djji jjj ji jLjl Jl jluJl jiJLLJl Ijl ^J^lll Jill ALuyil llxi_al J.j.j 

t Jfljl 11 JUl <lljJI 

. Lh - Li + Li o^Ulu ^ysjo Lt JwaJJ iijllll HlxJI ji oju| . JlyJI L* L 2 «Li ^tulx« J^ui 73 n 
y jUill yJ6 Jjjmj i jUll i> j* ^u lxiJ l J.j.j ty*** )* *11>JI jlL ye ^KJl ipJl jy : ^j-uj 

UlxJI ^jiL ji JS ji <J1 

n_uli ll L = 1/ Li + 1/ L? li'JUlf jUf iijlyll jL jfLull L?. j Li i3l>JI ^yiU lijlSill UUJl jl cy] 74 ■ 

. jjL v ull jjiflll ^w>j jLill jjjif jlj jjjyjLJi jLyj^lll jJjljJl jbyll jj5b jl ±Jyijy$ jyli ylko 
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( uW 11 

Ulu Jjjyll JiJ >*; 20-8 f J-iill ji 4j in»ll jiljfJl V^ 1 Jj>i 75 " 
Lijup *1*1-11 J.j, j (I) B ■ 2.5 T y JW* ^y* 

L*i . R = 25 £1 ojjaJI OjU* oit5 lili (v) • ^ = 20 m/s *j»y* jyli 
±* r l <pUI yjlSft al*il ji jl*JI jh J» (-*) J j* j^l 
y-waiJl ^ k jj_» kILI ^jjpi :L>Jl j-i S/jil DjJll j\SL L ( J ) ? 

Jl iyiJI sij» jj» (-A ) V ir -*LliAll JL^JI j y*j j}j^ W 
? ^i-uatJl ji £lj-/ll ^1 *U»/}ll 

, ., Aiii u>jj\ j^ji 20-8 ( JSLall J <*^11 U*UI i)L*U LJL 76 u 

Ltjlitj m = 36 g i-M-ail! *1£ ilxi jj>il1 Ji-fl Jl jlii>l jj^f jJ_Ui 

. 25 H ^ LjlL Lai t /-a »j^l 

jljju jLS Ijji . 15 g li^ 4.0 cm l**La i 20 fl Ujlji* iajlL 20 2 r JOli j iluil iu^ll i^yJJ 77 ■■ 
iikill xJuc jjj-nU <^1^11 ifj-Jl J*/li t Jj h* jLjj 6^' j* 2.4 T ^ J^* 51 

. ^Lflll \& r Jl oL»j J 6^3 6*11 £ijll £5 oj/ll jl jfrl • jifti 11 0* 

Ojj kii 30 A y» jlu J*> JJI lli pfcO-y 52 x ,0 * 3 ^ ( 10 f»j ) u- 1 ^ 1 i> ^ ^ ft 3 78 " 
Ijjj J_-ayl .ill—Jl 6-* £«JI li» fljiJLal J* *"L^£JI tSjiil gjy olS^A Ji>l ^yj j‘^J j> 
LjJii. jjup aii; j_iJlj ik»Ji ILjll Sjj*JI vJ j* L . Jy *lx > 50 km ja^ ilj* J! 86 MW 
Ijjlyj ^ H 30 A y } v rW J*JI jl ji& . 12,000 V (v) j 240 V (i) y Jyill ±&i\ fitf li! JBJI 
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j-i> iLLJl 4 jjJ*II j 5 ImUXaI yuiwl jx! 

Lf_j ol i>miH jj_u j—>ll ji » oljluJl 

j^iaJl J-aiJI ^ Uutfjj Ujl Jbf . . »bfO"il !jJu jS plj 
JuJ t 4_JLc Jva>Jl tfLu b JJjlil Culoill Ij J*L<U jl 
jjjlJl j^>JI jjwx* JjUj . JL>j ^3 i_JlU ijbJ 

culj LftjAj . . ajj jjl ^IjLuJl - '■'■• jill lift 
si* d^L J-osJ 1 lia ji jjj OjJ 

, oliUwij oU15i«j oLjliu JM> Jj-J L«JuC oljlull 



vjiuj 21-1 

J}L> jUl jL_uJl > *_i»5 i_jyu ji ^pjidu J.'jiil j'olll jiljJ JjJL t+i jj 

^_isj J>\j JLi* ^ ol J. J.j jXa» jj S^i-il oljjiii) jjiljJl j-plif 

jj_»i SjLjuwj . plill JiL> I -VtR jLu jij pjli* jffi V j*dw ij# 
. Lk>J fj\ ijjilil jU*i>j U ^jli» ji jlJJl • u!* 

HO’™ (^ f) li.) (21-11 

Jjbu L*Ji> y-*jJl ^4 l(_j jLull j-»ju JLjUl ^LJl J^iJl ji li-jj jii 
&a'}\ ^ dUs ,)! lij*j J3j . 4JI>* JLf>Jl jO-M ]*y jjJl ^liill 
J £yj diljj UUIj . j^ili tftJJUKJ jdl Lulfill twill JJ jUl J-OJ ^1 JJ ju 
«jj’Jsu » Jkkw ji^ll y> jLmJI jli i pb ji* j* jk jjjl ■4^* &[ 
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( jj jjII jLuJI jitjJ) 


yj yA ^Jljll lj*j . iL*J JS J l~- o£t J Cji U jfi ui* *4^ k i f^ 1 
. Lib r Ui y jjSl 



J» OfcUil *SjL Cfl> y UJj 'il jiJI ijiU* x** j* 

U JuSU J-**i J ^! • jM* £«--* ^ ^ 

i_jjl>w*n sjJUi j*S oLxill u-» jiij - J>y Jb <> fj^ 

ljluIi Lu-Ji SjiiJi jj JyJi o» 0®fii !?P k ^ J* 

jJt oUxS JL>j5 "i Cii; LjIjJI j ryi* £&!* J J*/ 1 * 1 • ( ' ) 21 1 J^ 1 J* 

. sLvj gttll J5UJ Mfi l» ^ J*bj . C >jJl< L*J y.Jt Jill J 81 I 
vjjlit *£j> £* oljkol jj oli»*i JLjJ 0[* j^**l d^l ^ 

1 i^ljjl ^ sJLS^II jJ* oU*S Li JU* & ^ Li Uy . ijiU 1 j>* **UI 
' ~.g ) j^L, r Liill ipW V* 4 Lli 4 ^ >3 oux*j /? ^jlill; •>•**!(-' t ,jl» 
4 oiyI Li .Ji . (v) Ji-JI ji US io - Vo IR jUll> u^ii-' (t - 0 
L*JJl ri* </* ^ ^ J* J 1 ^ 1 ^ 

^Ui jj jUli ji xSi } LjM J ** 1 ^ iC V^ 3 j Jiw 
. q, - CVo LLfiJI ^ JuSlI L>- £*-L Lx* 
^ jUI jUI <WL> (> (V) 2 * _1 J^ 1 £*Xi 

UuJ'j . j-Lf j^» ^ Jill j^WI • »> IJI 

: ^ jy-JI Ij+J LJl^ 1 

i(O = i 0 e-‘ //JC (21-2) 

^1 OaUJI 0-j eA**} <J . » ■ VWR A*> 

t = Tc LWII (Q.F = s 6 1 olL| Sbi 6* & ) ■ T,; 
jbillj t - 2Tc AiP Ui . LilXu'il 4lJ ^ 1 /e = 0.37 JJ 1 «* -3 uj£ ;U*I ( 
Ij5jij ; io l*j yj |l/c" j = 0.l35 J! 

. . jjjlJI ^ jUi SJU* oL>J y i" (jiSil JJi^j 

j^J I^Lu x» JLSSil ^ <ji SUi oi* ‘ J J^ 1 
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( JJjill jLuJI jiljJ ) jjjAaJlj J^aaJI 


. JLSS1I p L^lfiJI Lixill jj> m sIl_*> 4 Vc =qfl€- Vo J i ■UjUsJl 
UxJl L»i (->) 21-1 JS£)L UU aLjUJ j«jjl ui3SJi ^1 p <ixJI jj/fy 
: ^iUl f-jll IlfJ i^yi 

q(t) = q f ( 1 - c^ /T 0 - CV 0 (1 - i«*> (21-3) 

. ( 20-6 iJjUll) iLJLx< JU J jl^JI jilw JjU djLJl I 1 a j! A>X 

jl>JI jiijlI ulyliJl 4 jlaL jill jjjJI j*L RC ;$yuJl jjiijJl CjuUJI v_4*Lj 

Lfy j-.Sl tfu I US lj*S RC jljill jtS US* . <31>UI JL ^ yUlL LIR 
o! • *-£*} j- 1 * 11 i1a JljjJ j-A *jj 4i»JJl JuSJl« i yLaj» J^kl 

j-i J->lj oJjj J_S i'JuJ CiSljill 4 jj Jgjll > iilUli) C OuJJ J*) luill 
jLuJI 4-fcJ ^ jiSl Jjji |tyj OjuSJl J? jl US JuSlI ^>J Jifi Af>JI 

i-i *S il jic oUuSlI 4j *-u j ji jSu Jill Jjud! JX>u j|j 

* £ju~> UilSlI <lllj jji 4 5jwU» JjS« /? Jyj^ Lju* 

jLull jUi Vo i. < Us II j>y tw jUj^I 3/ Ljiicl I j]. ^jliil Jili 
J-S-iJI J 4jUlL! iLjkJU juLv j^yuJl Ji 1>L LjIp J3S1I jj ^ jlll 
< ’ » > jfliLiUj . j-*>—11 jLjJ JjL Lr U JiSil gjj jU ilLuj , (y) 21-1 

J-i S il JJ _► Jy>\j! jl oluj JlS.lj Ji) Jj_i»jju! |Lu jl Jju Luul Lwl Jlii* Ji 

iLoliJl 0*5ljUil Jj LJ) ¥ 4i»Jll Uj jJLuti ^1 iLjWl jJa> j-aiUui jl 

: VU)j q{t) j^ljill^ 
(,(/)= ^ ^ (1) (21-4) 

=&e' im (y) (21-41 

j>lj cull Ol>'.i jUl 4 ■!»> pJj utt£ll jl 11 a J*i) 

21-1 

J~9jj_j , 20,000 V y>j jyfc jji Jl j^jiiUJl 5jf>i ^Js*4 ji JuSi j*4| 
pju *51 jlLij «lj^lS Jiill j>J j* jUj^Jl fjlill JL 
10 H 11 LajIjJu Ujlill jl ^jiil . ytl jJ jUx!l j^ jl iaj JuSJI 

¥ liiT vjlill y-I yu ji JJ jly>Jl *U1bJ Juu cjyi j* jLaj J . C - 10//F jlj 

jA AjIIjJI »lfJ jiijll 4iullll jiiliUA JVjUril 

T c * i?C ■ (10 H 11) (10 5 F) ■ 10 s 

jj-i jjjt jaj U1S1I jULf ji llil jjSjui <jl j0jjJu jii i j j iSoJI j t jjlSj 

^1 ; q = qo e 10 jl (I) 21-4 UjUll r-^y 4 j-U^I cwLUl uJLmI 
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( jj ijjll jLjjJI jiljj ) JjbJI Jjill 


j] jUii.*!; LlxJI jLJ t = 10 T c LL>lll jup llfjj 4.5 x 10 _o c/« 
‘ IW> 5 /4.5 x 10 s 

Ctll 4 juI 


(RMS) oliyjil iji> fj <i JJjill jlull olwi 21-2 

oLipiJI jJ^ij (a.c) jyi »>il |kwU vJjjij u L^ill ijjill £>jy oli j ^iu 

If-uJ xJyll u Xf —>Jl j^L «iu> . jljJI uiill olj oiJJI LkJ^ ol» 

iJjLIL Xf> <)• jSiH kJ)-j . 20-16 J5uUI j! j^Ll JJjill ifaJU 

60 Hz jjLu ) jJ^Ll Jill oljjjJl ay u f ki**> . o- vo sin 2 nft 
IjLy ^JLu Oli »>uL ^_*P Jjj) »!l j_* fjill li# Jjla^ Ljkj . ( SJAlil ob*5yl 
ijjJ USj . i = io sin lift j* iiJjliuj Lu» IjLi y i 21-2 J&ill joLLi 

! j_x j_« j .jLu Luij >iLLJl J*uD' i*ii iVii.il I ID U)li 

oljLu'lj .>jf_*JI jJfi iDliU ) J l 1 JL IjJM 1 i*j> fjioLuu. Dlj otiill 
I j V (ji 5jJ_AJl jjj-aJl '-Jyx> J isi j^Jl jk JjMi ijy) . j*j)l £* 

JJJjill oljLiJlj JvfS-J 1 Chilli L* Jjiw jji 1 oL*5J 


jl 


kr 

/= 0.7074c 


:21—2 Ji*i 

\ / \ / ' 

{_jyi LufU ji» ji ^JUill Will jjSi 


. 7 = i 0 /V2 =O.707i o ^ jgal 



j-j'i jjydl jLJI ji , i j >11 31jL i 0 j»j jip <L_»*li will ji pltiA^J j^lLi j*j 
cJij dJoSj ) <JIJI jli 21-2 JSL4JI i-ljj (> diiw Lis. IjL* jj£i ji 
If ma jLi j^j . LLm j« IjJL jjL oO (fLill i 

: jji (at) jjjjjju jly jl c ^JJj ^3 . I j* jySi ii-yli 

Uav = liv = 0 

oUukuJi ji jl oUjLLJl j>k ^ji Sjjyill oljLuJI Jl«* i ..>l j£*i ^ o^JI Ij^Jj 
j_i jLa jjJj - If)Li ll>^ jLslt ofii Ljup oj*.i i^LLJl ji yi. iLLil 

ULr jlull jyL LLp iijiili 

y-a (ijXJJ- jlii Lfji jJS ^-»lS)l jjJll j>iy jj Jl> iJ'ilL Jfi JJj 
jJLdj . jLi—ll jLulL Uyull )\ JJjiil jLwIL ilyill ‘lyjfill ; i^UJl ii>LJI 
jjjiil jUJl LLfill ji j-aLI jS j . oLSj>JI JfLUj i»L» 5 U JL«iJ 
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( jj jlxJI jjljJ ) JjWI 

UjjAj l*S v o*4-*»)l ikJ* Jil ji jlpl ^ JJ <4^ ft*. ** 
&UI J-iJi ji l*U 

t bu>)\ r*i* j! <ivai j»iyi jiii- ^ tip j! ±* 

<ji Ly , |yUU jj jUI jMI ,> jJ yi J* oln JS»j 

.1 QLi j'-i jUI j! j) j*» /fl Ol* \ ' 2R ^ ^‘W 1 J iSl+Ul 
£* >Ijj-> Jy-i JJj^ 1 jUnJli li» J*j ■ & 1 -* 4*>* dj&* ** C>^ 

. oliukdl eifj lu*uJL; j4*Jil jUiJl 



jUUl ^iljj jj nijMi If-* J-s ^ '*> J W* ^ ^! > 

jjjlil jl^jJl i)W <u-uJIj IjlLtfl ylij4 fuf ) *« 0^ ^ 
ojjJil txJij , R fjllll Jj ijJ Ji^ i = to sin 2itft ijLJ M J 

J* it*! tfl 

ojjJUl = = sin* 2 Jt ft 

: ijjill k-vU J* oli*k»JI J 
jjjill Jawji* - RIq (sin 2 Kft) av 
"d)jJ^ . 0.50 j* sin 2 0 jlji*i! ikyill **ii!( 0* i&y 

j^Aii ^ Uf] aw e j Sin 0 ^ Jfl ^l#)l r J\ ft . aiu J 0 4 cos*0 =1 yi ^ * 
2 (Rin 3 0 )«v = 1 ji (sinW„ 4- (coa J 0) w = 1 jji li*J> ■ ( Rin2tf )' v = (eos ^ ) "* $ 

.(uiu J 0)«O,5O 
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( Wjill jUi)l Jj\yi ) ^yyiui\y JjWI 


ji ID £-ai» P - PR jji-Jl jUjiJI 5jjj fr jtfliJ' jJ*«Db *JjWl »i* 
jJiwj . 0.707 io ji (»Q / V 2 ) y* Lfj iiili* Uiwjli DjJ3 ^ Jill JJjiD jLDl 
gy ^y* ;i> ji ( JL*ill jUsJI ji rms) jl*ill jj> jWil J* 

■ Jj_ Li . V = t» 0 / V 2 = 0.707i>„ ii’jUJL *iy*>y V >;JL .xt*JI 

: V 1 jliill fr J5J (rms) 

'-fi 1 V ’T* 

. fr^\ £. Luj^ 0* Ji*k J J^ 1 l> oLjl - J* V ° ) *<> ‘V- 

jLji SjJb jj pjLill jj OjjJUl jj JmJ< yli p3 fry >. I Uti 21-2 jUI fray 

: jM jj> 

P.li**W ! R 

(r.m.B) ji iwjili ji jU*l' jj£; jm jU .jib y J y*j 

, cLu u 

4 jjU 1 I ^jljj 21-3 


tjJ jj J_i S^ljll y> S J»fi <3^3 i»b JJij JJjill jLill jiljJ i-ljJ A*!**-' 
i—Tjljy Ia^j JJjJil Jf*D jJ«w £• JlyJl jjS^ J jit ; jl^l J 

ijyii j-J*" • (i) 21-3 J^ 1 y 1 ^ 3 ^ J* lP lj 

: jlj v = vu sin 2 nft ji » u - »R dujy ^ ■*** 

t =i = ^sin2# 


j}Luj ^LDl 0*> V &^Jl u-iL jfJl « jljDlj Jf»J l i> Vi" ji ji 
1 l*—Ju t j D V-* 11 jp3 <J»*W IT" J **« ^ ^ 

jL*i» Lii ILjlit 3 j5Ij ji jL^I 0* C)i J5 jit R y 

■ ^ 


:21—3 JiL 

J—i lku b ^jLL. ^ jUll CiA 

. fjLJI g* jjUl 



LtfliJ! ULxll si* . JrfUl ^—a 1< ji L^i Li PR y » jijlSil »jjill J*»j 








( JJ>HI jldl JljJ ) gjjijJlj JjW J*»JI 


Ja && ^iu SjjiJ' m 3 fi iy»jl = VIR jli 6y ^ ^ 

pi—jSl J iljjJ Jj~j. ^LiJI r.m.8 oMji y V j I stu> IV SjjJ! 
, Ju ijlaa JL _)i Jit Jill J L->« ji Ji* ■**>! ^ ^ 

, oUjlil! J AifcMuJI JJ>111 jUjJI jiljJ J $jOill Jii Ji -iaao 

(4jy-J! iklill) j jJI t4xJI 21-4 


IL-jJ o' 3*-. jij . (I) 21-4 J£JI J iJuil 3>lj <jl> o'* yj«»k 



v-V0sin2n/r 


(0 



:2M Jti 


. 4_i>i o* jjj J& J! ^ f^! JjS21-l p—ill j 

UyL3 0-* jLull a«J • -4^11 CjJtH 1 'ji* Ji*i J^' »Mj 

K> 0d-»JJ' ±>i J| ik-i V** 1 V** ■H* ; j^J ij 
juL jjjiil jliili o' - y^)- j' J1 '**-* ^jhi j - ^ 1 J1 

. oi>l ji*ju JlSil jj>W j+V' 

0* j^Jl Jjj ^ 21-4 J-SiJ! J3 Ii* o* oj J*i o^ O' 

; a^kJl jXamj (b) j (al okii)! 
v(f) = vo sin 2 nft 

jIA C oi . q(t)IC jljilL jj>^ .jUt >»j C Af*Ji *-*; p o£j 

Ui jjljx! <3m>J jJ-al' £* j!j «4^ >-1^1' J* <-*>*-51 0[j < ^ 

•jPJ 

q(t) = Cvo sin 2nft 


ifo> j &uw * 6-f>»'e-b-M J*jWiJ*s J/IoiU jJ'Hj 

. ijjj <l/4) j^il' J>-j jlssJLI jk IkJjt ^ Jj*i jl Iw t okr' ^ ^ l * 5lj ^ 

Ag/Ai o' dJ3 jj oj-iljJl jj jUI jl*ill JjLo bq!fit ’&>i j 


. (^) 21 4 JJLA1I jJ t } q ji-> SWI j& jUI J^ o-J 
,>1^ rj ^ J^J jJUJl r j fj jWl» li* J* ->i*t! }* *• J^) 

, Oftjl^jWl 5W 

Ii* <-*y ‘ /-OakijiUSi 

,i = o opy ‘ JJ q J -^ 1 Jl j* 
Jl q J-flJ Li ip <J Vi- 1 V** Jl J-*t! 1 ( i y " 43 ^* )l 

ob <Ji- JJ' Jto • (W) ^ ^ j ^ 1 

jL^I jlakj . ^>-*Jl CiV Jl ikvAll j*M Jji> l^j-4 A $ 

r^i jLJl oS-» J>i V* wi-ol' J 1 fa 

oj; ii^ii jjijJi jkLii ft} oi i"l* J^ , ' li:,, J^ 14 

. (y) 21-4 JiiJt J »l> u P) ‘ < jW 1 










( jj 'jjll jLuJI y\jJ ) jjbJI JjiJI 


u-^Jj • JJjj-I' u+-Z !+J j\j*i i ) q i> VS jl u>1 ^>11 o*) 

, UuT Uiuij Lit j^kjl ji jjiJljii LlJ 4.i > i *J lj jLJl 
poiil “jj J (1/4) gjf la Jill <4*3 JJ J*9* t |jlj £jlj)l jij 

; LJtiJl Ca^il o oj . ' Jl Jl lit Ijj^oi , ( v j ) q J£J ijfeliil 

• h) J £0* <>j*i JJjill jUIl ol> ^ Jb dj*»JI 5 /IjJI ji 

jLi Ij^Jj (con.) ^L*i uu* Ub ^IaI. * (o) 21-4 JSUI j#il ^ixUij 
; y iit) j v(t) jt jj*«Jl 
v(f) = vo sin 2nft j i{t) = io coh 2nfi 

SjJlZJI jJwu . ^pljjJl CM li-ft jj ijJuiJl JJuj '-i- X ju jjl p*L_ 

: tfii ojWi y*di, j&i jj iuiyi 

3jji)i = vi = vo io sin 2/ijft cos 2 ltft 

: jl IjjSjj IjJ J-aJl ijyaj lift jt _*u«iil 
Min 20 = 2nin flaw 

: jli 0 ^ ''lx 2njl jbilL jj*yuJlj 2 ^ <JjU 1I oi» <*-iy 
ijjill= ^ vo io sin 4fl/l 

JJjJ UU«~i UjJjij L^ck jjJuj UtJ&l' Jl iLoiy* okxUl JjjiJI ,)! lift J>*i) 
DljJl j“i dJjj I ju> Js <L?iyi ijji'l Jsuvui j&i pj _>j , JJyll J^f»Jl 
uLaill j_>«i »-s! SjjjJl lj— su J^Lij , o>_j4 U jji; IJLi <uj>JI 

juuui di.iA.it fj_Aj v_ii£ll jli J'uJl bjjJI J-U Li' . Olijjl <1 >'jj jjlftoj 

L j* <*5lfjJI iAjSill bfi) »;i>Jl J! C* 4 b 

. IJL? JUU JuSb iSi t f U ll BjjiJl k-jl* j»L . JJjli jLj jjlb ^3 

JJjLi jbjj OjJIj ^ jLuJI jit uilii w j*Jl JjJS< 

JJ J«-Jlj oLiliuil L-J j pjl j^lii J3 Uj u j i j# iiiU jL»jJ JJ iiij* 

t Ijj* LjlLxu jjj 5)I ylS Ijld, die jjikil jif^JI jjjj £• uSSil JpI£ *iju y li* 
LftlftJ CjAJiu ^ I. n i.1 ui£ll jii ‘ 4pl<JI jj 9J>lj 5 
Cm jjjil Cm* ^ I uB^ll uji jjJl i> jV L* j ^ ‘ h) J 6* 
JiiJI ^j«ii viy>v >4^ Mijjll objjjJI jje U <J^> 

l4(/j C)i j«< 1** £o*^J C>aJI ^sJIa Ctt ‘ijy 1 fk* 

: JyJI y & . ijlUl bbjj 

Lji>Jil objjjJl die ll> 5 jjj$ jUsII iilej Jilll jj 
. dijjll objjlll 
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( JJjjdl jUaJI jiljj ) jj^ioJIj jjbJI J*»ill 


C ji jj , jLilll 4-u3 ±jj>j jj IjjJ ljuJJ C *—ui jl Jjii jl Liy 1 IuSjjji 
jl Xo)l L>«iJl j4 Ijl jl I'O ijljJu ljif> jjSii J» jail L»*i yikii OjjjSII 
jj J »K« j_>J*J L-ij'i jjit- Lu_u I jJuv IjLu jl Li , ouJI j>j 

. JjZJl jSjj IjJj . UUi ijiM L- 

C cwlS IjJ IjiM j C colS Ij] jj^S jLjjl oUj L JuSL ijiM jl 

. »j*S 

*l_LU!I jl) jj«<Jl jjJI 4 Lo*j LxiJ< jl^-> 4iUJ J,* JiSil ojJa* J] jliy 
jLfjJL jLajJJ (hob) p-jib 4 - m SJI »1a . Xc jj^JL L y^ ( 

■ ^jl jwli JJL: 21 4 JSwlIl J) LmuI SjMjJI 


V = IXc 


(21-5) 


J^LSillj J^liill i_»Lk> JLjlwI jli jSLoj . ^«l jjj'i ji R Jaw* Xc lu> 

: ill oW3| 


X 1 
Xc ~2nfC 


( 21-61 


4JI *!lj . ^jSl Xc olj_>j jl (21 5) UjUll j« r-sljJI j< LI iji) 
ia_>^j (F.) jljliJlj (IIz) jjjrt—ll 3i>j uUjli j* Cfclull »i» J! J-oI ji 44 s 
jjJi Ojj—olt C j f i jAt juIaj t Xc ■uA.'L Lit Lou utiJJ jjLil j3*ill J 
, jj —1 Li Li-aj LL>1 

. ^jl jjjlij (21-5) ibUll j jj JUI jjUl illjjl jlS*j <u»ft)ll jij 

jJL j^JLy ^j t of»Jlj jLw)l j« JSI Jaii (rms) L'lL Xc jj*JI jjll «J>w 

, LfJ LwJJi ^Jl 

. UI&ll L+iljJ j* icilixo J& J i j U jj5u Li Jo£ LI jA La y uuJlj 


: 21-1JUU 

Jl Jjuij A-jl* 21-4 JiiJl ji jail Jl^kII jJLlU J-a 1» _^L*i)jj jl jLtl 
20 Hz (1) »_a i**|l Jjjj jis IjJ jUJJ (rms) Li J^ji . C = 0.40^F jtfj 80 V 

. 2 x 10 H IIz (o) j 

U 1 0 SIL« JVjIuI 

Uuli DjiljJJ ^oilf Af>jy (rms) Li ^ (rms) LiiojjJ J<S : Jlj- 

¥ 21-4 JSL 2 JI j 
: Xc jjAJI j;JI ^ VII LJl jl : LLJfl 
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( jj ijill jLJI jiljj) jjbJI J-aiJl 


V Xc l ^uu jjJl l» : 

C UJ 1 * * wij j iji o] 5 jL>)!I 


Xc 


*‘?fe 

; fVL.Xr.'l ,1 y-*i- liAlMjtM 

.—i—_. iiis 

2k/(4.0x10‘ 7 F) f 

* (ft 

Xc = 2.0 x 10 4 * * Q /'*20 Hz jjjiU v-gil* 

Xc - 0.20J2 ; 2x10* Hz 

; Ji LS tyl*i! rms p ^ li» J*) 
/* 20 Hz jjjlU IlmJL 


'= J = 80 V- . 4.0 mA 


*c 2.0 x IO 4 ft 


/-2 MHz jjjSlIyJL 


-MV 
0.2 ii 


■ 400 mA 



. jLJ rnin lu5 jjjSU jjSlJa>%[j 

p Jliil >i» j af>Jlj jWI : jij* 

io - 570 A i io = 5.7 mA t vo = 113 V : ol>VI 

( U*!! ikUll ji) jjypJI JjJi i ijbgJI y IjJ 21-5 


M 


(I) 21-5 J_SuiJI jj o#il <ty»aJI iyljJl iJLxJi Syb JjL~< JJL»o liifuj 
lu Lfji jULl jLuJl jl , 4*^)1 JiLiJ <Ljij 

; ^*)Jl Ji iui> illjS 

ift) = io win 2 aft 

~ ;j ;< vjyu ji ^1 Ajji» . (<_l) 21 5 J5uiJI jj JjUl li<J jiLJl ^llj 

yt jy>JI jl (20-5) ibWl ,> . ift) £• oft) ui» j+*JI jfi 

: i j u j< Jil ljh»l!l ^d)l kuy p >j . LiAilAt) y JtL 

A i 


v(t)*Lf t 

At. 


:21-5 JSA 

jl—*Jl JySl UL j* i**Jl Jjij 

.ijtWjW) 

jit- iflfil >j]l (JUL ^|jJk 1 _<L i(t) ^ixll ^ y'y)l O5U0I li»~^ IjJ oft) ^ ji II* 
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( jj jltl jluil jjljj) jjbJl 



^L-m] j 4jUJ uUw u-aj 
J_kij Utji <*ji« uilij J Aji ji5 
, itU-ilj JttJU 


. ( V ) 21-5 J-llll *3*. *Ul f-JUl ^ Wi li/i jSll *Ui»5UI > 

. ijjj (1/4) jUt A**JI Jji< *JWI sj* j *31 

£j]i JJjlil jLfjJI Jjjy JJjllI Jif^l $ ii* tt'*** ^ J* OjilJl j 

. W (1/4) 

jjtj J ■■»«! ! <i_» i^lj^ ^ IfjJ! Ijjii jili Ju>j)i Li3Lk> , L £» Ufa) 

iibJI JlL J* J#Jall J^*JI UilJ « Jjliu » jUI <^1 

ji o-ii: ^ 21-4 p_JJi jj £-uli Jfati J'iji-'ii jfa pbLU j vku)j 
6ji-N jJ-waII d **{-*) Jl tf*"» • au » J - y ^ 

JJ l+JjlcL ^yJu <JL>Jl JLL jli ; SjjjJ' j* i j> iJLJl Jl« y *3U»1I 
aii J *jjj*il iiUali oi OijLJl J-aiJI J l!# ij . j» fa> ♦> J j^ 1 
ijjJ! *j* oji>j (o) 21-5 J5LUI > wi »j lj| IaJ (^ 2 ) j* 

. ji-ail JJ OIDI ill3 SjUJ fa p£ Jill 4jJ*Jlj 3i l i jjJll J«i Jjj' 
lyLtf jjSi^ Jpj *3lx» Jil* *L-L < KI j * .i l l ijjill ixljX* jli * JJj** j(« 3/L ji 

J.j.j o! • 3 jJ!j jj ; Ullj 6* - J#- US - ‘i***<j 

IL» jlj USL c*J ojlj LlSj 4 L(Ai/Af) j-* jLuJl yi jSHj iLoJ! 

: l«5L*i IjJj 

. iiUJl g jfi Bj)iJ j jtwJl iilfi] J* JJj 

^ bi rijifaj , jLwJl «L»>jl <j jj**, At /M JjI*1I ^LjLj 

: al 

. JJ Jl W ^UL JJjL j'aj jjjlj jj jJJ' *31*! J* '“• ^ 3jjL 

Jj_m Xl (<ui>JI iLlilbjl) jj>JI Jplf ‘»U SiU*)l JU jyll j5^l JLi» 
: 3 jSIjJI J jUI rms Wj (<4*11) M 6* &■ 

V=1Xl (21-7) 

: £>i tA*ij 

J&.-2 nfL (21-8) 

yLSJl (21-7) UjUI ji L»5 i *LLJ! LLbJI Llii'L m fis fafa 
^J, } . pjSi ^ Xr oli>j Opul u* • "°*^ 1 ” JL> J py jy 1 * 1 
. (H) (Hz) jL/i j* W fa*> 

Lfl! L5 . V j / ,> Ji) i-mH pj ^ iyjj Xl jli J^l *J(> J £>*> 

<jLoJUI pJJl ^jl* ^ 
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( jjytl jjljJ ) jjjimJlj JjbJl JrfuJI 


, Jjydl jilyj j^Im) oljiilill y'i L fl . v l» (21-1) J*.l> y .yj 
. jjjill jUiJI Ji\jj y C , R , L j* JjS ol | jjub : 21-1 Jjjl^JI 
bbJlOU J 5 SII rj Ull 

JjjJ gji i ijjL U ijjj gji I) j yu i jjjaJl y <iLu i j ti -jxi jjlaJI oli^U 

V=IXl V^IXc V*IR ZjV^oWI 

P»0 ^ = 0 /> = M? 


:21-2JU* 

j+-> jLSj • 15 null (I) 215 J-SuiJl aJI>n±I! ^_iL jl 

jlll jLJl i>ji . 60 Hz ijjjj) 40 V yjk jjyul jljjJI yrfUi jlf> <jjjj L*S 

. 6.0 X 10 S Hz JJjjJf j^L lailf oL-fc>JI jji > , <jbsJl . tL J 



:21-6 JU 


I ^4kLi JYdLil 

uJlI) j-i j f> 1 ) (rms) jbJJ (mis) < 4*3 ^iyy uaII j JUw 

X,. = 2k/L^> k V=/X>. :X<. ^IkIIjjJi lp| : Ol*Yl 

y> jjJI jli 60 Hz ojjy jjJl j4aJJ <*wl'4 • j-jiUJu JjJi 
X 2, = 2 n(60 Hz) (15 x 10" 3 H) = 5.612 

0.60 MHz jj jiU <yJwj 

Xl - 2 n(0.60 x 10« Hz) (15 x 10-3 H) = 5.7 x 10' 12 

ijfcliil j4aU rms <Vj 


"t 


40V . 
5.612 


i 


7 = 40 V . =71x10-4 A 

5.7 xlO 4 12 

oucJjll oljjjlll jup j^S Ji-ii wiU jtv wi*5 


jLjJI jjj j_jW 1 * buixa LRC y IjJ 21-6 


^jJl ijSljJI jlj . Jlyll 0 -ic *ju j—ellnJl L^J j_ulu ijilj Ul> j'ill jrfjjiw 


-814- 















( Jjjjll J^ill 


I 



LJ . i jiU j* hii d k 

mjbijMjiJ&iVcjVL 
i>(90°) ijjJ 



0) 


_ <JhU)l 21-6 J5UI Ub>[ i>uuj ji* LRC ijib* <jj*i 

j,u j^JjJI ii^U ja*J Jji LS . j^JJ rms pij jl^sll rms ^ ya. &* US 
, 5j5ljJl Ji tjjill Jiij i j v Lk>JJl pill 
. jJwJJl j** j*i 0* ijiWI j* O' 1 'WUfJI yj 
lj-» JJLi (1) 21 7 JJuillj . i{t) = io sin 27$ k ljy> Jt jLuJI 11* 

*-Uj spljJi i> J & j* j**JI y*y ui jyJ 1 J* • LyW j 1 ^ 1 

21 7 JJuiJI) i £* jjJslI j-i jijj v R j*j R ^ <i*UI LiiiL* ^ 
* ( H>) 21-7 Ji-Jl) jjjj Qy jWl ;> >&* v c y* C jtt j^aJl Li * ((w) 

. ({ j ) 21-7 JilJI) »jjj ft# iil i jl*JI lyj » t (L / J+*Jl Li 
li$_!» l L-ibu 5jli| Lib LfJ Vc _j Vi, yi a^LJi c#L^-«j3l »1» 

UUJI uiL y>t Vl jL: yttjiy yl y 3 ^ 1 ■ L*«* y« O^J^i L*i 

; lLL j jUjiL- » t j » c j»- o!» • Vl = Vc yl£ Oli, J&ll Vc j 

^ ) h i^hUDI Ow J—aill jlj »1» J) \ LUi V c jL) 

y-^uiy oUl^j jl IliLij ! Vc + Vc IjLj i_tyw 21-6 Jiill 
■»*-*!! $i o-* . w>Jl j+>JI jji jfcw ,/J V jW 1 

jliill yrfLji iyfjki Iflx-i j rms ^ ji i Sj^L* ^ 

DJ yry yjSii ji jill jlj? jjlaj ii>^j Lib y^Sj JJjlil 

jiuuJl Lf-iuu V4 jpjl ji Uiliv. yjJj ^JJI Ljjjjill ^ 
ijjj 1/4 yi O/J ^ |»—>y)l b* pi rLijj ^i-u jiW <f*6* 

j^aJI . JLi-j y*jj! ^ Cw> <#6 ^ J Sf 1 ' J j lji L ^»IS 

lju» yl ^Jajj , ( 1 ) 21-8 J-£i!l yj-jl y*> yflK S ^ 

Jiyj jjjl _J4 ljk» jl* JjJj i^IjJI J* jUI jlull jjWl J* i&> «4> J| 
y(j u L)ljj oJu oj* <> i^li L jr u 0i jif>Jl i*- Jl*i . UjI jLii' 
Li^l>> jiLw j* ■ (i) 21 8 Jiifl L5 v ai< jt Ijj«j 

lf*-j y* J-^li Jlill yfi Voc A^jJl w- Li . i„ j v 0/d j* ijjJ ^ j^' 

yrfJIjiJIj pjt iijiU y-» olfjhSil »L* yJjLia JiJ^j . V 0i «L*Jl xJ> »Uj! 


v i 


(w) 


v 0H - ioR , Vql ~ i<fit‘ • y «' = *(fl c 

Jl *>^UW 9j-i ,jJI v o ** Jl ^ 

, ( V ) 21-8 JSill ^3 L5 y^ijLlll c w; ) % r>i V M jWl ol « al1 
. yj^Uw* Oyti fliii-l* % J! !j* '-4-" 

:21-« JU 1>J = i + (%-l»0c) S = iJfB 2 + )“* ] 

RtCij-lUyiJ^ras^t^ , , ., 

. (ui4+i« ^!**» fj 1 0^1^ L*|* L+J J>wj 

: LRC ijiljJ 


W 
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(jjWI J^ilt 


v 0 =i 0 Z (21-9) 

iJjUlb ^ SjSUJl ity** r l Z J, du> 
Z*fo+(X L -X c ) s (21-10) 

ii^bJl 21-9 J-£*JI pay) iilli j.lixu.1 di£*J U pVl Z oljL>Jj 
. (21-10) iljUll £ijil*lMZj(Xi,-.Xc) i i? j* L«jujill 
^ Vj/yu JJJ rms pJ ^ L^i 21-9 ftUll ji ^1 
^1 jl k>5Lj . 5>Ul obuJI 0.707 0,1111 J^Uii v y J_oL> iiLjj 
<Jp" 2-0 5 jj- CxiJbJl Isl* y lift t u^JI jiXc ,>& li>> V t jl*- 

. Z k_(L>. jjji 

•21 9 Jii ^ i ^ UI ^ 0 ’ i ir* ^ j* 21-9 ^ 0 

^UU^jJ^iU * ** j^ 11 <4*JI j" ij^axjl iyljjl Ifil <A>^L 44* (jli 4 11* Jjjb 

♦ |r t -I c | J KU.UU 
) io j* jjJall tyjyA 
.{Zj^\^j)voi{R 


X,) 


: j* </> Js- J***j jl ** U » M i j j , i £♦ jjUl ^ jii, jjji 

( 21 - 11 ) 

Ui . 4> Ujlji. jjL Ki)\y ( OJ jb ) jl^JI J* f j£u ^Jl jl» & > & j|£ |jj 
• 0 jWI CP () uH>y if»JI j(j Xl < Xc jlS 111 
ffl lijl—y R jj <-*J5 4l»j^ Ojlljjl jjjiiJl iti ji luj^u j< pjjJl Jjt) 

: ijJil J aiill yL*J ioL XL), Jli* J ’jl 

ijjill j) Jill =/ J «-|ffi = W^|j.Wc08* (21-21) 


J- 1 * 11 jfc-y • 1<J raw pJ ^ l j V j (21-11) UjLJi o-aii-l y** 

spUJ ijjill J-jLiuj cos (p 

LiiCjR^ 6) jm EjJIjJI olL* 111 . f U*J oll> jUU ILjJj 
Jjp p j-*j . ft, = 0 ) L = 0 iiirf Lui*j 1 (flc ijllj L^i ji) 

: Jl jjiljJI iijbu 

Z-Jr 2 +x£ (RCif b) 

y-yj i| f IfJLkLfl LJf jSjl Xc i*jj y Ljj . yi£j ^Le sjiljJl _jx»o |jl L*t 
jj ■ Ijpw Xc jl 11 a Ul>Jl el» Ji c = 0 jl Jji) ji L>o>»o 

u-* * * jJ Jiiil li* Jl* ji Ap- ( C s » *1L»D jjili* J&t jy.) 

j(-£>^l jpy Xq - 0 jli 11 $*) . JljJU jl^jJI plai lilLe j^u jlj oU».iJl 

j* iijUll jpJ i_iyj KL Sjib UL> 

Z = ->/i ? 2 (/?L Jji(j) 
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( JJjill _pUj) « jjUJI 


. ^UJ J11L., uliiiJj uUjlU> 



: 21-3 JI 5 - 

J_i% 300 n r ,LL « JI 33 II ^ ( V = 80.0 V,/= 2000 Hz) jx» 
jt& J-aill jjU*jJyDl Stlji (y) . jjlljJl ji jUl ^Lill (I) J>ji 0.600 
DjjlJl J) jjjiiJI jjuJl ( j ) j JJSII ji* j5,y)yUl (_>) i 

i (i) sj^yJl JVXLii 

? ^ <L»Ht RC Bjjlj ^ I j V yj> i>5UJI U : 

. Z=Jr 2 + X* ^u> , V-IZ : 

•AeiljU^U : Jl)- 
/'= 2000 Hz ^a> i X (; = ^7 : (21-6) iloUIl <> : ol*)ll 

. C = 0.60 x 10 B F } 
I j Z j Xc ±>y*i i <LiiLu)'j J?J* 


Xc =- 


1 


2^(2000 HzXO.GOOxlQ F) 


Z = V<300 ii) 2 +(133 Q) 2 - 328Q 


7= ”7 - 


1 


i (u) ejjJl JVjlLj* 

? 4.1 jill Jy>Jl a It 

rms u£ cl : V^' 


-817- 








( Wjill jLjJI y\y ) J*i)l 


v C j fl j (rmsi ijp- jjl>j jjJI L 

Vc^IXci Vr-1R ; OUVI 

jlj i JJ ,> UOjukji ^1 Xc j / |wi t J*J< 

Vr = (0.244 A) (300 ft) = 73.2 V 
Vc = (0.244 A) (133 £1) ■ 32.6 V 

jUllx« »)l ji 4i)ij 80.0 V y^ jjuoll jjLu *i' Vr + Vc 
y lx» j-J 80.0 V Lj*ujLu Lub j'5U»lw Uf jj . jjU 1 y 

j~k \ 4 ^ . i Lj 


D 


«(.>) ^ i iU >4 JVdlujI 


V J *y li' -J* ' Jlj-' 

P-PR : 4-)tiii J*) jl^il (rms) <v J* . AjWI' 

y OjjSJl y jiiJl 1 %*yt ■ < 1» » » ’ ■ » 1 <j J>*)l 
P = (0.244 A) 2 (300 ft) = 17.9 W 

: SjjiJI J«liu yL>^ <JjOj *Lje Jli*j 




y Sjjil! y jiAD JjjJI 

P = /Vcos 4> =* (0.244 AK80.0 V)(0.915) = 17.9 W 


: 21-4 


Ojljiu 50.0 V o*>J) (nns) j>y 21-8 Jiill y if^J 1 y** jl 
(I) j>,i . L - 4.00 mH } C = 10.0 pF . R = 20,0 Q J yijjM r • 600 Hz 
ix> ^1p JS LiC :Rjy »‘iji (v 1 ) j j* j^i jW' 


t JY JLuJ 

V ;Lu!l U.'bu y L 


bjlUl»jj> y Z 0^3 y U : Jlj* 
: jli LRC s_piJ l+J\t : Ol*?l 


Z=Jli\(X L -X c ) 2 
X,. = 2nfL j ^ = 
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(j-yi 1 yijj) jjpuJIj JjL>JI JJJI 


!f jjjiili (rms) pi olfolu L : Jlyi 

v L *ix,' i v c =nr c « v*=m : owi 

■ jk jjjjll J 

Xc =- l - -r- * 26.5 12 

2*(600 Hz)(10^F) 

Xi = 2*(600 Hz) (4.0 x W H)=15.112 

Xc-Xi. = 11.4 12 »j» jijljiil &i* jju jjillj 

: y iijUll up f> 

Z = V(20 tl) a + (11.4 «) a =2312 

; jl^ill ip pU Ipj 

/* JIJL = 2.17A 
23.012 

: j* (>•*» > ) “j^ 1 -4* 11 

V* ■ (2.17 AX2012) = 43.4 V 
Vc* (2.17 A)(26.5121-57.5 V 
V/. = (2.17 AK1B.1 12) = 32.8 V 

pi jl ^j> 1 ijtj • jJuaH tjiji ijcJI j* lJ u SJI j+p jf > !l jji jl Js>5t,| 
*-*>j Lfj! jJi . <1—J x aJJl pj2JJ o-JL oj_»u Ull» «-»J 'll jy»Jl jjiJ rrn.- 
jLlp'il p Ipw jpl jj jjiJI Lck l*f>0n 

• f*k U «1 V V j i 0 a jjUl Jji jA i» : yp 
»1_* i) (jjJj ) y-J« jLi Xc > Xl jl L*f» ‘ <fi - 29.6° : Lil>)l' 

• W 


0.25 nF 


5 mil 

-W- 


-©- 


Jj!jil' jjjC U JJjjj J+> tJU£U 


JIpJl jk LKC jjljJ jj jjjjJI 21-7 

JiiJl p opli ; L i3lx*j C JiSu p ^ iylj Ul* p p*- 

Jiiu _ j*-Au jij Jj'i ijlxt JL jl j'i i Ulj Ly jJ IJ jl p 21-10 
Ipu (JjOj jl ji*,! iilllil jjiljJI oJ Ji*i U ,> Jpl jix) - f\t 

: pc Jp iijLlU iJliJi 21-10 iljLil j'i /? = 0 OA-ij ijl. pill 

i-pCjt-JCel 


:21—10 JlA ’JUI UjUll 6^ 4 Ulkil LJJI ^ OjJIjJI j^l J LU-I ij 
jXt y- Jo di A*J JP j* * ... J . ^ , 

J—ifU U 21-11 ^ us j&Xc * y S J ai jWJ ■ sw J y* v ** 

21-12 jtapLijrti 
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( jj j_Ul jluJI jjlj j ) jjjioJIj jjW) 


V - V 

, L5l$j M ^j~vj jLuJl jli Xl - Xc jj£ 1*^** aJI 


: 21 — 11 fri 
, j^a*l ii> o 21-10 JS*11 ^ AjWI 



21-12 

JSU! jj j#JI ji-nJl iJjj jfa Uit 

ojJUll j—4 jUll jLiH jli. 21 10 
. JiU’L US lilUj 


j- j_i]l j * 1j ju* lilu ijyal\ fyiiji 

■ J-P; *jh J 1 • 

<L_jlfi lit (1uud j *tlii!l £UL Lj^j 

ijli A-ifcj . j—i^aSlI j-UjJl j« J>*t 
<Jl A jiuJ £l jJW JLJ rL-jUl ^ 
£>-* ji jiu ^ A+uii bij^i 
jj-11' ulj £'>—1)1' 0w 

AaI mil Ji—iu A_Jp gjjj U* » 

l_u . AUu Jjij ^ j*J JuUl) AJUil) 

L/f(: i>-»Jl j*o* "-H i> J« 

, Aiuiul) utJJ jill UU 



(kHz) ^P 1 

juljlj j_/J Xi, jS X/, Xr = 0 bjilt jlfi J^a>Ji - £»iyi ji - JfJl j»j 
j j_» jijU 21-11 J-&JI jj-xy . jjjiJl »jL_jj £-i Xc Li* jjjJJI 
jjyiJI jvjwxj Ljj£j . 21-10 J_£i)l ^_j j*jjl>ll L j C (> J5J a^J^jUIi 
^U l jjjil Jis jll*j aJUJI ojj» ji \Jl* jXAi HjjUll jli f= 4500 Hz 
Xl = 2/i/L ji Ly . fo <J <■ BjiloU jjjjJI JJjj p-* Xi. = Xc soi* 


UjiP ^i>* jiijJl jli X c *2^fC ' 


2nfol = 


1 

inf.C 


^~2k(lC 


', j*j)l JJjJ 4 jjJ ^Jax-u Iflij 

(21-13) 












( jj jilt jLwJl _pijj) jjUJI j*m)I 


jj*> £-* 21-10 JlAJ! Aj^ul DjiljJI jLil Jjjjj v_i»i 21-12 JliJI Ul 
a-lc iijtf 1 #jL»o yl Af_>jl IU Jib'll <JI jA^laJI o* ) JJjill A44JI «jl 

tr* 1 ^ J! J*^ LSj (objjif! 

1^1^ xj'i J^L-'jII j .«> y^s! dJj} iLllfj'i o~J« Jj.x>* ImJi y^Sj olwJi jiljJI 
, <Ujilll JMJ jit Jjixj 

21-10 UjUII; LfjjjOu k LHC Sub ^1# c>>huJI sj* jJm ^1 Uj 
yl La,) Ijjb . 7j - R Jtu /n> .i ji^fl LsJUu»i Xl jXc j*Jj yjjj/l Jtf 
; y! Jyj <jipj /V = OjjiJI j jiill yjL jlj COH (f) - 1 


. k_w-i <£ <>jlL jjjb cjjiS y Li Li?C SyiL kllLw (>ujJI jj J ^ 

Jua; —> jj <-f~o U Lijji Ijj Ji-u yfijJl 14 J \jm .nj 

IjJj . ojJui jlfj Jjjj Lllj LfJ <^ull*ll ^JajJI jl JaUL pJLjj . 

J —*i fUsuil yjl Jy>i IjLuOj • 111 m 4a- y+i 4j[j Jjyjjl li^i »LLJl VJ 

j^l . biul ojJ* jj+j v _ r * 1 ui iiy I k^i Jl LC SjiljJj . y*3jll <JI> J] 

Jjllj yAJ yjli , jSullSLilj jyL^lll yAllJjJl ji y^ljll y£ OjJI A>j| jlilUl< 

oljjl 4k»J jj& 4lJ ytfyijl , 21-13 JlklJI ^ y«Jl>Jl JxbJU LC 

Cull IjJ . IfJ ?jy jjlti jJlC cull Liu \ys SjJljJl jJ ; Ul ji 


:21—13 

j_jl J J t -; i*yk ji\ lllb uLji Ul!u 

j-l» j jJsj JjUX^ jjiij i 

, LWi 




















(jjjill jLull jjljj) jjjiuJIj jjbJ! J«mJI 


Lli JjJLj . —(q^ IC) j^uu* kJu£l 1L Ljixll liLkJl jLi qo j-» > J » fl l j-ie 

. 4jj jUJl yuUI <JSlxi fuaj ISlL jJu-i 

, LUJl JL pllaill UU ji ijjil'l ji ijju-i ji 

ij_JU JilLj , jLliJi J Jiiu ji iilxJl udj jS K Ujj jl^il( j ji y j 

Uij^aj jJj: l$JU ^.LJI oitf Li$ A£jJ! yLaS'i J 

J«tfu LiJuuOj . lyj -UaUJl I ii'l) -JLtj uitSlIj i>»>j^il ji jli ji . jiljll 

LsJ» LilL J] Jj-xu t-i) aSU» yj Lf;J L J5 jli i LjLi fiS J| iU^jSl 
ji jUt jLuil jLi i “’••-*■ J_S' JLiiLil aiL LIS sjj'jJi J] oLiull lilii Ijjj 
■_* I* t j-i Li)ix» A j!.<>Sl LSUl i>yju a jj A 0|j4 JJ J*£j J5 1jji 3^'jJ! 

JS JI 0* y 21 13 J5JJI JJuy . (Li*/2) LjWLj iiUJi 
J| IfjJju J-3IUI Ljj-si JJa^ 0| ; £l*J< JuL U^xjSl uiSjI* Hi ijf *jJJl j*j 
ci_x*up! ji) (_*) 21-13 Jlftll ji j,uJi ^»JI ji LL; j5Li ji J] iJjJi 
OuiUl jj L«U3 A—ii ^Juxy . Jj>l 0/ *i«j j jl 

lifJj jWI ^ J ■jaj Li- . !^l» fj j« (jilj j* L^oi U - ^UJli 

j-xi pij L^lfDI j,j jLwH uiiy* jj/» >«• - USj jLjJl USyL H 
, IjIjStij Ijljj oLLwJl oik jj&j (—*) oV^ll J Ls' JjJl> ji LL/ uusil 
JJskJI JL> jj 6l>J Ljll UUJ] JjLu lIi! i l «A) _*j 4_u*pJI OjJljJI jl 
jjJIJl LilkJl L*i j+^ A_>-«^jS'l oll» rjly-is 

jx»LtuJl )Ui J-klj . olxjl »JL ^ J^ij iJli.1 ^ jjiiv Sj'J 
. I LIU . LiLUJ xii JLLa ji ^JL Lu»jq <U> jw v J' JJ jlqjujli 
objj jJl i*—. j>Lii j-i'il Llf) 0 i iLijJI jyjC Jlil> v Jl Ovi JmII yq-jj 

j-« JJJ j| . j«LtJl jj-; JjLoill tH* J-ijll ^ 
jJ^j k 'sUjk-jj J-1 m A-^>j>j^l ^LU jj bjij^ LajJs j^>j oljj^p ijilJlj 
vA OjJIjJJ jJuJJl jbjJl Jjjjj 14 6 p—JJl j3 AJbjjjJ JJ/J' U- 1 * 

. 21-13 iljblb oU-> Jill jj^Jl 

l>**jSl Ji ytj oc)j UJLp jli i Ij> lj)L rv»jL» JiUl J*> ji Uij lili 
Jj UJI L*S , il>^>jS'b jtfUJl jJjl JJjI iijUj JJjaa j LLi y*»lill OS^I J 
xji ojJljJl« ^aJj^ * yi-ijil pIS lj| LC ojJIjJI j y»ii Ij> 1^ IjU ji Uj>* 

, xmj j_» ji oLiu j^Lyi j jiijii dy- j* Lis y . jijyi Ljj^ 

jl^_> jl Lfl Uj^- Jlfci LC Ojilj ji J'oJl J-aiJI LdljJ aU 
• 1 ' 


-822- 



( JJjill jjWI J^ill 


: 21-5JCU 


j L = 50.0 rail j K - 10.0 0 >1 i~t > JljJL'l ^1* cLait LRC jj—lj iLJ 
oljjjj jJx jjiljJl jlc JjJm 20.0 V rms Jli* <j(S) . C - 5.00 pF 

jjj-j jJ>f jLlil rms ■uJ y> L (v-) v ' ZyljJl Jjjj a U (I) . <<!>>< 

. jsjijll jjy jt 1% yji Ojljia JJjJ alts jLL! SjJIjJI OjIaj ou*»l (_>) 


a 


1 (y) i (•) ^ JVaiw< 


jjijJl JJj J»yi yt b ; Jl)«i 

. Xr = X/, JbtbJl <Uj jibsL jjjj lit <^ll ^jj>v 4jL>^I 

If fo <)jbu y U : Jl)- 


• f 0 = 


1 


: M 


2 >rVLC 

V ^1 Jb-s / j V ^ 3*JI y U : Jlj* 
. I = V/R <Vj ^ = R u^;i 


-L. 


J* JJjj tliiWijtWl 

= - 3.18 x 10 s Hz 


2^7(50.0x10 ^ H)(50.00x10 ™ F) 

j+3 jjjil Ijjb jIp jl^l! (rms) J 

j- 20.0 V -200a 
10.00 AUU 


a 


i (a) gjaO) JYjlLjI 

? /o O-yjll •»■>)» jy -4ji J jj ( JJjill y» b : Jl)- 
. /-1.01 (3.18 x 10' Hz) ji /» 1.01 fo : Ol»Vl 
= 3.21 x 10 5 Hz 

? jjjlJI (i» j1p X/. j Xc ^ U ; Jl)- 

: 

Xc = -r-^-— =9.9xlO<0 

2n(3.21xlO r ’ HzXG.OOxlO' 2 F) 

Xl * 2 x (3.21 x 10* Hz) (50.0 x 1(H H> = 1,01 x 10 3 i1 

&JjJI iw ji/J* U : JI)- 

Xl-Xc =■ 2000 0 : U>)l! 

V 1.01 fo jjydl jltf iijliul U : JI)- 

Z = 7(10A) 2 + 2000 O) 2 • 20000 : 
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( JJ jjdl jiljJ ) jjyiwJlj J*iJI 


j-i> i R iijlilL Ij* iy£ Xc $Xi. jt'tt ji Jx>^ , 'jJUaLUJij J*J ! 
ole[ j^S^i Ufjli ( alt) U 4 J ^>^ll j* 1 j L*j>i ji ^ 11 »». 

i Ja£i yk f= l.OJ fo JJ .lit JUC j Lilli UjjJUj 4 j* 1 aII 4 W.*i" Lj JSj yS^ jLiLI 

i=r^iL =0.0 1A 
2000 n 

J jjl BjjJllt JMjj—i! jySj Jil 111 . jlu gj Lii 4 $IH Ji 0.5 J 5 L*^ lo yj 


pJJKL-J» frij\ jJp JV-^ 1 j* (0-005)* * 2 - 5 * 10 ‘ 5 y J* J* 

U5 i LwLj J I j-jjI^I JLiU ^ »_pljll iia jL>JI olj jMjjJI 


. jltfl J-«Jl J Of-. 


^JbuJl lJIjaI 

; Jt Ijjli gi i— l>j J_ua!I lift i - i j j it j5j y jI 

t J+j*Jl jjJ) jLuj' tifcJ* j_i J< jLull JjUu JJjLjII (O) i RC J*‘J\ colill ( i ) Jj*3 gi 1 

v LjjUJi (j ) «, ( LkUIl) jjJl ( -j) k j^-Jl ( Upliil) jjJI ( j j i (rms) ^y DImJI f-uJI (_») 

■ M l- lj J i*jj< ( l ) • 'J" 11 J* 1 ** (j) 

oLi»LiL 4 Lj3» OjJIJ C^UJI ijfj gl . g>«lJ! *tii' RC \y\i J jLdl ^»y J 2 

(rms) Ui kjy ji , (rms) y 4k_<illj jaLJI ^ <JU (1^ giJJjjll j> j**JJ L>jj*i J»* ^y 3 

. ( IL-oL, <JjLu ijyo j ) y$ J5A> i**) 1 J* 6 <^4 

jji jU)< oVaJ WW oUy>i. fu-j* i)j . JJ y* J*» Je jJw j*H fji »J .>* J 4 

Lij^Ul jjjLuJI wlLjj J\yj lajjp pjlill J) SjjUl jii ls~>y* y~*»u ijij - ^1 ji* 
iiiUJI pjiJ—o jij , Oiijjll olJJjiJl aix >uc 4.AilVilI objjiJI jip JuinJJ jjUll j^ibll ofi> liU y& i)' 1 5 

o'iU j V =IXc 

jXii . jLilll JJIjii 4jJ3 jJLtw J-Aii UliSi if-JL; J^aJI Jji* jUJl oh ^4**“ - Uli^kiO . ^y jl 6 

, JB5JI jjjiJl jii L-iy Li 

1&41I oljjjill JuP Otf iuijjll oljJjill jJ»P y £i |)lj ^ ^L>« Jll jjUIl Jijljjl y< ji r& ol ^ 

iL-u ci'JlU jV = lXi. iitoUJi ^ji>i-j O'j 

jij . jUdl jj y~» iijji jj-**j J-aL udi 4*^4 oh - p*y jl 8 

. i3l>Jl i_iU ji SjjiJl Jii jijJ 

• ^ LRC jiljj g» /»“* JjLd 4 j«*jJ'>j V -IZ iiMJi ^jiu_u ji 9 

. gju^Jl jjy Ji u ( J • LC OjjljJ oHj Jj y *>y 'jli V = IZ oW' j»jiU ji 10 


oLu»>Jj 4 JjujI 


gjLi jj l j l.4i.,.-. L j ,<4 i jLJl y-Lii) pS'I jjaIi LL> iiL> 2/iF *1u Uli» >iul»p1 tjj 1 

V jUl ^Ui jl*A o» 'i’jj iijb fid? oLUlU (►UZJI ^jLS-u '^i jL o>U* 
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(jjjill jUjJI Ji\jj ) ^jUJ' JkOI 


Lfjjju jjil *MjjS Jl Jhuyt ( 60 Hz ja J&j Jll ) JijlJI yaiili J^> llL>< jSj^ 1 ji**J ji 2 

yiUij'lll lift diJA> j £j«l . ApJI ljj> Ji* 

Jij4 . *»)U iy> ; aljLii i»jJ ^ 'jljJU JJji* jig jl j&~4 jU3 Ji J-f> ploiaJ jaSb ° b . uk Jl »i* J* o' j* 3 

j*- 1 jLf» 1 jj^ 1 ^b^UI ‘ (**Li] ‘ uy.'M* k J*^ 1 ‘ 

V ifL. v jax ) 1 L.-u>j . objltx'! 

L LSI**!! SjtUul ^jLJLK U f LC ijjb ojjj* ( Jjjuj ) jl ^ic *L£ )lji*i ju JjLsII <*jl j» L 4 

. jpj«il ? ptlU)l C ifcJlj 

JJU 1 o-j! jkl> LC 3jjIjJ jiijJlj Jyjj *JJ> it* jifi aJLSu y*liJl jjljJl JJjj 0* OjB 5 
jjjj j,uw j-lc jl f— j*». H JjL» j^ JuS . jjjill t-iLL jiji* jxp jl^JL J«Aii 6 

. ^1 f 100 IIz Jl 0.01 y^isll j+»JI 

? - j^Uj'jfl jit laiaa la* jlS jj - jOaII J+> jM j^sJI y liiu jl* iLaia S jlj J%> jl+Ol j)£i Ju 1 

oljill LoLj|£Jl 3 * j-a j-aiay <—ukL Owjl JiJ j rj4 * jil_)J?JI Jj«>| ji li* jfii 8 

jus lajj* laU jit* <^LJ jaa]I !j» JA ’rj&t -Ji* ai* otl> jij . it’i oLL»l ±>i*S jl j£i* 

■o.nll jj±i jLii ±ii . jjy. V >ll ji pUL <5 yw jI>j[ ji* 
wiLaJI jj_a JJm j* i jSti ji*Jl-#Jl o'o ‘iw- . j . 
jUJi J-a^ I jl jbjj Af»Jl jilj 110 V y jImII Jjlil jLlll jlj 

V 1 j in m jiu .Jii'j !<Lxl ji Ux>jl yt U . « yjj^b 



•—W—t—w—• 

^11 

21 1 ^ 


J'_>j[ f-it Ljlct iiL>-ijj I^.Jp jlL; 21 1 o JiuiJi ^ 

JJjJ J-U AaiAi— Lfjtf ^jLiJl Jjjill Ju^_>Jl jLi 4JJ Ap jj 
01 jo jjj ji-j J->li]| »1! oiLLujuI ajjb ,iJL>| tvi-x. ' ij . wJL^jJil 

iij J^JkII 3j->^ Lai . L_Iuo_wi objjlll J iy jli L[ oUjImI 
L-^ij JjSi UJjyi j/yi jjJyUl ji J7-1I . jJ^La Jajj yaiisill JJjaJI 
. 4^aljJl iixbyi jJv 


yAxl) 


; >u^LI jjlwj oUjjju 
(rain) obu^ll kaya jj> yj 


: jlillS ^ (V j /) (rms) ^ (f» j iu ) Lxx> ^ ai jU I*- jaa oVa) 


1 


Jl 

Jr 




ifiU 


. j 5jl v *> J! Jj>Ju“ ^1 .1 jOaul J** lAjiji jJjl OjJflM yL> J >a ^Sll j rms ^ jj 1 

P = /Va=M 
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( JJjjdl pljj ) ujjiudlj J^siJI 


. <i jUJ j rms ^3 jj ji*j oU-JI jli Jj-j U < >j'hj 2 
i 0 =(V 2 )/= 1 . 414 / , u 0 -(J 2 )V = 1,414 V 

4JLa 1> /?C 5 jib ji j« jJI v) jjmu 

: iJlill ii^UU Uy ♦Uil! Ju£ J?C ijilj jj ouii ^1* ( JifjkJI p j*j ) yiu 

q{t) ■ q f (i- e" t/Tc ) 

. tiylSJl T c = i?C » Qf~ ^ 

JJjlll jLuJI jiljiJ ji jluJI j£ j^lJi ciliiU 
• J* ji"'* 1 jUk»JJl jlrfjJl Op irfjtt* Ijib 
ijjj 1/4 jIjav j^>Ji ^ie jk>JJl jLj)I »jili 4 jL 4jui 5jib 
. JjjiJ 1/4 jljiw jLuJI ^ie jJa»DI JLf>Jl jiijj 4^ju 4 jIx» Dijib 
(obUUll) jjjjil : jjjill jLjJl jiljj V j / jxi 
( pji jjjli ) V - //? <Ltij ijjlij 0jjlj 

V = IXc 4^u <Uw 3ijilj 

( o«J! ilcUll) jj*Ji jjJl J x c - ~ 2 njv ^ 

V = IXi, <Uii 4 j'Lx« 3 jib 

( <JUUli) jjJI = 2 tt/L viu> 

4^M> 

• (J^ 1 j* & ) x c ) R <> ij *j 1 
<_wJjjJl jlfi C }L pjij jjjjJl jj J£ ^le Xc « Xi, jjjjJi ii'n" lilu . jjjjJi ^ic bjiiii u'i»~ 2 

UfoUJl Ul . jj-UI jj jli&U Ufj^ L-^l rms ^ i j v ^3 ^ie oUjli#U ^j! jplS 3 

v Jj ojjjJI 4 a__> rms «_j ^le jaib IjLxJl oUIm <1 ,/ilL ^ jJIj jluJl ^«i jpUI <i *» i 1 *> 11 

. L j C jjJaJI ji U^j'i i j V ^J> JfbuJ 
jjjl» jLu Lfjjjuj Js- aJLojII IjRC 5jjIj / j V iiVxJI 
■ jlk iLoxll IRC iijlb ji Z i^lljJl 4 JjLu I j V icuu y_ 
V^IZ 


z=Jr* 


(x L -x c y 


jji ) 1 Ouoj , Tjhj 1 ojjijJJ ij ji Jj 4 jL**JI oU l^' JJ A I.ji l b i J V jjj 4_t£L*lll jjLJI olj”5U (J Jp 1 

. Kt> dijlx) mill J! U 4 I 0 

. Z^ Jr 2 +X 2 l u&) Xc*0i>fsKLiyiJ 2 

, Z = <Ir*+X 2 c Op) Xl =0 opRCiyljJ 3 
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( jjjill jLjJI jiljj) jjWI J*»ill 


COS 4> = ^ 


LRC _pljj J ojlj 


. aJjIaIL LRC Sjilj ^ i j v jM (p j*J»|l Aj»j|j ^Lu 

j <t> = C08 


jia J^U! Ojl^j jUill frC viliiy jll»J5l JLfxJl yli Ac > A I. jts Ijl 1 
. ai* jjUl tyjt jUl J**JI Jjj A/. > Ac yis lj[ 2 

L/fC i*Wj)l 

jU j-oii j»j l»jiu UJjZojUJJ Jil MAjZeft jl: 3 jjjjJl , XL-Xc^fo tfjl wpi* 

. jjjjJl JJj3 fo jA-'ij Ijyjj <JL>JI :1a jiu 

/• = —4=- 

2 iJS 


.(</>* 0) jjDI ji jLullj rJUAij I-VIR , ijLtf iujliu ijib oils ^1 US jjJjll jIp LifC jjib J*v 1 

JJjjill jUjJI jiljJ Ojjill 

y jU» Sjilj JJ <Leiyi SjliJl 1 —»i«_j jjji* jLy ijSljJ Sjji)l J<Im cos 4 > jlf jJUa,* ojjill JjUw 
P = 77co8^=/v(|) 

; JalSJb R iujliil J>Ij ijjii jl^J SjjIj ji ( Sjl^ JJ LjJpJ ) jjjill k-, vU py JjJiiJI 
P IRj )=M 


iilx< viL ji tJlSU Jjji ji Jli* 

JjU 


21-1 ^1 

? 0.50 /i F Gu cili» >< Jjjill ^ 4 JL 943 y>iyi ^jliil i»J AUi pis 4.0 s RC 5j)IJ jkjll o^tiJI j'S Oj 1 

0~* 5.0 ft F 41*-. OL 1 S 4 Ului 4uLa*)l! 4jUy) 1/J illb Jj ivy; j£5 j JV -ll 1 s Ly Ojil.v ^jJI OijJl jbia U 2 
? 9.0 V Ljjji LjLL 4 Ja-.lv 10 Mil a^ljiu ^»jLL» Jy> 

U ^liuj 12 V a*jUL» 6.0 Mil Ojljiu 4.0 /j F Ai*-. j»b uula JlyJl ALaia 5 jJIj y^lii 3 
■ C *^ jjj* **t (*T») ) V 3^1*4 rliiil Jii J *1 ( I ) . uulll jill <uxi)lj jjjlJl j jUl jUi'l jljL 

jUill jljL» U . 50 Mil OvjJ |»jILjji ^liiut 9 V <iui j^j>- JJ jj>Ju 6.0 ft it ajaw i.i*Si j» Jljill jit ALu< s^ib j»£li 4 
jljill j!i jaj jijj hiuli jm (lj) i^a J j ^Lc Sit (i) , ouSJl jie jLpJl jjij ijlUl ji jlil 
yLSj , v«luu rLiikj 5.0 /i F aax—. JuSUj 4 Mil jlji» 9.0 V OjUaj Jl_jill jk aLxm 5jib jfiii 5 • 

_ jj oJ kJ I j_a (<—i) o^JijU j-UjJI ouLDi «_a U(l). ^ bill Jill ^ ijljJI ji jjlsJl 

? (y) ijjill jj ji t_juSal JJ ijjfoju/ jill <i»Jj| jljia U (->) V (2/3) AjjJi JJ yxJ^ ji> uuSkll 

*■’ Ojiill :1a JH> Jiill JJ iSj~u jl)' L ujj jUill Ja-ijia U ( J ) 
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( JJ jjll jLm)I jiljJ ) ^jySuJIj JjlxJI J^swJl 


*1*—* ijl » 5i 4 j_xw pJ . 62 kI 2 L^_’i ojjp»j j"_;- <Lulu .lLju Lj .*!» .1 > Lilia j^LL ^ya ilii 6 ■ 

kiulll! ja U { I) . Xu J5 * wiiStil ^Jo JLjJj oil ojJ pj ; Jajjj 12.0 V cj'ji* af> ji> 20 . 0 F 
LlJUP JJ5.1 1 i jAf‘ O-XjJI Li ? 0.8 H jjji ±iu Lij ijuill j+>Ji jy jA U (o) ? Sjiljli jiljll 
1 0.8 s Syi Jj«*> J}L> i^dlj 1 b~>&t ja L { j ) ? 9.0 V ja ojip j^. x H jy jjL 

jj-Lj i^oliLi jj^*j .l_»u wiSSIl ^ic Lydl j* L» . OjLkjj iUjOu Vi Jljjjl jit J-ajii Lull 7 ■ 

t gbui ju*i iv 

^jiu ^bLj 9.0 V LjLLj 5.0 MU ^jlii xi JLiJl k oiijiJl ^Jp 0.0 /j F j 3.0 F L»L*~. J«aj 8 ■ 
jljJu Lt (_>) ( ‘ j>U jjjj oj'J jmj 6.0 fi F i_i»sll jj> ij xll jjj ja Li (wjj V ijiljil .lull! I o j ( I) 

V 3ijlftll dja J*» 3.0 ji F Ju£il JJ oL»j 

21-3 j 21-2 yU-ill 

^Luall jj-C Jl^—>JI jju-JI jl^jll jjLjilji IjJj 0.4 A Ijii rJ>yj Ojljl »Lcu *♦ Jljjtfl ^Ip JJjjill jl^il) J-jj 9 
f DjiC J^» jjl j-a»i jA Lij ^Lall JM> jlil jLuJj ( <xmaJ| ) <UiiLll ^A L» . 110 V SklJLlI Cju(5j 
j-A Lij . jlfAvl Jl> jjj jly ^oji jA Li 15 Q <Ljli» jSL%jS jl^> ( ^lp 110 V <J MILS W) _f> jjj JjL 10 

? *3 rms liJ 

4-LjxJ 1 £-a J-jjj JJjjki jLu jluuJy 0.72 A jA JJjlil jluJf jlul 5 aIj5 CjjSj -UKAjii Lj-oj Jlt> jLy Jjt 11 
jJll SjjJUl jljJu U If cL-xU J^>il Jyjj ( ^1) ^*jSl jUJl JA L (i) . 120 V JA jjljill ^Ip 

9 "i■ ~.i t iijlij U v ■ ^.i i i jCi^ 

rms 0^5j 60 Hz OJJjJ Ojxi jJlI 4 J &ey Lp 60 W Lyu^J Lkwju BjJlS dl ^L J :-*L?J <1 ^x iijlii jf> Li 12 

? 110 V 

3 -a c>ju(_> jj jil! jLull ijji L> jj 110 V ipr jJlp 900 W 4jjJ Ljujki u>mj j jJ! j'^S)l jIjuu L 13 

f jilij 5 J^L> olyw j* ojJji L jIja* L ? jjUJi J^LJuJl iljjl uiJI Lmao iijlii U V110 Vrms 
jjjli 110 VruiH jy J'yjLt jj^u u ^jljlJi ^1 p 90 \\ lyijjj itlirfuj 120 W l ■ j'■ ■ Ji :,d atLiJ IlL^u »*il nj 14 ■ 

, ojL-sjj! j* JS iijliij jLJJ rms uJ j^»jl 

f pjliil jLi'I Laj juj ^lll 3jjiJ< jIjIi Li , i = sin 240 tA 'jyuJL 4011 pjliu J>i> ; lil jLdl ^Lu In ■ 
afxU rms Lm 3 (y) k jjuaII jjjJ (I) jjpjI r = 120 sin 377 tV olWl Lp Ijl^> Jvu jf>J 0 jJum 16 ■ 

. t - (1/15) s ikkill Jii J^l (^p) J £jiJ! ole 

jIjJu Lij ? 60 O La^Ijli 18 p5j 5JLJ' ji jj^ill jjwdl jjp jLuU rms <«^j jxLiJI <i^aII L» 17 ■ 

V r jUll Lajjuu jilt jjjiJt 

t ijUil ^ ajjuJl SjjiJl jIjLi L . 25 O til, J* v - 60 cos 300 IV Cjya if> jj» 18 ■ 

. (t * 0 jIp v = 0 jjupI ) * Jjil jjy ja Li l = 0.004 s jj p jljj^j if = 0.3 yu jjjh jlp dji j) ^xil j^> AJLw 19 ■ 

jyJ (k_i) . J^J>Jl jJUJW ,> yjAv-Jl JA>j( ( • ) . 30 il ^jl«J Jjp JJjjJl jUilJ 1 10 V j 60 Hz jJ-O! Jj»j 20 ■ 

, ill* J$ ji ijjjJll ijjill jljii L (->) . 5000 Hz jjjJI ^15 |j| otL*>JI 

jj> Li . Vi Jj_«aiJl <UjiJl jj illll ^ 72 JJ kllijl J-oij t - 0.004 8 ilp SjUjll ji iijlii Ojilj jlil jLsJl j>^ 21 ■ 

(t c 0 jjp i s 0 jf»pl ) 1 ' jJuaJI iiy 
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( JJyll ;Ul jiljJ ) jjjiAJtj JjbJI J-aiM 


21-4 ^2)1 

jj£ Y a tji* J-* 110 V, 60 IIz jXm j-» 4.0 // F 4 m-> J1£j jU' ;l*JJ rms Ui ^ U 22 

. 110 V, 60,000 Hz J >T ; a-i u-Jl* d#L*!l 

f jx-all <>. ypwll jL<sU rms yyi jIjju U , 60 V , 240 Hz ,xa, y iwl*j 3.0 H F J& j-»j 23 

. 0.4 MIIZ »JJj3 jXal CilLjJl 

jjjJ jut IjJ i_f *^tll jyJl JjJl Li 120 Hz jj-*il j jji j(5 L»jic 40 H U a Jlj ciJil JjJI 24 

V 10,000 Hz J! jiail 

j-» Lt. 5jJL« 2.8// F -tin- iJISjj 90 Hz ojjjfy 42 V 4J rms l»J U*> ju. jjjlli jXm J-»j 25 

Y jxaII (j» t-ilSlI J! J^ 1 rra9 

L» c. I ■ > 4» —H _'j|[ •»-«170 V 4 ju rjliJl i/ >11 <xJJU 60 Hz tjjjj jjjlil jlyll jaa* Jyj 26 • 

If 0.72 A *1 rms lui jL; y>« j] j jp ji)< ui&ll **- j 
rms a jJLil jUill ^jua« J-oi* 5.0 // F tlu Juiu jIp B^'j ^ 0.4 A *J rms \i> y 27 • 

* jjuaII jjp U , 40V 

i j~ ■■ bjjil) iyJl U (i) . 220 V, 50 Hz ojjlaJU jA^y B^iL* 8.0 // F .Jlii J-wi 28 • 
v jaSIi Jt ^kJJI ^ U (^) Y J&l J jlll jljSU rms W U (y) Y Jtfll 
, 10 ( i ) a/lij Jibuj jyj* dy»o a^P jjail Jykjl J if jm liip JSSi J! jUl jirfSU J* 1 " J* ^ 29 ■ 

. iLli jJuaII x^jf jlit» jlj jjjlJJ Ojl/u JU* cv«d aji Y 10,000 (-*) j ; 100 (y) 
y U . 50 Hz jjj yj 240 V oj**J rms jjjSil jUU j Xo* ^ Jlyll J* 6.0 n F j 2.0// F J-j 30 ■ 

Y in 

21-5 fill 

600 kHz (o) i 60 Hz (i) ajlai. i*p 4.0 mil aJjU^ JJI j Jl 31 
jjJi 4 _® Ljj Y lui j* Ui . 1200 Hz jj jlH Lu* 32 SI s_ill JjJ' •k} ^2 

Y6.0Hz^J jlaJI 

. 1508 rad/s jj jlll Ljjj 60 S2 J>> ij *JJL <JL>- y->! 33 

J>> iyU#il iiUJI l*j j U 50 V aj/jO rms iwij 30 Hz jjjJ jjjj UU* Jl* j-j 34 

Y 90 mA ci»j 5jllJL jn 

(rms) Ly j*iLi ljj JJJI y->l (I) . 110 V ^ rms i*jh Ui di> SjSIj i# j«JI jfj 35 
Y jl^l »J-iu J| jlyll rms j* 1* (y) . 60 Hz aAKy 8 A y> j'yll 

j^l iyJl oJLS UaSp 0,8 A (rms) iyu ^ ^ 30 mH JUu UU* ^ j+> jJ-« J-»j 3fi • 

9.0 V J 3J L*S 'ili Af»Jl dj. *ifli JJj^l »! (y) Y ji-ll y U (1). 9 V j*jJI jjil 

Y J31' jS jllI jlull rms ~u£ 

50 Hz »jj y sjJH *i» J««j 'j* 60 Hz jjjJ jj j> jlc 78 SI L» will jjll ^ 37 1 

Y 220 V rms jy»JI ^ 
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( JJ yX\ jUJI y\yi ) JjUJI J^aaJI 

OjLio Ijl^j Jaj>w ^jJI jy £u pi 1.2 mH lijlill ^ot *JL*j «JL> y* ij-lL. jj jlll jipJJ .^u J-oj 88 ■ 
! 500kIIz (o) j 50 kHz (i) j» jjjSlI jlS Ijj ^ 1,80 A 

21-6 

jl>«I 60 Hz sjj Jj 80 V ''j rniH -uj jj^lll ^LiU J^n 80 uF u JljlJl ^lc 4ft ii pjtii J_o* 89 
. ijjjlixiJl jtfjkJlj jl^l j# j^kil <^jlj (_*) . y* .xf>JI jji (y) t SjiljJI jlil rms <*,ji (t) 
ijjjlj »>jSbll j jUl jU( x»..i . 80 V - 120 Hz ji*, yt JlyJl Jt 400 Cl ylhj 4.0 ji F JiSL >j 40 

jAaII j* </) > .»!I 

y* rms uj sj_U jj_ll jjji'l y> L . 6.0 ij F w LS .i w JljiJl 50 il oul< J*s» 41 • 

f jap LfJu ^ pjllil 

rms jlSj . aa-Ji jy+>* Jui»j 1 kil pjli* j 60 V -1200 Hz ijjJJ jiA» <> Jijill ^Le <LxU 5^1 lj ^j5-u 42 ■■ 

*!’ ouill iwi La^ i> Jif aJ i J} jLK ^LiiJi (i L 42 V p«Lll yt ^ >1! 

SwiljJI j_3 jLLI jLeiJI j_>ji . 30 V 6000 Hz 5jji jin yt iwU 20011 4I«j’Ju 4.0 mil iJU* JlL J-5 j 43 

. jJ-all ^i L^x-lII ijjillj 

jUl JJjlJf j_& Li lUdiJi yilt JJall ^ >11 jhu yt 60 Cl i»Li u JljiJl 5 IUH Jlii ‘uLkj jL 44 
* i3l*Jl wiL y* jljill jLO j* pjliil jac j+>JJ rms ajLc <jj5u 
y-t jjj jli. . 90 V- 2000 Hz iLjil] 800 Cl pjL* « JiyJl ^ic L Jj d > » iJLxj i_iLi 45 ■■ 
'■ <5l>jJ! <io3 jA Lj ojMjJI Ji jlll It 40 V y, pjliil 

If 70 mH IajIjJL* Lil»J jl>Jl j^U l^La 70 /< F <iw yJuiJ j vuJl j y\ <ui j^5Li jjJl jj Lll ^ L 46 

jas <ltroy ij* jUaJI >jl> w* <jL>JI (JL »a L 40 n F Oua Jiii y* 60 Hz ojj ji jjuzu Jrfj 47 

? jJ-ail jJi> 

0.6 mH uJit LjLxi ojLij . 110 V- 60 Hz ^x<u y* Jl*ili ^Lc 4 jL>* i^IL ,« 3.0 fi 1 Ou i.tlii 48 ■ 
. 6000 Hz <Mii jjjl) v-JV o^L>Jl op! (o) . SjIIjJI j jUl jlufOl o>jl (I) . 720 il iMjliij 
240 V - 50 Sjjiil jjL my k 40il pjL*) 6^i F <Gjuj £« jA L 49 ■ 

? 3.2 A ^ 5IjiUl y jUl j!4l rms oj\S lj| Hz 

.90 V -60Hz Jl>JI^40^F4i*- JlSu«80mH iiU« JL ^ 500 pjli* J-pj 50 ■ 

. LC -Lcjl-fclll y* (wj) j RC icta-vLl y* ( I ) JLgJhil jji JL^jl 
ki . JljjJl jA* Lm J—aC <i*»y 240 mil iJLxi JLLj t 12 jU F JuSn« i 50 Cl pjlii LRC oylj 51 ■ 
pi OfjJI jijJ jl—ull j^jo Jj» V j-3all jLull j_jUl i-jjlj ^ L (I) . 110 V - 60 Hz ijjiD jiu 

V oiljj JLLjj 

110 V - 60 Hz Djji jjuAa £ Jlyll J* 180mil ULm uiLj 20n?*~ J&j 100Cl fJ L u 52 ■ 

. SjjjUl J«0uj ( J ) S ijiljJl J OjjSJl J > LC «uaJI yt jy» (w) . DjJljJI J jUl ( t) 
jJuoaj J_aaj Ljac 3.6 A Sj'oiu IjLyi i 12 V LpV L^liu y* J-rtiji LLlp 0.8 A ojIjI* LLi «jL>j i_IL 53 ■ 
jLllI y-a» lj i> ...> SjjiJI jIjL Lj kill! <5 Um j* L . 60 Hz eJJ v Jj 110 V J.J, j JJ JJyll jLull 

? jjjSlI 


- 830 - 



(jjjiil jluJI jlly ) JjWI 


0)1*11 j ill j j_ jjJ' y> U . 4ju JlyJI jit iLu» UjLiti jiw 12012 UjIjJu 300 mH <uj’a» JJu 54 

v 14412 :jj> 

IjJ jjjlJI j-3 ^jJI IjjJLJI L_yt L> 21012 Aiuj 10012 Jlydl jle LRC syh <u;'Ju jUi 55 

V110 V »jy*J rms Iwi jjyll jLuU j±a*> &L>) 

^l-L. jui 120 V : J’JL'ii >11 rms culSj bjjillJ jj_a< y* JlyJI Ja ^ILj uultj <JIa« Jii> 56 ■ 
. y j i on jyleil ^jlj (v) j Jy»J 1) JJjji. ^ 60 V > JiliH jj 60 V i illiJl 

21-7 ^iJ! 

L (y) ? 0.40 mH L51 *j oil* £* JlyJI Ja *Xy?y j!p 60 Hz sjIjL jaij jj y J**j «_*&♦ i*-< ^ U (i) 57 
? 6/i F <Jlii a* jjjlll .jJj jIp lyj oW y^lkll ilUJl y 
^ U . 720 Hz jjJ j3p ljl> UaJj dji** -uli 5.0 (i F £^> Jli« ^ JlyJI Jfi tilx» JL ^y jup 58 

( ' Jill <JL>j yj 

C * 10 fl F l L * 400 mH < R = 160012 |> iljkj Jljill JU *Lai( Djjlj Ja JJjill jam CjljljlAl jJaj yy 59 I 
* JJjJ juA SjiljJI Ojbw jk L (y) V SjjljJl jyj JJ y y* U (I) 
IjjljJl jj IMaJI 'UjJ oils* jij . 96.5 MHz ±a 4jp|j^ll FM <La> l yA l yilj ^ LRC Bjilj p j>i**J 60 • 
f <2wJl oju» 1»12 jJ^ IpUioJ yufciyi jasil *— yj jk L. 1412 ojlillj 1.44 MH 
LIU* aux*L,\ I3[j 1600 kHz JJ 500 j» jjil ^ ^lj]fl AM oljjyJ BjJIj Jt jam J&» 61 ■ 

. jjijll oIjj Jl jju LLu ji*< Jl> jaIII JH1I uJ <^jU< pjUl jk Uj wjuSJH m JljjJl ji> 4/i H Ujlji* 

<^jJ ^jiJl jy>J rms lii jjjill jlui) jJmm ^ Jl^ll J* 4 mH L‘L>u JLj 3 /iF J&y 3012 pjUu J-»j 62 * 
DjJUl JJ LLutyi Sjjill (_>) i JJjj jjfi jlil jL«ll (y) I BjjljJl aj+-i *y ( • ) ■ 60 V jk 

. jjjjll JJjJ Ju»l JjIjiL jj J A* 

4JUJ JjU 

(y> jlll jlyU rms uj ^li 9.0 V j» ojy*J rms ojl jjjill jl^xU jj-w y* 3.0 n F <3*- JuSL* J-o y LjIc 63 « 
J_»m 0.2 H 4JuIai Jli ci-L» J-^ I3J (y) ? jj-a 1) ij—* ji J*UII jjjiJI yk U ( I). 20.0 mA 

? Jill J^i- jll< jLiH rms y Ui Ju5]i 

rmn 180 V ojy>J rms j 300 Hz My jjjill jLjJJ jam yt 6012 Ijj R lui LRC BjJIj oL>j 64 i» 
j-k U (y) ? ^iill iiUJl JL op jy^ll Jjj U (!) . SjMjJI y*te o* y* j 4 

*.C,L* 

cJLoj y ^LmJI J^L> jlil jL^sJl 4-*ii JjJ-AiJ jk 0.8 H Uj<ji< 131 a» oLjj 65 h 

Uji IjJI J* jlil jlpJI yk Ui. 48V^l yfi lili. 110V-60Hz ^ ojjil^ Uy>Jl 

. Oy i*yiu JJ J*» ijlly 0^ y^ 

jjy ^ o**- JJjJ jlJp OjllJI Ji*i3 j by . 2400 /n Hz Jlj5)l <LaU LRC ojjIj jj y jLu 66 u 

<f ijJljJI y uJy 11UJI L . 912 SjIjL jyw Jjj 1412 #jlji* Jj ?y»!! »jiWI 6.^ iW* 
jjjJJIj 54 V p fj 'jai yj; j+aII 3i j\$y . 120V-60 Hz ; j-sy JlyJI Jp <JLa» lJUj p jl2* Jaj 67 h 
? SjiljJI ji UIaJIj lajlil' j* L* , 16 W j* EjlUl ji 0JJ*il 
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Ben Rabah 



sjU .wj ( >>ji , ojyi 4aUij 4 dcJ^JL <-U1aJI LfJjUj jjJlj ; ijJJ UL»j oU^jil jiSl ^ 

0-* ^JLaII ofi iLai» ol»^bu Jil LiU Li Jk IbLul ^ jJSi ^iy*)U lKljj| ^bj ILjJ yul\ ILL* 

‘ j->l J! J t> U>b (o>L£l) yJI JlbUI lAS.jic £jUI o/ll jIjuUI .Js- . j^Jl JLLiSl jij, Uj» 
j_iJl L^ljilj oLjaJI jKlal iijAll lift rbu (j4 jKj , (jiyil |> yij/lll *ya)\ ;5jLi( UL}Sj JuSy 
. jalSJl £yi)l J*jji jlj J-eJI jb fjk fbK Liai* 'JlK tvj-sj dttJI Ja> jj Ifielbj IdU 

jj : LjJiliill ‘L^l fipj LJj jj J_b L*li* jolyJ lbfj J tjSfijj 5jL) jU v^iill frjil\ dijL»i jij 
<itlill 5)f>Sl fU»U Jjlj . ‘I^jlj *UI <> JS iili tyjl by Owij ol*jll ylbubuJ^ J>ljj yiKI 
. blbSl LJjj JLy jJj dJiy b^* jjIa* ^ jjUl ydl JljLl Ji*j- J] j^uxJl olj*^ b>l>j oijjii* 
o^'jLu ^ l+*j! 5> Jdi ol^Ji; oaL J4 3 ^JuJl cy]| oUj* JMi. ijjJI y^^ JLbSl dL- cJ'ij 
oL>M oLy ^u> i 4y». <+* (> ^bydl i-ljj jv OJ>j ^1 Jybl 

, b>jll Jlj]» jl ljt> £*ti JJj byLUuj yi 

jjl Ja^I £y* jiSl ryoy) Jji yl IjJ ^U3 j>bj jlSty ^b uijjli Ibyb UK i <^ol! jyi ^ Utjiu U15j 

j-jjll jj*e i L« LjWJ 3j i&jj jxJi oLiLa ^Li ^Aj k ud U>a-»l juU . Lj ^ 

i^UI Ji *—•)) ia—L> jiii oljjij ^i>aJJ ^LU jy+1 Jjj ( ( yuu<uJl oUUtf J* oJl ^ 

■ oj o& iiSlj kyj jliii fjmi\ oLyUl 1 

. LJ j-»JI L.U JJj > pijJl ^b U:L> Jt «^Jl IuaL U-.L*J jKJU ijy jJU 

. ibi* o'lljAy jjlijJlj jdJl j-i k ijjK J^i.i o'iUa yJt> J| bljuaHj ol^L>Jlj o^Lw'jH j oltuiij 
f-k _ oUyjill ^ ^ *>> , ' 1 1 * jJJ t JL»JI j_JiJl u-r (jK b tiiLj^KJ^Jl pb J^L> ja ^ pSbjJl jK Ijlj 

jij^AJIj jjUJI j^ijiJl <j~i v» uj^s-' - <iUjjjyj ; 
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j_l!}Ul jyo ju Jujl LujJl Lllli> jj 4_>ljJ 
L»JL> ^ ^Jl oL^jll U i*jll kj^jj JUijj 
jls , ;LU> ji jj_c jbji jljS*l J } U> } ] 3j*>y ^ iQI 
JJ <-K> Aljijj j£« 'i ol>yi i-i&y jl 

ji &UI IHL-ljj j-* J^aJ U$ j[j i ouJI ol^^< 



1 


olj^ kjJi jj £ix*z kiljljl*! j» jkiu OjJl i>y 
j^Sb H ^1 oUjll j* y>l tty JUj» jl L»£ . 

. ( OaJjJI ) CiL^ilj flj*»Jl axi oUjllj *yoi\ ol>j4j 




i^SLfll oli^jll l*Jli* 3 t U l>U> l*Jj 


i-U»y • £jj-^ j-> r^*ie U 4^*1* Jj> 'it)-! J&t lu £jUJl tLaill J}lS. ijliaJl J*»j Jliij^l oLkji! oi» JS ^^JxLJj 
. JJJl lit ji liiJjj Pfoy ol>jll tit <a^Lj oLj-jIt ly ijjSill ol^ll ^lf 


JjwiU oVjLw * bjjtfll ^4 » L*ilj fLuj^ill oVUJI 22-1 


,^*-»*> ^5JuIl*L-rfSl jiLjjill JXj 4j_~J»Li«j^f5Ljl oUyi j^JLi 
£j } jjj . fJAJI oljL*^! p^i J>l (1879 - 1831) J<>JL iipS 

Jyii\ frii ji JJ ) . j-te £-UJI jjill oliu-. j J^Jll 

. JJI il!j ^_l> 4,.i^l^llj <Luj^£)l Jj> lijyu jl5 U <Lii 

ii—<jJ j-J'j <JU)I JjLal Ojil«l ; yi>A .wli)l jyJl J-xui JjJby 

: &Ui J^oili jj Lf« yS 
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( Ol>jll ) jjjiwJlj jiiill J*i)l 


1 


y 



:22—1 JS4 

■ 6-4“^ Jw* s> 
jUi j_jjjill j* tyftij ^ 4Ux41l 
JH-H A ^JoiSl J —j * -11 


jlyj—i'il . jxJix4 jli »yU ^jlj£ jjilij iJLrf tjj>1j 4jL»-i Jj^j 

jj O^LxJI j I hi" sLl^ X j C^j^SJl o’iLxJI jJLmM i j-k oL*4Jl jl 1 jic 
. 4jJU! olixwJl Xi£ 'j^Lua ■UXjll oliXwJl 
4i ..iitiij*ll jj_oj j-» oljLjjJ* jl aS^xiII olixiJl ji L»ji jii-l 2 

, ^wJsliAil jLtJlj ^^fill jliiJI j" iW*ll jj**l jjili 
Juuj i •L_/ljj 'ij LfJ Llju M l <ilii otii> j* 'oaII JLkiJI bjL> jjSii 3 

*: -^l‘»«il ylkj*)ll jlj I iLjLxSl ylla&J J»>J 'i *ii j£ \ju»i lift 

. Lujl^j LJti-i i qjLxu ^'jjl <iyft J*- Uilj 
• j_«jJl £j Oii jrfjwJ jLxi 4uJjj jij+4 J'—x* jJjj ji*j 4 

. /iixil Jbljli jj^li lift L >a>lij 
j*utt J* Jy>5 4-iLiSl L5jlfll oifJ IamJI ji J$ 1) f-fl I j-4 

. jJifi A-wUlj j_4P ^jUl jxLaiil ^ U^-j LuilJI Jjj £o j /Jo Lft jirfSl^j 

. Jjj-iSL liJ iijj** j'^lii' jli*i*Jl 

jij&\ «_il»iJI Jf\jj ( y~u U jftj oU*4D ^L* g\y t^ftljX j^l jAxii- 
jj-Iix4 j-» jj-Su^ li-ft i-Jaill jiLu jlj t j-4* ^LJI J—<#*]! ^ li-jj U5j 
J-i-JI j^-iy . (1 j_£Jj 8JJ_X« iiL-U Lj ,L 4 i 9jL-)'l J j n . ^ ln u j jjljjLu* 
j,uLftjft jji^£ j-*4i Jx> LjlLu ^lixl_/L wild ^JLU jliJ 4^ u^Js 22-1 
jiyi-Q I JL-*-JI j-* a 1 - '^ ** 

li_» ojuij . 22-1 J-S-SJI ^ jj*» k-iLiJl ^lii 4ji>u jjjl ( j£UI) ^Jlu'jll 
iiLul <jj6a *» j-Sa wl-Lj Ji JftUs . d j* I^jS iiLftj iju« . Jl»Jl 

wiLUi jilli Jl 

|iJLici LiS lj_* jl , ^Uu 5_jjLtuJl 4_uki ij+Saj L1*i Ull j*5l t^jisl 

: L»Li 'llljw Ha JLi jl Uj . 22-1 JSuUI J jUl JUJI «l*l! J*>^h 

5jL#ftVj .«f jl5i ^j Ijji JLxJI j#Aill li+Y ji*i J* » 
j*J v i-Uj+SJl ftjjll j-1 A ILijJI Jurf if-yiy jUSil ii»-i J* 
i>a_>j Jfi ^juuli IjJj t Jlj-Jl li* Ja 0^1 j* liiiu l* (ji\ J> »U-jJ UeJ 

. j>i ili>^ 

wtlsiJI JAm JjJ» jb ^ 4x4)1 jli 4jlLuJl UiLi L»jiP 
J»lii» JLx« jjiij ji Ju'il lift jj-iP ^3j . ^,/fSJl JlxJl <*l*c J)l» 
j S*J J_ft » : j_» j^l jjjy tfjJI JljJlj . iix4Jl Jjyi 4il» ^iJI jl^l v_l^ 
. «If A 4ui)l Jic jjill J* j-u1»11a 1I Jb»Jl lifi j.L>^ll 

LJalji i _ r uSj . 4 £l>'511I 9 i_A j-U Llowb jjJu ^>1 ’i’lj-i illi* jl J* 
j_l> JJ »jjj^ Jjyj jituJl liftj , jf^)l j sl»^xi Iwji I *ijll»f)l 
Liil£jL J_» j*Jj5JI j i-j iix4Jl jbj* jfi jj-Ull jLJI umj ^y-^UAft JU< 
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JUJi ULu* y jl,^ j£i 'll <Il> JjwJ jjjibJI ij j ^liaJ 

a -afalw oIlL** j^-Aiil Jl*J< *i aOLw J* » : Djlijuj ? ji^li 


(j) 



. « ? v5_^u olixi JU* j5J |J j]j 

jjjAJ itf 22-2 JLiJl <Ju2l 1I ^y JUu ^oUlw Jlj-Jl la* yU AyL>5Uj 

‘ 1 W^w oli>vi 'll t jp-jDl LjU 


22 2 Jl« jj—^kjJJlj OjUaJl jj_j ^jJ| JjLw'JI j4_ij ilu.>u L^jajy j£jj jjJl 

^jin^J^IE Lt lj|j . j*>yjl j* j>a*J >>Jl p CL; 4JU~ ittLSl l+l*j Jll oUWJl 

^>yjl j* J^j I jif* Xf>j L>i>yjl ULj 


ji - ij-Jl Ij-* jl t Oi-^y^l oi-l oLlx>i yjj jj yj i y> l>|ij t > J^ijfcdAi 
jj Lij_jA« j^ pJ - ji&* JU« ' ‘i^i '* j ji iu'^*! 

. jijji ij* oi Jj^su jis ijjJi oiyi 
b±i JjUI J! ^t-ui n l u llj *0^1 jalji jl J^j-mSU jU 

y$ v K oULki ijj-ijiil B olllx* jl \ijjKt jlS ja9 B jE jJl*Jl 
pj^Aili E o*ili>v» jL yjtji oLi j_n jyL« i jyii'i ij^J JjUj dli* j Sj 
Oj-iiJl jJuj jL Ljuj^JI HU^Jl Lk>j , B c/llLkj kl » L-J jlj all 
*-< > . i - »l nj *-*) Id j->ljVI jLwJI .U jLj ^yii jjj . 

Jy—£U |»U i jju 5I Juaxwj . . U ubuw j jijjSM Jl*JI j^AjJ ^iijJl Jail 

JUjJI *j hJjAj ijjJl i_jy«iSl j-tili A li 4 >Lu Jib. (f)E jj^ill jjjiJI (Jj^jiL 
; A U l>Lu ai jJulll F. JL>aJJ -l I...il Ji ; 20-1 iljUil ^ ^MakUail 
4>e ■ E±A 


^j^lj^'l jLlJI wj_ii y . A i>Lll yLc ojj**Jl E ijSy jk E i hiu> 

: ojj^JI ^ Ojjil jiJl 

a£ 

Id = £o “TT" = €uA —— 

Ai At 

^_J <U—lLaJi 4LiDl 0 «l> y . jojlll ^jA Jiu»ill I2 a oIa>J jl j t ji'jJl dilSjlj 

Id j-« tia-\y> L^l> jJL*j j i.- jl»!i «ll a'l'LxJl ji jt) oajoJl Jjj-iilj jyi 
^ i Iu - Id +1 ^ OiJ^I ^ I j l) ■ I Ij 

, SJ_JUj / JUjlw j» Hju Jjtii juli 

\jrOk} po 4ii» jlf J^0>jl <-iy Jl iiLs'l'b jillyJl AiySl* flo Jlj 
4-iaUyi JoaLilJt •■»> "i I—jJI j —i yjl jl*t i 0 .1 a ii>ll o'ljUib «J ju 

, L Loj ijyju iiiJIj "u^il olL>*ill j< Ijjkp pjfcUi U>1 1'] jjiil Ij* ji-s 

i—uj+S i)l J^—* ^ 0 * " » Uj 

^UniLrfl oJj . j €u jwijj*il joiLijA)! jj&Ljdl oj_I>l L^Jli ■u_J)Uili| 
(Lj'ijUi r-i-V 2Ujj B j E jja ii>*jll ^ O^ljU* jlBil 

OjL-i paj j_C (ol>u ) -ol)lji*l olljUll villj J> Ji*ij <liW 
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( ol>jil) jjjiuJlj ^15)1 J«mJ' 

A_k 4IL U ji - »o* jl _ Jj \_uLf- JJ . cdjUil otyjj . 

«>ji. >,'i'i V Cx*y JM> Jili 3 - ‘U»ubLii 4 jj^i)l ol*jJI j jl 

; o'ijbuU ojjiyi Cf-L.S’1 culjUL iii 

U= I 1 - 

m 

^iku> Ji^ ) jSbJ Jiii J*ilb li« vu .iulS cul^lll iis »-J ji <iu>) 

: <*ij~J I gjjt jlji* uL> jj ( I oui 

V = 1 = 2.998 x 10* mis 

JiAit x 10‘ 7 T.m/A)(8.85 x 1(T 12 C 2 /N.m 2 ) 

icjjJt jSbi (j* * 3 * • c 3* li* jl ji*«*i' j* 

( ol^Jl L-ljJ JUu j gj ) j 5 jil j* 
j—# i^ji jjyj 1 j*j~<Lri 0+“^ i> cw*" *y^ <®y* ji W *j! 

Jl .ill * I, . jU LuLLI J y> Jiy> 5 l* ijaji Jy ^Jj . k “V^ J 

jl jS*i ol*yl jl Lb Uil* v-i-aJ »*-aJI P>L*y <A,ul> ji*ij 

Lyuj y U3 (» 10 1S Hz) ^^11 *-yal\ objjJ jy y» L* Lfy Uj objy <bl iib 
3 ->j* Jij—il* 03 -* jl- v jl <■ 1887 ^Ip ^ yy* j-y*L* J iU l Jl pJLJl j£b 
t 10 H Hz |>* yyJlj objy olj y-uLlii^yS pAfry ^ jl c oly«» yip 

y-Li jjj . ( yi *Ijjl oby ) ipiLAll ol*jil j^'l IfJp jU*J ji)l J*) 
: 3.2 x 10* m/s «o>y If**?* jlji* y —'*) J 3 yy* 

4_1jUI *^1 U jSJLjlll ol>y« tjjJl jl oLi^l - JUxwb - jiii iijj 

. ii>yl yl_jtll ijfiy y-ii jlp 
f-iJI I j* ^ ^ UU>> yjjl VLH\ J! jSl Jyi- 

V^l ? WwJ JaSjJI J! j^W^I J* 1 

4 _jsij J0*j IjJj C UljjJu ipj-u jj^ll jj jlluj jJU\iJI jrf ifl ul . ^ 

. J s r/c »jIjL juj jiAiJl lif< y.U>)ll j^i; t jj-ail j« r iiLa ^1p ^ 

"i ^jbJUl (-LduUl ji jl* l _ i.j j l n li»4 'i’Lxi jJu* lII^j d tJv.Lj J* 2 

ji-ily jjJ^ • {** V 6 j^ 

yiy i>u> cmjj uij. i^-eklwuj^jfSJ' oUyli y-ij ly^u ^3 i-a 5 U u 5 j 3 -S< 
ly^ply- jl Oui> j*3 jjyfcy jl <*#> j* 

. <Jlyli kj jib LlL»aj Lilill 
oL^yj »Ulj OypJl oL>y 5 JJ j 4 IaLljJ jiJI Jii^l J 5 ijjkii 

v y+J 5 jL« JUp j£ fj Uj . obf-^l jib ^yil ajlil jj jjjlypl ^ 1 p jbjSll 

j_* Liyu L»y J->b y--*- j-» Jj £«»* Ull* . . oUjil J: 00^3 U 

^3 03-tf jJj jvy»Jl j^ OjjbJI objujil J*>J ^'JUI ‘l^fJl jjjy . l, 3*-!• 
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( oLvjil) jjjiaJlj JjuJI 


‘Lai jxi JiijJ jill ob»yil iUl> Ji Ui , fU-« gSUu 

Jjj! E Jbfjl jj . obj-jll dJj j4>o SjU Jl j»H\ jU*j gJj » y» 

ijjt iuxl—uj , L*j4> I j&J&i B U_*J?Uaj "iL>j d i » I oij ji&i 

jj-xj £)l , lii»j U*** ji**i E Luj$£ ijjJf JbfJI 

. C Ujlji* ‘LaiJl j*t gJUJl J* ijj-fcjll iilkll jLiuul £4 ^>^ll LjJu JS 
JJjL i J-L*^ i>jl! iiy gli oi>jl! £\y\ JS £# JLaJI jk LSj 

j'j - 1 j^_>JL y> Lj» jjjjJli jiji$ L*,/jJ j^Su Ualij . jj«ail 

; & pj {)» j^L c»wUI 4 jvj*U J Jxllj . J^kil 

A = ^=£ (22-1) 

4j .nU'lliltj^ll At JL -U^jj ^j-zLi 1 jjJ*j J^JuiSL 0*)ljU« g! (*ll> tbil j2i~»l J» 
g-L/il Jj*_ o'JjLu JjLij <U.. K i ' il Sull 4 jmuJL yyv j£*j UlU 

JUu 4jJjuj! JUpS'l £*»>J 

uImJI jilij Jt\o* SjjUII al>jll 22-2 

oL>^ll Jj-£l I_rg_3 j-fi gi'Vlii ..I U OUII r^LuJI Hiib J S\ g*ill 

'fyi fiiil.w . v-^* ^ ^>1 

JJuiJI jL—^ jJt -£*y y US j»L*y g j .>. >a . < J| jluJl Jjju A$-> jitu 
: /’ OjIjJu jjJy Jjiul j^aJI Jjjill jluJl jX*u ^t/Lj . 22-3 

Vjoutcj = Vb xin 2nft 


22 3 Ji*i 

ir*-“ i/*> cA '"J 1 * 1 ^ 

U—P I^V g<J*i JU- V^l 

22-4 JU 

U-itf ^ ^ 

A-Jul. ^ gjS3 J OU« gJIjlH 

I-Jsi jjlii jJUiX# <; kijwuj yljkol *ii jlfi Jl^Jl J| _)I»U yl 

JlLw!)U £-j.O o( Juil jii Jt jfiij jj)l i>>JI UU Jjj 
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( oLjll ) jiljJI J-aiJI 


A hd yf> yllill JUoJl 22-3 JSuiJl JjUjj . jif* jXAt ih^>\y y )Jl 

o'iLvJI 0 JUJ 9 I jJU . 1 —l U I ^_Lf Ok>wJI tujLj ^uj JLJI j[ . 4 it ft § 
JI <-f*j]l c/)ll*jl L*l <! 4_*>w ouiuJl jiljj <Ui Oulfi Ujj> JjLI JJ tf»JI 

JiU» . aJL i— >luJI Li wuli LjA k ijjj i w t fii k~i)jSL>l aii ^ici 

C *jjJl -U_waj vjJaill jjUj £jt> liAXLt L-jil ol» 

JJL_i jj_ij Li Lie ( ^y\yfj\ ) k_iLi!l jll icljl *laa>« iil> ^jj 
- JJL» j_* ojlfP ^jl_j^JI jl o^i IjJ ^pljj JLjJ <k>%4 ojj Jji _jlj. 

CiLLjJl jjLjJj , Jk>l« r y JiZ OjjU ^-<Ij JL ji jjjuU^l jj j*y jxj Jjuj 
JLJI o-« ^kiOj . ^L> o*i j>j |>IL jj jjL jLjJI jjjju Lu»ljj 

. 22-4 J-5LJI ^ Oe-u j-a L*S‘ 1 dj» j-* ^/il JI aL Jill ^^1 
jL" a J-“ d»lij a_L i*Jl j)y £• Cjjj JL>Jl (jLLuj 
jlaJill jl ; Jlj JI k>^jj . jjw-sul yJi> y a jjji jifll j^5l)I JLJI 

jLilll sl_>ul ^_ic L«jIj LliLu jjL . ^j^ill JLJI ojj »j>« . wLjL jjJl 
( 14 11 ^MiIJI ) LcjAjLu O-M ^vfSJI JlxJI O-JH jjSj Jlj jkj . O-jll 

Jbo A>w jJv dlj)'l ik>a ^1 v» jl _L_Ji j*j 

Jj_>oj 1*1 j> 1 22-5 JJLsJl JJ *j*y Jlj jl^Jj JL*» *+}* Jj* I*j>L 
(i) 22-5 JSWI J j#il jJl^fJl Jdi JI, Jt\ JJ «li)'l aJ^ 1 oLLLJl 

ljjjl_4 Ijlu A k>>lLl biilLAll jIa Ax>Ji . LliLii LA sjj A olAw AajJ 

"iLvi jlj jL^jJb ixa>u Jl_>>4 JU* jt Au>j i ^Ij+JI 

vifll ^j^Skll JLJ I jitxu JjUj . (k-j) 22-5 JJJl j^uj LJ ^>S'I *_» ^lu I v»f4 



k. 
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(oLj^l) jjjiuJU ^IDl j*ill 

S . Li/u L*p &* J* x jj>x #■ ji-^ll p Jilu Lr -uJ»Uill JLawJl jjli 

. ‘^1 jJj Jjuj p ^-uWiill JU*JI «l>Jl j|j 4 ji^ jLiJI at*jl 
by^i '-**« ‘ 2 jy** *1-^1 j-* b£t JL>Ji ^> 14 Ijjk yj Ja>^j 
JL^JI jli 22-6 J-iiJl ^ ^.ii) USj.. y j>>JI »L*:I If JL»Jl 
jjj. oU-^ll jLii/l oLjJlj Jl*Jl b* £• ^kUAll 
lit , (liu U*uJ Jj /,5L„3 U^i J) j^LJl J ^uiilyu 

o' c ol*jil Jljbi (> JuoaiL jt. iw oliL» juui liwMj SjjyJJL 

oLLl> K- v OU^Aj* yii 

j^LiJI xSi ^1 ol>^ll JjjJ oUmJI jjj 

b*j .fyUiJbJ op ^i*JI JjJ Jjj jJii Jl ji+j oUxJl J 

>L_viL ^i_nJ L^jJi ( < _U.j ca_Sj*j ) crfjL-J I jl ol_l>vJl oi Jj^r-ull 

. ol_i>Jl y_* ^Lvi^l (iilAjul jlj ( jLLuJl ji j ^jLill jlj UlSj 

fr* i*jj .jjilaj <blj L» |>jL*jjJ p*->> Jtfj-iu jii IjfJj 

. il»j uiyj Ujj* Hi*jj^5J I 

y» 


:2‘2-6 JL: 

iiialt Jl*«!l 4>* (JjS! 



22 1 Jli« 

oL'tyL T ji .*‘t : 'iipjL* ^ (KDKA) ^ itljj J»l JLJ 1^ 

JJj-J jjfi Jjaj" CulSj <*lj| <1 xjm pjji C*ib \±+j> 1920 ^l£ iAj^l iiaOil 
V ik^jl y# >3 jSlI ^UW ^jil J^k)l U . 1.02x 10"Hz #J bL 
: 3 x 10 e m/s iLuJslUil oU^ll ^ 





{ aUyil) Jlj jiliJI J^iJI 



jL_Jii (Jti yfc yfl 

o^>*]i jl#m. ijj*> ^ p-i>*ai 

W Ji>4 ^ 

jl( 


:22-7 jfci 
£b£)|t£lji 

MW* 1 Jl jliill y*>2l Jijl 

. ^u-ivi e‘<> e> j* t> 


sl_# Us!t> ^3 jS Ll-JL A - vlf ji ^Li i JVju«i 
, A = 294mji jun j^yilbj . f- 1.02 x 10* Hz j t> ■ 3 x 10" m/s 
y* L . ix£ (*—i) jlji^Ji ol>^l JjtJl : uyjjii 

. 1.5 x 10* Hz : AjU)II ? 20 cm ^jll l+Jjb W>bAij*S jj } 


4_t..i_iMjjLjj^iJI ol>^jl ^Ijjl 22-H 

Ji^lS’i j_i jo-if ij±j t ji^ii *^lJi j| a>jj 

IjuA J,* .«,’i . 4_Jji LJjlUI jJ ^jJlj Ow ^ iiaLuujj^ill ol>j*l) ( objjiJl ) 
JjJjJLj 4_C»iiil 4 I»^il Jl_j-bSl T-jjjj , 4j ..ijMjjUJj^iJI till—>^|l ijfl jjJl 
4_*Jlxll 3j$_>S'l j_i bj_t JLjd jl L*S . 4 ,wJjJ» »i s*Aj-b) ojISI *\y> jjkll j* 
*lj->i j-S 4_ui*ll o^obUMjjfSJl oL*yi j-c >J..l i ll jiJl oLiii)(j 

I..tilhll ji AjjAu 

ourfUJi j-4 di j~>j xJj . j^'JuutjjSJ* JuhJi 22-7 JSLiJI ^J>y 
l_i 5I *U xij jjLiil j»—LuilSl jl j_> p_sjl i 4ttiiI oL>**l oils JJ iJjLill 
jbjJ Luju sL>Jl jj jljjJ 4_i>jll JljbSl jl ix>^j . Lfw Lji oliill 

jl LiJ , fh * C jji oL>yi y> l 4 juLJLj . jLJl tl»Jl jf oljjjlll 

jiiLj-ii . 10 jjlkJI ((jduji) ijy ji 20 J| J^ju ^LlII ji ^iU jji ul)LII 

. jLkjj lii Ji 

(j*) jlLMII oL>jj 

l$_Jjb Ju^ji jjJI <i>yi J|^I JS ji ^Jukll ji A^SlDUI ol>^il 4ikii j £jj 
pOkiuJj . 10® Hz y*u J] _j1bL 1I hltljjjlll JAi jl . LyLi 1 m j* 
i jb'i ,i~» 'r* . i >ti u> Li i f- 108 MHz j / = 88 MHz j^ ^Jiyi jjii FM 3Vf>’ 
/’a 500 kHz ji jjJi AM jlf> LI , dL ^LkJI jLf» 4iijj 

(in) .^'Jtm 

_l_l_I_I_I_I_I_I_I_I_I_I_I_!_l_i_I— 

10-u 10-1? io-ki 10* 10* |(H I0 J 1 I0 ? W 


1111,11 _ III I_ II 

I0-* II)*' III s 10“ I0 IJ 10'* ID " ID" 10 s 10- 

< (Hz) V 1 
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( 0~uJbljxjjjJlill J^ijl 


(pity J <mUl ^La'iII 
Ji'y-j Lit fUil Ja fl>ol uau 

jj_j j£U Jl jLiU JLuj 

(I) *0>-^ • 0*—K J WUi 

j_» lu-jSfi»j>i (v) »jj-iii 3^ u# 

W**^*d*GHl) 

. f I j_uJl l ' l » l Wic ji..\]| 4^11 

j—* CAtf** yi *>-» lAl^l l>jj 
• ^1/4 



^L> ^ LiljJI obj^Jl Lt/i • 1600 kHz ji 

4_P»juul yrilji*JL/ 4__i>l>Jl 4 iliVil objjlJl ji. .Lj.lVi . FM <iiku 
. «ijj l*i* JJjj olt^kiu) 


( Ajjjji-Jl ) 4ju?j! oL>jil 


It oUD o_o-a 3 (^j|j ) A^StLI ol> w j* . Lfjuvl Jj^ LS _ ol>jli ci* 
olilill Jjj jj L>. tV i -.11 o^L-julll JutjjSLdl jl jlj jljljJl iiiJ 1 ajji 

ojjju oliLi 


ftlIjAxIl _»>J Ol>jll 

j^mJI JylJl <ili ji ijjhll ji i T i V ol>jil Ji* jlu 
‘lj_4>Jl liUll J] ( 3 .UAjJ| »ljA>Jl <J>3 ol^jil utuu y 

ajf I <U>jll JUlaSl jtf jtiu It ajUj , ( Lyjill ‘IjAaJl Cxkj djuiSl ) jijiI typl! 
oL>^il oUl*~i| i-iAjjJj (l^i - lfim — 10 fi in) (|i.) jjjixli olj>y o^l 
jj oj— ij yAUJ ol>jll«i* jl US . SjLsJlj cjljul J5 j» oJ 

J j ->ui . Ij flLn'ul AiSj jjjjiiJl till «Lllj Lu ollujaJI j* Jj-IaJI 

U Ij^-SS IjLf-Jj . ytfLli ^*>Jl JJ jjy X)l^> 43 Uj Ji <ii& 

. riV AjulSlI ^lc « j^l^»J! fLui)ll » p-j'ii jILj 

*-ij\ U xj ■ ■ V jl j4*ll jjjJuj j* -j> Jli* 

. 700 nm j 400 j# j* olii! lj*w> jai 

jjU jiySl ai* li* jltJ J^l j * jiy^l * ^ 

jxJu * _iwLi 22 8 J5 lmJI j^j . _v4>Vl pj J&jjJlj jAmaJI 

. 550 nm ole iuwLt xl l i*i J^u du> 4 ^*11 J«Ul £* cH*ll 

jj-4 ffi j 111 j* ^b^ 11 J^ 1 -* yUaJ ' J ol >^ J* j 511 j! 

. .jiJIjj-i Jill 
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:22 8 JU 


t >al] jjij U j^ii ^wXuaJI ji iajij 
. JljAiS] J3UJI jUi\ 



L»>)ll JljJaSl X> Xju Lji JuLJl i> ArtvJ u jJI jy> yJi iiii* & 

»3—aJI jjLw 0-* »l iA*i) j** 1 ' ii—^ ( if*—'i^ 1 ) 

; Jjpj >J Ji oy>J obLi DtUJ y ( « Jj-Sl 
iijA ji yikji j4 i*j* p ijijii jy oi*yi ^uji i>«i« j| 

SJL.-J ja-ltj ijuyJI <U>uJiijuJI jjj ‘UiVlj . JJ\ (Juki! *ikl 4 J tp 
liu* k sjluJI jjj imAVI U< . u^yil j> ^ f'j> J 

• ~.~. j , (i.'. -H jf) i>»5J i*-i! uyk £* Ljbl^jli A•= 10nm j* yjlii 
y^wikJI jy -UiSl Juk fkuu '; ■■'!; <luu j« <a 5LJI friySll 

(<uluJI 4jLi^l jl) 


i^l J_>b ryj oU^'l 0 -. - yu au» y - jb JiL Uai* 
JlykSlj . ^r*-^! <*-i jj^ 3 i> **0^ 1^* jj* 

. 0.1 nm y>0 j\ t Sj/ 1* Sjj p > jii J> ji u^> 1 +- J °^ 1 ^ 
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JloL ^ ^{jii, I^UIS D^jJl Jiyi 6. null Jt Wt ijO. l*J ^! u4 
. LutjJjJ v_yL»J jj yLUHl JJi*^ L»L> ^ aa^Si jl j«S[ uil 
, jjjJuJlj £>Ul J-aiJ! ^ ^jSI JjK^ Vsj-JI jl tr^! lt‘J' 1 “) 

Ul> 4*ii 


oLtyt J-aU . jMW jit ol>jl! Jl^tl ^^aJl *A*i*ill «j+J 

<_ulildl oljjiuJt jjiOj 10 u m jl SjjJtsly )a J->3 J! ^ 

^jLiJi cLull q» oj'DI ^1 **ify ( Wiill) j 

. Ul> LwiS Ijlj Liljj u^IiaJIj ,>11)1 J«aiJ' »Jiy • Ul» jjL" i> 
±tJi b OH IfJjjbl ^j\jS ol»j< Jaij} JIm i-4W! yi J»>5^ 

oL_>«.jll »i> Ji 0-* f-*jH . 10 15 m ju JJi y* Uj 10* m jk 

y-» ( j-*JU b . ojtil £« 4-ic‘iJ klu> (ft JliW Lfli 'ij <W>bbjj+S 

, v^jil lifJ <Uyjil > T *jlv»Jl iuljjJ wll£!l 


JW 






22-9 

: jJjl lL2N juijjlj JUI Juj 
Jliiil (y) 1 »A«uSI (i) 

, 4ji.jUi«*ll 4 a 


(jl) j£L>}UI ol^a JLijul 22-4 

oL>^l 1 »LajJ^2 LwLu* S_4->i Oj-l! Ai>y ^J^',} o>!)4^ 

Liii (jm fij Jl jifj - ^jlj)l ol>^»- 44SL.5U! oL>jil iji* ^ 

^iJI yin’l l ^Le J jmjj—i Lui *jl[ 5j4>^ «A* >-«$/ y5*bi ^ 

. ■ j m liljj 4 j£Li^UI ol>jll 
M Ifkliillj Lpf i>i *A II jZsJi 

oJmJ tfy* ^Li*J ^Li JLjwJW 1>»WI »j^Jl J»2i) j£* . j-4^ 1 j' 
Jl Li*>j lijj oL*jll ddJ jj ( JUIjVI y~u ) JJ* i> tl>y 
. J>\}4-)\ jH-ji oli*JJl Ja^ J^*JI ji lij*-** (•) 22-9 Jiill 

^JI^JI 4_uLi y-S^J ji. V?->« u>£ y 1 ^ 1 ^ u}* ‘ Ev 6^ ^ 
^ JLkJI *->i* 1 s&*k t j* 

l^j> Awu ijj-aj jilj+JI Ji-f Jlj J! Jjr* 4i *^ 1 ^ 

RLC 5j_ilj jj \'y^> llf> jUl ^i-*i • • i^ 1 j* 

(^li RLC SjllJl oLui ljl» . iJjlfU iil>4 ik-lv ^ 

, ILuuJl »i» r LiyL . 4^1 i»jliJ< JJ y |M uj 3 »jWI 

oL^yi » h-u ^Ju dy> ; IfJ yAA»ul JJjlJI byt/$ jl <t\}\ <J#*4 Jil 
Jtiuj olk»Jl jt jljJaII (ft iijliJi obv^l ui Uy . l«ii JJj^l ^J * 
(yt jjjLall ilijj'i f J>amJ J yt) CH ^ ^1* 4 J* °*/ 

jJ Ji£ll ji 22-9 Jiill Jl OA*j Ijlj . Jaii i#^ 1 ^ 
LLuIl LRC J^b O' I j* ji J| «li). i> \y£* <W> 
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( yliJI J*aiJI 

f r =l/2^ViC C j L i> J£ Jt> UMU fr yuj My Jj*j* yuZ JlyJl jle 
k*J> C yjJu 4ji*j: . jJJUJ ajuui ^jjl jjyJl yjj C j^iU Ju^j 

jLi 4_>jtiiJI o-^il j jJ iu ^IkL" ijlIjJL •LeliJl fr jl ijjLcu Ijli . t^lljJl juJIyti 
^vj JJjA* jLf> jj IAfJ l^udl ; Ojj>ljJI y v±U>,J— ( <4^3 Ij Ijjjil Ijl^I 

Jj <i_l>|jJl bjLi^i! jjjlil jLfj>Jl lit £j-auj , A ^jlili jxt iR 
jy&i L»juPj . Jl^JU'llf jlf> J>lj J>Ijj <k*f^ dj^xSj wif> 

. (jjyJlj jlwll <jj* SftUll y Ijuk iij-a iuL jj*»j jU; ji ji)« IjU »jj*j)i 
sULJj jjy yLt ojjlJl odly j-jjb jp ic Ij^ll oUi** ^ j>J jLl>l jli 
, yijfJi jj j«w yJij j^jJi y SjuwJi oijjyli J£ jlt>Ji J*>* 

j-^uLLAll lyJLx* ■*In ,j\yj Liui <U__uLlliUjj 4 ^Jl kliL^jll ■_«! j<.;j 

^_5 . J,J. j lio-CL-J A_>jl! jjj Jl>JI !jj» jl vii^>J i vjjyjiil 

J-i-iu bj^yjJI <Lx»yi j_* 4ji k»jlM . (k-j) 22-9 JS-ili y <lull5 S^y 
(jl J_>j u—il I ' fl Ij ) lyjjl> (j_i ^_oi>Luu' JUfJI jixji yj klxpy 
J—ojj . ( Lfjbbto^J buJ oik>J IfJLuu-l iJili^i syuaJl yjl_j)l iVf>l 

oLlljll . L^ik joki wLu> RLC iylj J] yiv^Jl b^y y . * i» i -ill -iy>Jl 
UuT <jyjll kju<sJl jl 



o-^ungcs^s;*^ m 

H ij—* 'J 4 * ^ (') lf*» 

•J—Ji Oiii J ^ ^ ku* c*5M 

< j lt i « O'—Jj VjSufi bpw (/* 

< iu&l ijyA y blu 

j j uw^iiii j ik jjkjjj. ifijti 

j-xyii J-jii o—» p > jj 

1 >« ;u j y» 

. Liijs j> uuyui' i> ji y& 


o<J»ij lllj y lu ii»L>jll Ji kJLiiil ^1 Ijll i U J»LuLi j3j 

oljjyll olj ol^jll J <kLJI y ^l» o^lj , jijIjJl jly yp 

p_Uj L£ _ (jjJjll jjyi . l»Lj Ujlu Jo>jLu ALC y\y >_JI v j Ij> 5JUJI 

> JS jjL ji (j« juM ia> Uk jj yll lift JfctJ yJ> 1 / 2/r VZc y U »yiJ . 
Obilj 4_JyJl LiiL>jIlj tlj_t>JI i " i >' oL^jll <Jl> y 1*1 Ij> I yj -0 C j L 
L 4jL>aJlj C 4juJJ Lkj »_jJby ' i ' i > Jl I^ul^ (j j^ I.rf vjj jy* jli c 1 _>*SJ 
jj_* JLi^ Ojj pL>k>l olj oylj <ji OJ15 JyAj y . Iju> 


. UI* Lji* sjU (j* uluo) jl* . Cl*P . ijyll * 
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( ) ijjjiuJIj jjllll JaiJl 


jJIjjJI jj> Uaj £-j~xi SjjJuIl oLlu|}»Jlj ^IjjJI ji u * ' “V i ujw) ol*jil 
, lj> Kfijjt objj i olj iu-ueliAjj^ oL>M iJLuil ^ 4jJ>i*ll 

Clbhjlt <U yJ 22-5 

tL> Juii i ol>j*U olLall j4 j £&Jl lue_ji-l jj • j^l’l 

jJ* Xmm ijjjb . l*iej- -b-^ j*\i j j#*li U^l jk 

4_J}Lu»r uJL> J) c 4jbj& jj Sj* Jj*!l Q+y jilbl W1 J^' t *^ > 

Jmj jill jA Jsii 4 jxho)I oUj«jJ! : jrfjLJl J-mJ* ^ i~>ljJl 

jb USL jfit "J |»—o»J OuJJb j£L *ii l< p-oJ JlLi lf*uw 

.>TjUm 

o*Ji I o-SJj t o*ju v-Ul &•» j>& Jji ‘ ^ &* ij-= 6#** 

y-^lj !i> Jl SiLi^b). JiS Qu/i «ib‘l3 JLiJLfj i#«Jb i5j> j l#-b 
cSy. U;>Nj 4 (4-wJJI ji) vjJ ‘ J 

j^L- Dl> L l!*i ji • Oj-^ 1 j-* o'^ 

iJL> j il of JyJ> 'i UlSIj Jun lj 

Ljlii Jfi JjjuiJ ^ iLjb Ob y jJJau j^L 
^ v UjUL ipjJj_>05 q cbvi lf_J 0 °/* ijill £h* 
juU , iLUl UuLaJl jLt»l dJij Bi OjlJu JI*j £* J^Lu* »M 
: j* u>wJI LfJ ji^Ii jiH »*iJI ji jif j 



vJ>. lf_lt 'Jjj _ JL>Ji jij bSL >-k^l jl J^ill ^j k b *i j ill jj j^lj 
|J j*j , ijW-ull ^1 ijl^iJI ji i>*)b Lbi f 
^Ja U)j*a v 4Aj—u Jj->o! B ‘ill** jj : JUI ^>0Jl Jf ilja i 

. F a qv B± Ujlji* oyj L^jic yy~> tj UJjju <b>vli IjJ J» Jbfjl i>y»» 

jjlijl» 4 jwI> Jjj : j^U*j 

Lj^jVl«jSJI jlL rjl> ‘t£> j* iJL*4< ji>Sl j*aJI J^> UU cJii iJ 

oIaju jiSL Jjjj Jjiu J-«UJ jl** ^SJL-'i ^^ 

k oitli oljLo> j> ojjL- 5 oiLw'il oljli] oi J»l£»T)l IjJU 3 o«#iiJl 
ji 'ij« jJf j ^ »tki i};L ^ ^ jiS J>liill j* fjill li> ji j* ^ 
jy*j Ojii i->y <u LLJjil o'iLxJlj JliJl fJU Jl*< ji i^o>Jl alililflll 
jll>J bui^l oUi^v jy° i> ijyo p^3 obbfll je A»J*JI 
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^Uj J! Jt-X L»S i Uj* J iijlfi '<#$6 pH J| t *y£j£]l - jay *iJI 4»j J* 4*jilj *1 ^kII 

^jM 1 jj *U»JI oL^i, cjyi y*Jj J Jj . i^l pljftl <#££ pl^-i jj*j Jt ijiLil j* UjSi 
O jlJl oLijSu IfoJ y*»j-iQ Lr JI <*La]I yjb«lJ' b* *il>«ill IjUjJI >i£j »jjU( i^jUJI p_pJI j* L» wx»wj 
• ^JUI oLuJii |»L*Ji SjUI j4 ijM £ oL«5 li^oli lj* y*Hl { y*} IuSIjJI 

by-tk *00 y-» X->lj jAj i k *}u p*J Jj> jjJu I LjLi k-jii y£j£ Ji. oLjhJl y« ij^j i>J ’ilj ylJI LJj 

'll SLpOl (^l <^_L yi *->lijll y* jj& J <a# *yi y$j . yj£JI ^ s OjH iJl» ju bo>lj ^ ^jJl ; Ui^» ^y pH 

jijil jy 

JIaI^I J* . iyjl iH> Jlli iiU jxJ Jj XLtjj lxJy*u l»l i 4*5 jj lL> iu>i Ji gj LJJ p*J yjji oj 
y* *1*^1 i-^)*' jj f J-Hyj J-iJ' J«o jl3l oliLII 8 j* JJi j Ji> LSuu (jfii oljLiaw 
o' u*S^ o-**i • U*JL> oUJl i JJbdl p_Jf ji (iJjjjjfull) *j5lLi^UI ol»jll L»j)jii> pljHiuJ 
Hi> J! 0_jilall Jjf»JU UUi yJli« y>\ £*kll* li*J ljuy*u ju iH l5* ^ lyJ yJ-1 y£j£< 

, <1 8Jj*Jl fj <«_ij3l J| <L>j <>u-J! olil S>Ull oUsJl Jj\y j<Sl --Jk~j 

jLiw'lll Jil-Ij CuLd IjJ | i+l> iL^t |J IjUi ^J>| pyrb y JJfyj LuU l»jiu 5L> JLa Ijl i jjj 
jLI; ’ij jSi o"ilL>j jj BjJLiSj >±1 y>* JLiA cul£ jl» . U5 ^Sl Jj <LoJl ^ _JjuJ |J Uit f i&u 
j* ky <*y Jl*»j! J* iiJL tLJI o' <"1^11*1^- ^k»«i oil : j-o 4_L^i 

S-^UU Uil> j£j Jzki'l * jLii» 0* • i ^ oljljyJU jJj u y*l JjiS'il J«JI ^£1^ 

ijy J-Aij \jJ>y *i’j j^JJl jj i>b |J ojJUi oliju oljLi^l LaJU oIom ^ ±*i 1 Uj jjJ 
*Jyi) . pJLJ* ji c^Li' y LlUw J) ol^iill JbiwUJ ^ cIajkJI oiju J« o^LJl 

, jU^Ji o« by *'•** 0* ^ 

j- 1 jj Jj ^ 0-*v I-«j IjJ <i>Ui)l <JJaJI <iiy <j\1li y ^^>15jLa> o« oljLij bfi±") 

0 ? Ul>j 0>j J* » : ^fll Jl^Jl 1-uia- bjb'j/l JO* Ji« JLIOSI Jj>y* jj , i^lyJI gfi jP ytfi I y» j jLutf ij>JI 

I D^jIj jl « lSal5vl> » i/llu ,»v>uJl faj Joa,; j^iJl jUill jtL jjiu-, C/Uy*!! Ul 

J-^ t 5-« 1 lS j-ll *J^' J-j^' j* LuIam 0 ! ■ i5^ £jL> v'dj jjji j ^1p jIa 

, yjl»dl si* *|jl ^Ib JS I ljJ_j <L«ii Lu Bjlil ji£i oiiLi S'~ t-,l JjiJ ^ . jk’ i»I 'fy , ^yolj J5ui/ JLu1i , I 
j-n UjA; U u_Jii , ySSl jk'l Jsk Lw>i* <iJl>JI oljj^ t^uJJI i »j£ji! lu . L^Ij Coj>I jiJj 
ifA* ^_} ^L^£JI iul^JI jil jjy Jj , « dljj*- * j"* 6 ^ J-s> 0* lW«si y k ol^j l j3£J'5ll 

> 'ili/ tr »lj yAAiaS *l^*JI j'*-'* JJ ojj ‘ ( iiJiil L^jJji£dL o^lLa;>U o^ 1 *^i!j ) MIT 
i JjlijU ^ yvjji yi ^ li jljJlj ciLyii Jj . J>£ tyj>y ‘l^JLII j*3l . j» ul; 
0J Id y\> L» JJj j! IjJ viju> AjUJJ buJj llxu 4 ujujI£I ^juL> -UjUjAIJI pjUl luljJ klul£ Jj , pUil 
(jj'l k-/jL»oJl y_* LiMJfcUJ ^j-jl-Jl IjJw jlj-tSl jl Dj3A»£ UUwjl ^UJj . i»jilU yj5ul jl£j yjl*J ‘IjJJ-j i?-jJ 
j-* jV*' S-a/liJl pjAuJI (jy Jj^j b* • jJ>dl J« 1 j*) J>lj iy> 

0^'j-j LiojidJ J) 0_al£Jl illjjJI C/'ll^l yu£j< jij oL/jJjjJljj yu£l <UwL J**i ^ill ( ytbkjl ) objSLujjSyi 

ijllaj b* 'il^JI j»j bifjl y* j^JsJbj . yjjJl iilL* oljj y« L * uX>llj { Ljuj>2ujI y* ) 

. (8ETI) uijSl Ijfll 
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( «,l Ol>jJI ) jjyiuJlj jiUJl JifliJI 

■ |/*i ji S*** j$> '-r L *> i}f*i o* l^uS Ijjj V^° £uiJ jJ] 

j-*.lk Ju/U fj-il UoiCj , ^i i»pj OApi jjS li> JuU,} LU1) jA, jxyUjMJl £**>* ji J>! cJS ub 
• " 0/iUJI» o^ 1 ^ 1 p* jilj-ill J—u J-aii ji liA> I iLyt jj^ 'i jjj * j£ii» jjj xJ 

‘UljiiJ 1 Jfi uy 0* ;pS'l ji odk dU&*« ‘UJ i**S J ny L. lli'ili j£ jJ Ij| ; ul'jJl OpJJI »lju| J JJjji ^ 
‘kjs^ 1 Jy*i fyi jS! «ill jIjpJ pl»pl jj£i- Ip] . ♦LjJll J 


i JLxJl j<jJu Lpjl jl i dp Ffq oliill 40>j jk i^Jll SyJl ji Lj 

: JljJI J>jJI jJU li* itlpj Jpj jl Uiiui 

oli JLxJlLpLi j_lt Lijpc v Ujloi* B j~ul»lJuu Jlx* Uok 

4 Joii -upi 'Sip jly_ 


E = vB 


( 22 - 2 ) 



. l&y^j ji)l UUl j 

UUi ‘ 22-10 Jiill ji OLuil ilUJl Iko Ijjk r J>y jSfy 

Upw jDU>o dJiv L*J»j . jpll oUfO'il jj V UjlJU U>jp jjsliiil 
. B j_» LSpii li—>i l »(la* 'iLp <ukUI ji* jj IUjJ jl jl 4 j-djli*ll JUJI 
^ oki-~J u* . E ■ vB jjljiij kJLtw* A Jjl« kJLu ji i>^ ^ j»j 
. "iiuJl Jib Jl j^5j £ eL>Ji jl ol# 


j —a jJLJI j—Jjaiil JLxJl ji jil.- JI J'Jljl^Ul li* ip j* iXu> 

^) r ^ ^ J ^ jSLI JLJ 

j_J»l J—I ( 4pdA <—j-.juia*il jLpJl 4-Otyi dy»J ^ » <*(*4 iiii 

K.rfiswgJWJJjK, 

. i iL a l l Jlp*!! j* u! • ^ fi JLxi jJ^j jic bjli , JjAjJ 





•/' 




.41 

* 

i- + 


^UU Up ipuj J] M 

jlj . 22-11 JdiiJl jJ jpxt y> US 4i*wJI jiiuu* Mj J> liL slLjJ ji 

i>pU> itj—( u^-ii jft l (/ IftjljUU ity-u aLpjl ji jpjl JyftOf JU 1 
jp > » J i ill-J l ji ulvj . F uL u l> jpt dj— > . u jJlj <it jjLJl jjy^SJI alpJl 
jJL-i J-U jjJl 4i»jJl <u*5 Uuk Ijl 4jlji* jjJUJ i sJUUl JJaj Ijlii J5uiu Jill 
jjJ ) UljLi sjl> 3 ji p kjlJU uxi JUL ji Ljji bli i^iyi Lilli j P 
J-.Jill jj UlUjiowl jJl A j4 ”ijj OaJJI ukiJl oliill jt yjUAiU p lUjiw 


22 11 , (^j-^^Ll J_jJJl jic il'llJJ ^jijLiil A jijll u u^Jll uil ji> y<jUl 

ij—ii dj frutl jjiJuS dLJt J»Xj 




i vt »jji j*3 j* P JiiJU i5jJl iLLJI Ji jij 


. ASy>J( ji jSJj A diijl ok U> u Akw ! *J} 1 
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( ol*jll) jj>*JI) jiUJI J-oiJi 




P <LuLJL JjUI rtjLk-lli 
jjAl-il j*}ll 


pvt . 


. pv y* Jj»iill j^kJul dLJI iliio jjjl jIjJu jl tit 
JLx*j Lbl>j jjJL <Jj_>yiII jJLJli iLJjj t lj MLxi ^uj jLijI jl jU 
jj i_xi«fljl ^jli Jl OJLjj JUlf JL>JI ll» jt oLwl dip ) 

J l wj^ UaII J-*JI jl yJit >—illll JjJJl jj li-ijd JJj , ( dLJl Uiyi Aiiuil 
IjLi. (19-9 DjUll) D — pull2/0' y* ^JLUa J^jl? dL» ji yn l jl^ii iL+u ^jJI 
»J> P UaiiJI die J -J A l u ll JLfcdl ji ljj>y i ii*ljl ULxll jle Ouiil! 3d* liuLJs 


B _Popv 

2 nr 


(22-3) 


P <LLJI die i 1 l. l . J I JL>JL < > mil eidluj j^il Ji'lij 

J* dadJl jJjuii Jjjt ; fJu-a jlL Jl*JI jl (16-7) <ldUl! ji pLw 


K 


P 

2nq,r 


(22-4) 


j_» p jS’l j «l i ,i . 8.85 x 10" 12 C 2 /N.m 2 Ujldiij £IJUI <u>U-< j* Co iiu> 

j& OyujJlj (22-4) j (22-3) jjlJdUl 

P-C opovK (22-5) 

: <A;UI <jbUJL IJdUll a!* iijlL jiw« 

J3 = — (22-6) 

v 


. JpOU jMkJblDu JbvJ CudJl^ J*3 j* Lfsjle UJLa> ji'l 

> * i ■ >; j>.._>..i.j dL d^>jj «iu> ld> LaL> <UL» yxjjj 3d* ji ji jicj 
xiy <Sy*L\ oLl x JI j| . Lj&jyj ill> Ifil ^l| . L-dli/u iibsi dJ^_> 
, Liilj l$JU J^KU JlxiJ iuy* A » jp iS^kdil old**—Jl jSJj t L-dldii 

Jl>d)l <£j> Jl beul jl j^*i Cilix^JI 15j> DdJy (5dll j-juLLaII JidsjJl^ 
: 4*IU)I £>*> ji li» J*) 

'i'Lxi dl^j i JlxilllsJii jie jj^iC n LsjIdL «-i jhxJl E jjj-jdJl JLkJi 
j^l <ei*dJ.I ji B = tupiivE jljldii 

j-jdlyu ,r^lj j i , j M »*» jLka <_j vf-L jdJI 22-6 JiiJl Jj j^ll d*J 
llji d>L)Jj v L»jldii <Pj—jLidlfl Is—> jldiib j^lxJI ^jjjj . jj|y» Usu»l^ 
jlJj dJ> IdJjf-S dJ*j 4d{ «Laill jf U daij jii j*j *At j-ubliall JLktiil 
tr Ldj -i.^1 t_* yj jjl^Ji ji /.iajJ l JLkJI jli JUL» 4dJJi 

LwdLdi ‘Jbkvi wild* dljij <Uuli 
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( oUjll ) ytiJI JJJI 

Jl>Jl jl oJjJ 22 6 J-iJl Ojj-flu jill uiijil y ou \xii dJI 
Jb ■ Jb»JI 5jJ>t (iill yrfill JUJI il»J j& iiJ ^]i 

J j—!• (j-jtUill JUJI objjl jJu <J jjl ^ ,ut>li»H JLxJli k JJj ojU 
j-J^b j* 1 ^ 1 oU J>ui J] J*J ij+Jj dydi yj+sii Juji 

L^^II Uj> tUii >iJl JfUw jJ y jlj^M J jjJ^U 1 

• ^Jjiu Oil J! <Syj lU/JI (j* Upj . *U*JI J^> 
L*i« JS 4 ^»Uajj^ l*y, y j-utliiilj y^)l>jl yl jijjjl 
j 22-5 jjaIjUJI i j-i J_i jJaJ li-» JUj , «Lc*ll J}U JU^ll 1 5^> iU)i y'jl 
< jS <*^k)l Ua^Jji jl xi'i E j B gji dJii ^/il ^1$ |j(^ , l»yi 22-6 
jjj . ‘.^Ji L» B j E ukwliill 'Jjli j * jjjJjliul 

touou - - 
v 

‘ lT* * « -»■*!»I *>jil it-j* yj . v <*ii j[*i) <JjU 1I tin J>j» 

oi J>j 

v = -J= = 2.998 x 10* m/s (22-7) 

Wo 

22-1 |u-iiJl y Lii-ojj 3^— 1 Jy—«£U Lf J U J-«a> yll < 4 ^JI ijAt ,J>t 

: (^l J*i ‘-til* ^)j[ ^ii' ii.i i j 
k c = 2.998 x 10 8 iWb <UjJL £lyJl Jit* oUJl J5 JSiu 

u^uLLIAjjij^Ji •o-JI jy° a>I »jJI jli 
l>y y 1? )B oiWI U^jJaaj 22 6 <JjU 1I jlJ *y>y& UjkJj 
: gjfll JiU Jiiii 
E«cB (22-8) 


22-1 Jl^ 


ji-MJ ^^fSUl j(j ‘Laill j ibuu yi- It v-djowjj^S J4j" LO 

E = Eo sin 2nft 

? i>**l sa* j-oJjliiil Jiao)I <Uw jM U , Eo - 0.0042 V/ra ^u> 


1 


l ^ jrtU’ i* JVoU 

y i>yi y i>J -j9Uiii Juji i)jU* y u. jiy* 

Jk-Ljl j-3 jj-ittu jbyLp jJUJI ji Jjv-tilj Ujlai J-aill J*J| v-ojl ! ijl>Vl 
jli Ij^Jj . i>4' jJ-cu \ju£ jjuj <LL iit 
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( ) jjyAaJlj jilUl Jtfiil 

D = Bo sin 2 nf 't 

V v-uLUajj^ ^ R j E Jli* Jj>j Jfj* 

Elc = R pi : 4jl*Vl 

. Bo j Eo Jt*-* IIL> ji E/c = B *S>U)I t iLLiSL*Jtj J»Ji 

Bo = °- QQ42V/m - 1.4x 10' 11 T 
3x10 s m/s 

B Jl»Jl jlji* jKi» jj . <ju^»LL* jI <>yl j_uLlu»ll JLkJ! ULo jjj 

- »ll U—uLliill kii'5lL*w»Jl yi ^ j-ulyll *—u~Jl y ^AoJsljjLojyfSJI oVL^jJI jj 
■ l+j £*) Jd I SjiAJl ji Iaxaj y£w |(J 

, >11 J o*Ji yJl oL>yi Ow» ol*J| J*U 


22-2 Jlfc 

<->>il :1 j» j_« LjjIcj . 5 x 10* Hz Ujj y jl5 .JjLJI JLlil J i>jll yi jiyH 
J.j.j j-^bUAil Jb»JI j,li (s_i) 22-9 JliJl ,>ullS jxt, 

j— ul»li*il JL»Jl £_* aiLbjuj 25 cm 2 4o»L«o 3 jl_>(* ii) ojynllj . SjyJI y 
? OjjaJI ^ji <l >u ..J1 I J J j J •Ua_i^lll -UaJl y l« , i>ull 


i yJVjCLu#! 


V J.j.J JjUty jjJI U< u L : 

. / <»J i jljljli y^li 4jJ ; 4 jI>VI 

? Ijifll la# LfjJiiJj ^iJI oLjinll j* L : JI^j 

jj) cm! = AO^j / Ai £jl ^_Le ( 20-3 UjUII ) jljlyLi y^3(5 y*!,! 
y* Lk*J S__»l ji yj^ill jli Ij^Jj . B ^ sit'jut 5j*JI l>Lu ilUJI tj* 
j ( l >8 - (AB)A yli cull jljit A yl U>j . <I >0 - BA 


cmf = 


A£> 

At 


A 


\ yjuill jjJo Jjju 4_ea3 yjj A ji x Ul U^S . Jljw 
^ i.ijlilijul JLxJl ji • , 22—1 JLlil y_t R Pi,-) ^lc LiLm> jil ; <uL>VI 

JSi lull y»UJ AB/At yl y 4 ^1-ji . 3jJJ 1/4 J^L> j/L^JI Jj Btt jtf Jjjjy 
Lull tjLlfib ■dn-»yilI Al.J.j JlZ Aj k' uJ all 111 j^iill tjji 


, SjjJ i>j yl /"= 5 x 10* Hz jjyiJl ujS > > !»“ )■■) i JlU/lj J?Ji 


T 1 1 

4 4/ 4(5x10® s’ 1 ) 


= 5xl0-» o s 
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( Ol>yi ) jiljJ) Jaill 


y» Juajjl OjjiJl ojj> J}1> D jJO Jjuu 


A D ... Bp-0 , 1.4x10 ll T 
M ~ 774 5x10 10 s 


2.8 x 10* T/s 


fA Ux-jUl jJ.J.jj 

wiilf-^A^ (2.8x lO-*T/s)(25x 10'<m*) = 7.0x 10-6y 

at 


‘U^Lgwj^AJI oL>^lb 5J1WI 22-6 


L*> jxijJL»a j_< oL>yi jl Ijjji jil 

J-a>J jl ol>jlli IjJ . oLL jL*l>y j^b>sjl j|jj> jl£ Li) 

j-isj i v Au v j« <L«jLaJI u^LLuj^fSJl oU^ij (UUl jti oll» 

jLjijiJj Jl—/j| 4 _Lx» Ife jjJI . jjjJJ -sjj^Ul oluuL oL'Ul jj3« 
fyu LitJ . UujJ j^jjLlill sjf>l Jl o^allj Sj^a'I J *»y ji)l OlAJl J*xi . tjfy 
J t i>w 4 -lLc -Lui—j i L La—. J| 1! villi ulkll jljii w./I—>J 

JLx» j_* ^»>jvJI sj>ji ^3 Ojixll oWl ji 17 12 pJUl y> jSU Ijji sl!Li7 
lilLil jl 20-7 p-i)l ^ LxAjI llll l»i . ■! CoE 2 ,j a jjjiJl ji E jjluii jtjjS 
—3 jl il ULaJ B' 1 12 fill —A B 9jlJUU __.yl/ljJU Jl>J jj »jj>0\ll 0J>j J ‘UjjAJ 

:22 12 J£*i 

a*yl\ L> jA Act »jUu ^ ^ S* 15 i>Ll1 bl • lM j Oe^ 1 i> 

. # tjjL <>jy» t ./ Ljjiji, liL-j JJHI Lij>Jl jl dju>« . c (^o!l Itj-u jj«JI J| JiliJj A jj 

oj-A jj JjjuJl jji_>^ L>jll J»l> j> c/ Ujlji* <3La jlj 1 <JajJl Ojiill J^l> 
J-A t Lkjlji* Oaj jjii ^ J*i-Jl jjji*M <Uj»Jl jjSy ^ j*j . ijlill 
. JSLJI Jjyi J| bj«il jij Acf 



tjiJI -uuj]? : J) oto 

Li—-Lk>| jl . 3j. _ i-J. jJ 3j'jl l_»jisi ji jtSj Jij Jj 4maI k Ij-ilv* Ljj jjuU ^l!| iplijjiJl ^Alyjl jail jj <oa-'l j/uLaj 
jl Jj^Ul ^ f >jjb ytt jjJl l*>'i jJi 3jjjj jjjj Lw iuxJI JIaJI jJ« ^k>j Ji-j <3jAjj Ljuj jjul ‘jLl 

^Jjll . 4,/^jJI oljl^jJl J) jy£dl k>s-iS3 ji j^Jsu *^iJl jl>j , jjjJlj il>Ul pL>S’lj jUU j t jMJ 

■La. m1i lb y«->M ji ^ i K i-j.i *) Lui ji , <—iij iy .all i-ijj ^jji' i . J Lul *111 >L-^I *JJj U £UJ JjJl fA tLoIl jl jj 

j-i f w t-A pi o l i. j . ■i. J sll j-j jLy j—» jj£j fA J»j f »jlll jj ty jj j^Sli Jjjjl . jLift JSuL ‘^All 

j| ? ,y^jei l 5J llliX cd b p--> «j>^ jaIa! LjySj V If/ Jjulj j^JI <UjJI ^a Lj V oUjl> jl oLjjiJ : 
ii/jLjJl p^UJl ‘Jj JJ _^Jjl jaSlO Jam lill£ jUjAlii ; «*aJI **Jjj Ojjll lfJil> jj ^jJI <uLmJI jj 5l£ 

. ibi- JjjIj 











( cjL>_jJI ) jjjixllj jjl3JI JjsaJI 


o'JLu ‘Ujjil yl j-Lf JIaJ^I pjj . jit ^Ul jjiJl ’^Lf3 Jjl*j oLjjJI <kJw j^oJI yj£ <J*t ffr* p JJ 

^SjLaJIjJI JJiJl pJL: .j jit . <u5uJiJl jit UUl pj-oJl Sjj-e ydl ojj 1 pLi lijklJ ^xll aJjaJI 

. 5_#y»JL dJj oLuL Li J/w Jjj JJJ*j lf»i _ <Jt> By^S oilS y|j 1 <Uy- yl <5LI> . jjjjJ y-fllw *»j - 

jl O-JU xij . y_tjj IfJji J«a> jjJI J-S^l <Axli)l yt <5tLL yij-lt> j>Lt jdi ‘wall Ifj-J <JL>JI 4 _ua)I ilulS j(j 
jw-Jl j^t XjjjtJl jt£) ? L ?jjt yt oL>jt yt p' oLu> yt jLj jd jtSuL J*j V J® U yb rjj** 4lj~» '~ A *~ 9 ' 

. yXrfiliull yAjlyll yti* y* Li ' ■ « "? ijdd£ tljl 

jA—5Lit yAtj^Ju J[ <tli <x»L yt jlxLL-all yli* uJSu , i>yt ■ui^j pJ-*> <*& JjJLI j» L ^ji yAXAJ U^j 

i^_J ji ji LJLt Lui jj£i j! L| Lpl ^Lv! Lt i L <kxl ^ h±>* jfii L 5jU olt j-aJ li , Ijoil >iu> yt 

UrfLit <Sj> JJW Ifili - j»*}l v-uUJl jit - obfcjll Li , djjl»m Ifj'i'ij l+lu»J Jii'oti j& pj jjj Oj jk» jjo> 

, l^JLitt <>jtil iu-oL* ^-*£J_j fj-ej*t Bjjo*a ca-J j*) >■ c>-jll <iw ^t i>^l oils jkuUJj . ija$ oliLu jtt oic 
jiij J*yJ Lj'Jl 5 jL <J v y*Jj jL> Jy** ‘Laill y"* 1 ^ ; J f) 

Ll , ituJl*4 J»tk> ^ ^IjiJl lW> jilti iti 3jJ g±u-dj3 v-wl^JI ji4 1 ol|Lj~J»Jl LI , oljljiA'll' 
jpili oLimiv'i j-j jij . &UJI Jl $)i> «ij4 t <jjjL»JL jiib ji Lfok ^ *i iaip-ill 

xjy yx-> 3j_5 oj_kjii jjJI aLto^l yJL y »Ty» ^ ^ ^L u . < i>5L( Jtya fb*L \S l ~j 4 |ji5l ol>j^l jH 4 y»l£*i“il 

jjLl oLju 3> ^Ll-> (>t tj_ijl oL-.iJ>- jJjll yil>0dl <jl ji4 yt^A5 »y~J JA3 jLAj'll 1 Li i L yt 
^ j_>? Jl j_« JJLijj Ltjit #LsfJ*lli jo*i y> jLfu'ilj ) , sjtil Jib o l ti.t fr ll JJj jLt iiili^JI 
t>j MWJ*JI JjCto Lt ijlil LjuaJI &£*d *J$Jd OjLj^ c ^l j* <iilj jjiy 

tiilx< i)iyi olj olu-y JL* jL 4*i iilixt ~£m iiLiil yiyS’l yi iLLL> Li ^LJl jl* plill JmaJI 

l*JiS J ojLiij 

L>ja jjkj jj» . (j-oil SfJLlll (1695 1629) U**» y>* pJLc £L» Ji 

Jj'llj <Ll yfL ^ *wJI jji 1 1 jd^}> *51 LJ t >^ Ly aJ) Lojjill JJt» yfcJI yt <51 

ijuu y*i ) b— jL» lyj-ii fLo jij . iiiUyaJI (> &jL; jLp Ai^iit y LS ol*i-^ l l pjLxi <»yu ctilill ^ 
Jt -03 dJjjj ; j>lj>JI ujl^> y*; oUiJ yt LjLilil itt oL^^ll JiLJ ( y*j* 
JLLi ySj pJj . yJj^5 ^3*5) k-yi Jj <!*>•> jLc «_^l y-Ll jL*S5')ll jL>^* <^yb5 o^-j jij 

ji jJt , yAX—dliull yXUyti)l ytt jLl^'llI L5 ja 4 yW ^lu>J <iULi SjL j) ^yai\ itj* ytLiJ - - i>Lt 

3j^jbj yjyi iUt-J ljl»5 jit ytlill yyill J>t> jL ^jJl p oL»^. > lJ yj^y ^j^«5 
pyiJI ) KiytG jij 1 ‘ 3 -jJJ yi-jLill yA>jptjJJ p—1> yL*>' Jjl 1804 pL> 0 *^? 6 ‘^yj^ flWl pjj pi 
yxi>_pt ^JJui ^Ufj ULi J5 Lm gjy lj *J-#5I itii Usui l&i yl yi*,! ‘_^»5 yxJaii oi^tdu ^1 L*L r-£\ ( 24-3 
y y yLli yLj . o1a-J| J->Ij 5 <-,H?l> LfJ OuJ oLa~jJI yi Ltt . yi^yi J>'ji O* 

. Kfry y<3lj> - J*i!L - «jaU yl oltil 

UL^jy JJytjj yjLxt>«i y* j—ij* jlbjj pLi Ljup lib jit U*> yi jju ‘ill l+y Jyi*j pJ i>LLJl oi» yl J» 
ol_t>yll Jj jjt Jj . <-j yjllju) o'j»-j 4 y4 OjLf tjjJl yi Jijj <J Cd>jH\ Jj . jLjJ 
. oLi*-.»H rjjti (iy>S'l ytfjLi olli>iLll Ji oil^ Jj . . (1815 - 1808) AytlJxJ y i*i »jJl yi >tUM ^1 
»l^[ (y jai ji)l jlL ly^ij . 4jL-<!A£!l OytilJ IL 1 » yUJi-'il <<-jL> L^J yJ oLa-*»JI <ty» y^ 
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(ot>jll ) jjlill JaAII 

( j—J l - wJjJJI lit OjJ jjj , ‘I jjjJI j2 * jjjl jj Jj| <> >_Jl lit jl .!> j • *-Ul yl *■ jjJl 4£ y-J 0 *-UU wLllj 

, jLoSlS^II jjJmJU) <U>V ji>a* Ojk) . SjiL* oL^JvJu yj yjj r jjJ ytfjllO 

^ Ijjt jl <-<\ All 4_^>jl ouaLIL oi>L>i ^JJl >1 jl l^loll> jli jii iljSl clt Ji jlj 

jj« v oL*jll J-*»j ^yj JUa sjU "i <iu> ^Ijill Jji> »j«tfJl JiJy uu6 » . yj yli Jlj* JU» JJi jii <■ £ii>j 
j-i Lj-iljill jtjA LijLu oi CJIj Cdjll ^ Jiij Mij olaiJ ILL* jlfil Jo-ijJl jjij ji > ilkij ‘ jjJJ if ^J| 

jj>-jil Jj^J Ijijlj j^iH j> <rjjj]l ‘jUJI *U&U t> vl>^)l pJ» . 

^/'ilLaJI y_C 4jjjkl J^L> y_a jjiSl JljJl lj* <Ul»)ll |>JJ jjil j* Jjj-i5L jli >. J-oill li* ^ Lij 
■Ui "'LLii Uj^ Jiiu ^Jl 4», oL^jJJ Jali uUU j Lw o j 1*5 sjifil <*«iJ>Lillj infill 

j_i)l ^ k»j)l <ii)3 y^l^> jlj . Ijj>ja jfii jlj Jl fl ( jJJ^I J Jli| ) Uwj Jli* yl jUjSl jj twli Jl jt 'i jli oilj 
Lf-J n I>.«ll jjJ'j'l y-Z yij’i’l Xtj-J jj_«j jl (Id) jjitJl CrLluLu jj jj ,| K )L Jjl> Jij , ‘woJJ ulkil 4 AjmJI jjaO 
j)jJ lljjp j^Sl 4^1*) ^ otfU J jJlj ‘jjjl ^ jjill y*lJ0 ( 2(5-1 p-i)l ) OySiwI jjJ* JiljiJl y'*> ! i« ^laisi-»U 
jjj ji L-uL jl Jjy ftJlcLaj «A ^ki~u |J 4jilj , jf-li lj-< Ji *ji j j .d ^ la i i j^bwl ^4 uUjj Ujljj Jilj 
36 mi/s 4-tj aJuIl jjJil jj-uuJ 4_J15 ■u_.!_*> Ij jLS u-jjjJ J>Iju!I yol^iit jl j* ^yll < ( ^ll *>^w 
jjJUl Ijw Ij-S*j . ipU^I jJLc sy+y yi ^ jui I ji ^Uli-.l Jl jAuL^iiJl *Li>!l »i» c«4. i j 
JL*4 j-* jj-tu *—jjU yt <L>jj y tj-aJl jij . “i-^l ‘J-^l W* 1 ’ J>^ Jl^>JI j^ 

IfJiu] |Jjl# J] <LvL>Jl yJJ ^IjiJl yt Jiijli i>yl ji_J k jljifj j-JjLli* j>lj 

^jjll JaJI JJ liL»j liil Lfj jkl ^1 <k>JLII jjj j^ki b^k*wi oi>li« Lub - ixu j jle - <a#UI jl "ij 
I,aJ j ' '■"“ CjL/JJKj j_iyiajl jjJLil j_l JjSl ol j ji—Jlj yi>fi 4 -vUI jjill j* D^l O l jUl Otlfoi J is i 
rjj-JJI J^-> y_a )y~JC jSii “)l ( 26-7 ^-JUl ) ijiLJI ^L-JfcSl O-i; jjJl ijjjl ^JjL ji ^ajlj . UaJ| 4AjuLI 
lj{ CiljJUl rJa-wi j—« ylluj Jiu> ( 26-3 p-iill ) jjyejjjSJl yi I y~Jj ja L^l j£*^ |J t5ill . j>jil 

xji ( j j * tij jl 0 Xju j-ij iL'iJ JJ-i ) yi^lj ji5j jbj*6Jl jJU j*ij ^Jj . ‘j^U ^*^^1 
< t Lmi 6L OllaJl j» IjlJU *jJJl Jii" jillj Ol Jyip Ifili yli»i ^1 olu-»^JI j* j* CiSJ ‘j^JI 

Lj-u JjLuii LfJlj wdjjjliJ^'L y*SJ 4^jl pLujj Lijup <jl jijJdi jjill ol^jJo; jyt^ Ja>*^ ^ . ‘j^l JJ y j* 

. ( 26-9 pill) . o6»j35J)'l ||jIao oLw«t* Luw u-'ill >1111 c«jl^ J Ui* i)j>lll u»ij iillsJl 

ji LkjlU OjJju Jjjj JJ 1^^^! pi* ■“* ‘ JUij'ill ojU^I <jlS y* iiJLJI oljjkJI si«l5 y USj 
(26-10 pJiJl) p_oJI Jj>j Uti /u U-«Sp ^jll IfJjJ? yw»lJui « ii^jU <>y » L^>Lflj jij Jj"i ojIII iiiUj-k>Jl 
. J_>ljl!lj jj^xll JjL» <-i>y oljj-JIJ j* jjUi jlj •xfi fixe oIaIi Jjt> j* Sylll ^jLj_i>JI jli UjJiill j!» av ^ Ijjj 
ojjll dJj ill oi-» ; Lai' . ( 26-10 ^ill ) J*jj JJ oluu L« 1927 ^lt JaiJU o'jjjiil , )|l Jy> J Jtyi> jij 

, o ll yyyii I j JliUjjjjill ^’y*} -U>Lxi <U>u oljjb 

lijL/j vjL>oJI yiuu ^ iu >y uuli jflfu jl : iuLu luaL ^1 <ji ^ jjJI j^ljli ^jll JJ J-«0 iji*; 
j«j . oL*-* ^Ij jjUU iLijJI oULiJI JlU pili ^jll yJUj . . jj>i ojL>J J oUj-»JI J^Lu lf*i 
j]s- ol*^i jli lj-iij . U ji ^1 >uj jiJl y j*-SUili j^ijUl j< l#ii Ij^I^ UJ ji jiiJ ji jliw 
L>y yj jj—ia Lyil\ j ji j[ : ( jijjiiil L-JJV i^j*j J^ ) <*4jU yi- 5 jyv ijiw ‘j-ill i*ai» Jj» ji-J^I Ulj- 

fjL K+Myj | j£) Ojl>ill ja 4j y>j i'iii.ii J ill Jlj-JI jit Jmaj olaj-fc>Jl jj jUi jl 
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JjJJl o-t jj-ilj ct jljiil j*Su t jjjuoi oj!5 jllisi j^ll Utj 
JM_> Sj^j-sJLj !>ujLj B * E JS jjSL IAj>) . ■ulyll i»j>Jl ^^11 

0>Jl ,j y _Jt Jj—C !!»♦>«! I UIUI oll^ fj j* fulxLJj . Jilin I |OoJ! 

: Act yJl 


(y^J() 


<ilL tiUS 
^'wM 


+ (^J>) 


till* iiltf 

^Xrt^LAil jLkJl 


= Act p*>Jl ji olUl 


Ad , J tilkll = ^ Ad + Jcc WAct 
* 2Mo 2 



jjL^j jit <> ot>Lll SJ>J Jifi SjUl 0 U 3 JI jljio yjj 
jjlj . <L*yD A i»LJl t ^ Jj’—J l jljiil yu (jl II] li^b Ui 

lulill J aULII 3j*») 3SIUI- £ [^- + ^£ 2 ^ 

“ * ' 2{po ) 

SJjUll |>li B 2 = E 2 /c 2 = E 2 f.o/w Luj ■ ^ x*jll jl-wl 1 ^ jk jLkij 

/ = ijiliJi <>LJI 5j,>y oIJsJI = Acfo (E 2 + E 2 )= c.CoE 2 

jJi, I c*il*JI 6* o*Wl ji J! iji^l *JjW< ^ 

: t»l ^ i> jljiil 

iijLii j^jlL b?y ^ j-uilUill JL>Jlj Jl^vJl JJue 

tiLLJl jj 
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(<u.uUwj^sJl ol>jll) jilill J^ill 

j _4 li> \j»m !j~*3 t UjjuLCI LiS 0^x>J <UJ olj j^Jl Uliuu*> jill 0 JlA)I jj 

C < 4 ***jll j Jt jit 3_JJ J5 j^it DJuill ix-ji* l»l . <>j»JJ JjjjJI j*J) 

j-*p Ljl>» j3j 0 A>lj Djjj ji P jIjuU IL-jill lull I *iyu JJ ^li*) <jLxj 

i <U-Jl gj* Juu iA Lu> Jiili jl JJU 15 I gjt Lutit ji BJJjill oljLb'l O'jJ 

Ulkllk^yu 

7 = y ^ 1 = CH-yi V-ll - \c%El (I) (22-9) 

ol>Ul Sj>j ol>U | 1 

jSjjj i jmoIjUaII JUJI i>w <*- j>\ Bo il'ta 7 ijlii IHSlu. LLi lj|. j\ 

<. ljJ« E - cB ji 

1 = ol»LJi 5 j»j ji ijjill - ^c(^c 2 Bl - (y) (22-9) 

. (22-13 Jiill £*lj) J . c -1 / JCoHo *&*!) LuiJJ Lu> 

tjjUuLLJ \>y> iKJj^ oULil tjjfcj _^t Uylll ijjill bmtyt 

. i>jil 0 Jui jljill lit . ^C(qF‘ 0 ~ r ^0 Ityo )* *>^1 J* 

oLu£tl ji oLjuJ ilL^lpj. (W/m 2 ) ji* JSil j* SjJJJ SI oij»n 

. » 0 >yi sit JmIL L$J (w) (22-9) j (I ) (22-9) j^JjUll j) Djjljil 

:22—18 Jii 

ijL^Ji iky jk »>y 

jl y-te. A*al» j iy jsi 22-3 

jl* 5jui j* L . 1 mW Lfijjjj I mm ItJLi jl»*j jjJ jlf» j ±ai 
V j-Jjliillj jtjfl I jJM jfjIS* j* ^ 

Qj i 1>7 aL1o JV-iU 

v jjJI 1 J^yu y U . J'jj 
1 >Lo 4 ij-Sj L#v»Jl 5j j_s Lit lujJj , oL*Lil Sa> J ij jaII jt oj_J ; 4jL>VI 

. A ~ ?tr 2 iu^tJl 
# jjuij^ otlltjl Jjjlii iuJ y Ju^ : Jlj- 
jLiji ji iiij . c.B$ l2ftQ ijj Lj Lcul jtj I = G/cE/) 12 ; <ul>VI 

. jjuljLl' 

Bo 4 Ei 1 j# <i5UJl jt 1# . Jtjj 
. Eo - cBo ifcLuj IfiJ : 

jt 5ju2Jl lililitJijJtJI 













j—» l+S jya yk J>aaJl jt»i Jii 
lij ow'ji J*J bW M i 

. . C JHH? ,M 'f^ji 

yk US>* yk ijyA I*iuj 

jj < ...jUr.i.jj^ uljLiVl ia^juj 

. ; . .-.Lm 1 .>>. f . i ^.ii 

IJU iil—U yk J«J}» ‘J*1S i J>*ll 

LJ . jj_y,jj jM if- J#4 330,000 

y]j >: jil ijUiyi 4kLi y3l liu*Si 

I d** jJiA 3 yk on j Jii <>;Vl 


/ .- 10 H W . = 1.27 x 103 w/m3 

>r(0.5xl0* 3 mr 

■ JrfOv) 1 =clif) l2Ho • I O* jd#"N OjS>l *^b 

B. - — 

= 2(4ffxlO 7 N/A 2 )(1.2 7x 10* W/m 2 ) 

3xlU 8 m/s 
= 1.07x10 11 T* 

LlfJJl ^ flo s 3.27 x 10‘ B T dJ% 

Eo = cfift = (3 x 10 s m/s) (3.27 x 10 6 T) = 9.8 x 10* V/m 

_J> i*S jit y**J*!l i%UI JJul JjkLj 6i» ji J^ili j*J 

jjL^u ^ L}*JI J JLjJl jl L^< k>%y . 1.4 X 103 W/m J ^ 

. JL*JJ 4_L>jjjJl ‘Uiill (1/10) jit* 


22-7 

l>Lu <^l iiyJbJU b* **}» *•*■* j 1 Jh'-J' f-**) 1 y 

ciLi Llj 22-13 J_£i)l jj US <u}*)l m jaUh A U 

l ( jjL*JI Jl 4_ll*Jl aii jjj ) Lftjliwl slvjl J a5U» Ja*o ( iuya **j> j£Jj ) 
1 «^iJI ijti jjSy j*Jl ax>j ji 1>L1I jit p** aui j» Ls}aa Ijji jli 

: •LJ'jJi ii%JL ">Hm 

aiui SjjSJi 

^ j*Jl X 1>LJI i»Lil 

, 22-14 J-iAll ^ Jtp> jJuai b* 

JJj Juu i ijalu JjLjjkl ^k*ll j» jXai\ jua i —»_j 

(J_Bu tijLali^ b(j»J| J5 ji ‘^1 kiuuj ;J-W ^1 ■ «*>^« ljJ«" 

oj_5\* Jl*1u ri a^ oL)u CjjS L>Ja~. i ^JueJLl li* jj jlJl AiUJ* 

jL^*i bjuUI ji L*i‘, ^UJI li* jc *^JI ojui y>j y /i j^u-j jA-ll 
JjLjJI/ *j-a)l jJt-all 'j^ 1 SjSJI kfc ***> Alt iijUu jp jl 
vj_jJl ajui j^fiL, /i jli J^>l 3jl^j . ^IjkJl a»m i ola^l 

jJb-all j^ ri jAfi Um) Jo£ 

J I ■■•'l l j_« A *..’.ll 4jlL!l JJ jlj ; jJuUl; UU< JsuaJ 4jJukjJl liijJ jl kk#>* 

<J siuyi (ijJI ^1 JjuuU .4rtr 2 4 I>Lj ^j)l ‘ Ojiil JM» juu jij 
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(oUjll) ^UJ! JmmJI 



j-* n j ~k> ojuSJI ji ^. li uLu Ua jj» i P jjuaII dJj Djji ^ 4iLUi j* jjuaii 

7 1S —,-IL 
i>Ul 4 nr\ 

Dj^Jl j-Sjj l> *jL Lf_lj n U>i ij in' ii JjSfl |jj j4i Lili j^ll 

n Ujljij oLbj Ju£ h ji Ui>y J'ljla'jl jJu 1’m.i.t.* Ijlj , jfl 1 

inr\ 

( jj—all jj liuy LfJLidl die o’HJ j«Loul x>*j '1 oi bl ^Uli tlllj ) 

; jl X»o jyodjl j# CudJl j>ly 


( 22 - 10 ) 


14 kg jib ijjili j|jL jls 111 '2 r, 

*“* . ji* i> yiwi £^y kr «s*ii ^j3)i jjiS jiw 1 *>»is») 

<wUil <3Lai gji ajjli Lau ^oSLlU j jlau jj jjLail t^aJl ixi jl jk 

jLf jX-all j-6 Ixuu b jIai b Cj\j* O ijLLl LiixL Uii y« . jjLall j£ Ijiuw 

. 9 OjJ & JjLmj yjjlxO ‘jLlJl 9jui 


224Jli» 

jJi\j j^jSl y* <4 jL 1.4 kW/m^ 22-J Jlill 1)^5 j 14 ; ^*>.1 11 *tL 3L L" 

bXiL&Lfcj'llI « II > J Iac-iL *_xj J.u.iil ji jlLcL , Jiiiinltl OuLjJI |4jJI ii» Jj 
? ( y-xiJl LuLL Liu! jd~a L* 4*4 ) ixjLiJl SjiJl jljJu j^a p5j i JjLi'l 

t JHcua JVjW 

‘‘ jXail Ojjjj Lfauii yJl djlJI j if 0%Jl J» L ' Jlw 

I - -£-r : 22-10 ibW! If)! ; cLvVl 
4/rr 

^ r L : 

LuLuil! bi*_jiy)l Jjx» ^ 6^X4 jkj joj iiLbll L^jJ : <jI»V' 

. r = 1.5 x 10 “ m oliSU jaiSl 45 UJI i*i~3 ji oLSLlj 

1 LaiULij J#Jl i 

P = / (4»r0 = (1.4 x 10» W/m*X4«X1.5 x 10“ m)*= 3.96 x 10* W 
0 # oUl jji jy^) ytfjS oLil 
. 1.6 W/m 2 : iub-yiv jyx> xL jaxiil >w DJui j* Li, 5j» 
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^LuJI (JIjaI 


: ^lc (jjli jf£j ji < -ts/n J-oi'l liit o^ji j3j u jl 

( J ) i ( J_*jlj)l ) yjl Sjjjll (_>) 4 JuJJl (V) i i>^il ( I) <j /3 ji 1 

uii ( ^) k ^x-uiiJl jji f l*i^ll ( j ) i »^JI ( j ) c ji>Sl ca>J (Jt) i iiujjJI oUjil ji jbljll 
i i.,ijhl'.>.a Jr ^)l ol>yI OJui ( J ) i UL> bull ( h ) . J-S'l 

jljlll Jf> jJdfuSlj ytfji lJL M jl 2 
. €u j /to jjiltSlI jjLlill 3-Cj—i jfi Ijjj*! J 3 

ji Lujjjj oijp Ijj J>JI uu«»J jl 4 

. < ^j45l!I jJIaMJl JSui JaJaio jl 5 

. ji j ^ih l i illj jjJL^J 1 y^> j# tf^) 1 jt 6 

vulttil ^U3 jilyt j« olajil kijlwil biA IjLb) iL^L ^i3 jl 7 

OjJlj LuJjj r^i ji* . *_«jljil JLii-J jlp> ILJjj aAL S J ol>jJ ujUlS] U*JiU> jt j£«J jwjbjk vj~aj ji A 
. toiJixt olia»4 jt iljjuil oljLi‘)l iUl'l j3 fj3v-<3 U^S) j4-> jj ELC 
^Jl L>jil jSjj jij , JjLw Lju>jy j-i <j>jll LfJi^i L^l» li« «jjf^]l ^L>Ui fijiS uili £*i j! 9 

• ji* 4 ^J 4 W1 j 4 "* 

. Bo •! Eo j* Ji »j 3 cjjp Ijj U >—ji 10 

. K>ji\ iai c»,}Japl Ijj l»y* ^ j~ui>b*ilj Jl j 1 H 

. o'iU ji pUi^lJ ^-<£«Jl £#jjSJI j^^ 4 j*l“ j' 12 

jA>U 

: ‘Lybjji iiiiuj olj>j 

(c) iyA II <U 


c = ^ — = 2.998 x 10® m/s 

wPo 


; <UwLl ^jUj jjUjjJu 




fc4 Jjjwll £ JL»JI ju bj . I Ju: <k-l^ llflitj jtjjl Jiili iujiS o'lfLxt iL-l^t idy ji*i 

i jb*)l jiwj Id - Cjmu" - 0->j IjbJ jJ# <JI jlfciH ji*4 j*}JI 

AE 

h-^ -f 

jL; l^j ^Jl Lij^Wl j-iJu LutLlj 'iUt /« jUI jJ^j . A i»Ul jy~* J* Lj_j*«JI E j» b* 

/tin = I + Id y* Jl«i JA jL: jp fili Jl>Jl jli I j Id o* j^ 1 j[i WaUt 














c 


i>y> j a 31W' ijliJ 


oUl r 2 
f*>" ” Wo 


*Sf-e t E'.£ 

2 Po 

6 AjUu i5U» ^siltf il%H j-uLUAIIj jJL * 11 J <i* 
(7 ) ^uo^Umj^JI c»l>yi »ji 


; ol»LJI 3a») Jffi <jjull Sjjill Ja-jii Ifii <*>j OJ- J/3 

. *cB! 

l-b^cEo - 1 - 


iiiyi y ^jLs* ol^S yiUJu j-ui»Li«llj j>j&\ J ^ 

£LS$ll j-iixl' ^wjiJl o^Li 

lj[ li^Jj c jjL-allj jutfjJl Uti CW ^1 £0* £* 4-& in W^i^ 1 o^l #ai >2 

j^Lil j*»U jic i>£ in 0#**^-“ 0^** r * J r > 



oLm>Jj 4XJ 

^ OjLjj J-* j->^H jte*ll j &»• u& Li- ‘ l*-*j "^'j)’ 1 oU *** o*“ J ( ^ ) ^j*/ 1 jV i>£ 1 

L-Jlf B j E 4_*S3 JL>5' , ^.v-iJI M-j j-Uj • oLSl;+JJ i*^ 1 tx" in W 

.u*>cH 

^ii ^aio-; J pfcu; JL5. ji* ii*s ^ viji &*%-> ^ jy^'y^y yA jL* • SASi lj ! 2 

? iLij ^ Ciii jJjiaj JLjl ik»u jllj* jlS lj| U ja*s) 

ji yjlj jl+l> L+* <S£ . (JUII ^3 oli’jll olk>- pJuu l# wJaL^jj^ obi-M di <i^l <^ 1 ^ ^ 3 
illSN 31^1 J_>lj JafJL liLi yj\J' j-i> ji* Lite; ? Wl {LJ-Ul J>i ^ ^ 

UlttJl oUwaJ! 

AMbUiuj^SIl 4^1 Ch ju &\ *>!' iBL . c^jLlDtj j*)ljJl 5 >>i ^ ^ 4 

^jUl oi J J}1>; Jit ^Jlj jLf> ;i vtfJJ >! J| ; j^ u^ 1 • ‘^f 01 >^' ^ 

? ploWL-l i> lL ' 

JUj! Lk^. £Jm j^jL>M pj»; i-Ljpill JUj UJO *^ 1 1 ^ y L ^ JI y 0 *> >> ^ 5 

. SjL _ Ji Ji± iyi > 4m jjOj Ji* O jL*‘j ^ 1 ^ j ^ ^ 

. jlpJi J^ ^ ir l 










( jili/l Jrfill 


j-4 jy* y-t jilis Bjlj—i liU»i jXm i DjJaII jjj-i ( jfttJ) j5iL<'!l JL-j! ,J>\y i> ojtlb LJ 1 f+**i 0 

? »u^l ij* j d^lj U . JUI 

lj-*P UaL» sL>£y jJj , ll> JU JJ y olj ( U-uLLajj^ ) jljlj ul> J UUjj^kil j_*J y ylj^1» plivLJ! j^yCj 7 
jLLj jJ - u ll J,—j'iI y~jij ^ ilauj ' i Ja V IjSiA If ' i V .-; jjJl U . Ij> <U>Lj ^ nl Lfjll jl^l jllj X>i J>lj 
&y b£*i Jaj V yjiJl y <UJa1I yt- jljil yi JuS \ j-uWaill t^yJl V i>_jil ,> J' *}*J' 

? 6>il Ji* j 

uLfb (.JL^yLul ) tLijJI oL>jII y Lull j£L^JI ol^yi jlu Lj-1uJi L vLJI j»> J_Ji - L» 8 
ol>j4 . ( yi> JUa yLi Ijj) Jjij ji ljk> jlS1 oL>Ul jl ? o^yi jj y j!s y.L»Sl j!1j jLlcI ^yj jl U 

v ( f> (^ 

. dj>uii JL>JI (jjJlj A <1£JI j It- II Jl»*Jl i>jl . 22-10 JSLlJl Jl 9 

. dpail -jili JLkJi *1jjJU P LuiJl ±is ^-uLaAll Jl>Jl oL>Ol j>jI 22 10 JS-Jjl JJ 10 
j_£ Lkj'j | j_ m u»UjUI JUkJI jlS |j| J , KA i 22-6 J y •L>m1I j-uLoai' »^JI j*l>* sb^l yj Ja 11 
. dj>0ll ^liAll JUJI jP rJUJl JM L~Jb ilUl Jii ? d^ult ^^531 JM 

JjaJj J_>lj y-t -JjL Jj> ULu Llxill Lf>^ Bj5 i^jjj b* g)jj U ^olut«^5 l>_jl ^^1 J^kU Ijjjii £6 12 
, 12,700 km ^a jjll Sj£ll ji>3 ^ ^^11 J^UI 'i* jjli . Jjjuj5 

JjL* 

22-4 J| 22-1 & 

f 50 Hz djj y ijjj jjLA* IfA^; oUy ^^1 JjlJl a U -1 

^ 120 m (_») j 12 m (lj) i 1.2 m (i) : Jl^tl jjy y l» 2 

v . 1600 kHz JJ 540 j* jjil J Lfiljjjj LaIjJ AM iL»a JL ; I jjJI L*jl! Jl^»Si ^jj y> L 3 
108 kHz J[ 88 b* odl y oIjj_^ I FM <j>y l+lxi ol>_jl L>^II Jl^kSl jj* y l< 4 

-d%L iL jjJl ^ ..jUliwijj^jLII JJeJI b* jLaII _w5t>^l ‘3>JJ L-JU j-siS'l Iao> jj^ jkl L-<L> j& 5 

? »^aII 11a jjjj yt Li . 5.5 x 10^ m yb 

Sj-o>J?U »»yyS ijLiJ Aiyu-J jail j*j)l U (I). «iu* 144 km j*j ^ IaIjJ Liill> ^£1 JjjJ ^jjIJI Ja^ 6 ■ 
L*jil Jl^S’l jap Ls 980 kHz ojIaaa j1p JwO UsaJI cwl£ lil^ V djlp> Jj J-ai y* lkx*Jl j* “jj’-® 

\ Ck»jl ±u 

. 5 x lO ’ 4 8 ojIjL jiS juw jju*; ii»li ^ i > l^--l£*il mu JULrV'l jl^ Jl ikp tfu jblj *-*+> Jjji 7 ■ 

V IkjJJl \jS i\£ ■U>L1 , I Lfj Jam jjll LLil U 

iij— ybjt \) V jIaaI^J ±m\J\ vjj bn ojjill y L* . 0-9lj b* 4.0 km Jaj Jit ^ 8 

. ( 340 m/s o^sJI 

. 1.9 pF L—Jl Lj_» 6.4 /iH apdl ji LlxJl ollS Ltb] La*4 kiiLJ ^jlj ^ Diyi »j5Ij r u u . b 9 
? ^>yi L^jya y Uj (-_j) ^ I j jilt ol>jil jjjj y U (l) 
^ jj ~v: Lilly I \y\i -iuL^ GJJ 840 kHz ojlji* jjjJ jup Jk L^lil <I>a»j ililJ'i yy\ i ^ 10 

ILLa-iII DiAlluri Ls^ijj i_jf-iyi Ju5jI <am y Ui <. 0.04 mH Ujljiu LIam 
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( oLejll) jj^lj ^iloJI J-aiJI 


b . b.O/ill Ujljuu illxi j^xJlJl jly> uJIji #j5b ojL 5> 96 MHz b lyo-yull ill! ay Itiu II 
V 4-jlkiI oUi JUi-ll yjLbil JSSil bw 4yd jt 

^ jl> lejjljl j- jtf'i jlJl UlJl Jliu ud JJj ±>ji . 3 /iH ^jjlj jly> bylj jj JL <cl>u Jj 12 ■ 
. 106 MHz j 68 MHz j* b ^ FM obdjJ ^ J5 W&JI 

22-5 will 

10.0 m/s UtjIjiU o-jw-w j*jbU*ll jjj ^ . B * 0.85 T yjd JJ oj> ^-JlLLl Jl>J! Sob Jl 13 
? III r » J l dJj JJ Ifj yj U ale U Jail ale vbixL-ll ^Jvjll JLxJI jlji* yi U ( I ) , *JJ £i OiLli alxll ji 

p JL>m)I db <]a>^L« ji J» (y) 

jj-j B j—soJallii! JlxJi 3ab jl» v - 6.0 m/s l»jlai» <e_yj ,j-Jllill Uks d^xy 22-10 JfuSJl jj oi jijiil 14 
Ux>^j j_iij J_*j (y) V lyJl jLil ILkIJi jj A Ui'l ale ^jsJl JlxJi jlai» b (I) 0.6 T ji> j#WI 

Y A JmIJI ale j^JJI JlxJi tlxll y* b (-») V Jjyy JLxJl JJi 

j!» 1 i*ll .^11 J a’i> *11 oyl 8 x 10 3 V/m calLT 22-11 JdLdl J P <LaJI ale ^JiJl JlxJi cab jl j£yi\ 15 1 
j ,* jlaill lie Jaj (y) ? P Jilll ale lixxLdl JLxJl jIjou U (I) . f = 6.0 m/s ollS dUl Jy 

Y P ale ^ ..i> lil’ i«ll JlxJi 5 Ixl I y U (_^) ? obi J^y Jix jJH 
bjly Jj> aJ JSSil jl jejlil 5 x 10 4 V/m j*>jDI jjlji* ^i'yt JU j> J jy j^fSJi JlxJi oab jlJ 16 ■ 
1' JjaJ a_le ^ 4 _SlII JLxJI Leyu ilwu ale B ^Jsllill JIaJI JSi* *4 l» (i) . 7.2 m/s lijlaai itj-u y>jli 

j..JiJll jbvJl Jj »b*ol y> Uj (y) 

^fiJl JJJI <L>y J . 1.0T jA Aaytlliujj^s jj ^-ubllill JL>JI i»ji Oj OjI'J) lj| 17 

V Ujily y»lj|l 

jjJl af_x)l j_yiJ iaeill j» U . <yu U»il ale 0.90 mV/m jiL'il <L*« ^ ^^531 JLxJI lx- 18 
( ! ILlJI dll ale AeJ^j 20 cm lyJ^L dLJl j- a-Jj Jib jy <axjll aIxw 
yjSI E = 8.0 x 10 4 cos (6 x 10»t)VAn . <JeUR/ i>y j ^^ill JUJi ui >1 19 

V lyJ ^*^1 JJJ! Uj ? <>^1 JJj- y> Li . j-uJLi-l Jl>Jl UjIai 
» j» L (i) B - 4 x 10 _u sin (8 x 10 9 /)T : <JjUuLf <jyu "<*yl>llwj^5 i>y j Lj -d»liill JbyJl Jl« 20 ■ 
y> T lii^x t T/4 jLJI j* t yJuj bale B yJo jlaiu L* (_>) t lyJ Jjjall j*^Jl y (y) ? JJj3 

? (v) J yW ^ Jl ^ 

lyb-Lu ) dui ji SjjP >lj / = T/4 JJ t = 0 j* J5L> (20) fa ilLlI J ilxUl J.a. j^121 1 
, .j. Jilluul JLxJI Ljk> %j> OiLuJ >iy v .i \*y>y ( A = 10.0 m 2 
, E - 1.0 x 10" 2 Bin (3 x 10 9 )V/m : IJldl UaUll- u u-JiliiLii^i <>y j JbxJl i>ja J *y 22 1 

j-oii jJk J (_?•) J>-Ul j-»J>L1a1i JbkJI Jlai jill iJaUll y^l (y) , L>jdl ^all jijJI a^jl (I) 

Y 1 JLxJI i^kxl ')\y >aj ^ 40 Cm <Jjl> jiM yyflJ jj *l>a««i4 d.J.j 

22-7 j 22-6 jUJl 

^aCL-ll IfjJJu i>Laj J_5uill Lyl*k—i jijaJJI u'j> JlSj . yLu ji 0.60 mW Ojoi jj*l 23 
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( JjUjll ) yLJI u Uai'l 

j*IL*JI j-i J_£j 4 _uaJ| ^_ii]l J_>jl . ijjiij J IIi > <->y iij£» < 4 ^>Jl ,ji jLipL} • 0-85 mmi 

. i«j>)l y 2/« j Eo 

5-*j>JI jl jLupL . 0.8 m !a JJ fwl^L^i <4j> Lua 4000 W ojjji L«^kLi*jjf£ UU-il »JLi£ jy 24 
. <Uj*Jl ji Hfl j Eo yyS y**>l , ijjiii j* 

yj*-£ll y —*>1 . 1340 W/m 2 j_* _^> oi J| J—sj jjJl 3 j«J kyji* 25 

illtii 11 ; .‘U1 ’. ■ j S 4->u ^-uLLUlIj 

jjjj LI ^LvJJ yyLill |>_jJLII yu*>l . oUbxj^ll vuj- y ^UaHL 25 W lyjji 5»L»j 26 

. 4.[ _w» jJ I y 5 m (y) * 2 m IajIjou is La yc (I ) . ils'iu *. y J n ljuM|vf£ L>v* 
jJL >y yJjl *4 ytfl 4.0 10" ln W/m 2 Bjljii L I 1.4 MHz IajjJ 3 Jy^ <plj| <k>a jj OjjLtf <^yt OjL 27 

. ‘Ukull si* y j-aij'JjLlI JUaJlj JUaJl 

>cu> i>u jj jLLJ j\JJI Li^> jl jLuaL 1.2 mW ■Ojjjj 3.6 mm 2 jjJ i«yj yyiLul ^ k ti I oLu AlL 28 ■ 

. Oj>JI y Bo j £o y^sliAlIj yyfll jjJLfvjU ijsWiJlj #Jui J»)l I oJjii* 

^ 5j^ ^ yiA\ . 65 W ijjij f)fi MHz Ujjji ^L>v y IjJ JL,[ jlp. 29 

l*i> ..> Ltd —> (y) ^ JLwj^ll Jy> jp 12 km jaL 4»L La ol^jll ojL y L ( I ) . La Juyi jlf> 

V LaljJl OJA Ju£ ^-ukLiilj y^ill y>w 

j_i JjL-aJl yaJl AJua ly Lu yjl 0^11 4a_uJ! y L . L iiy q.O.rt'm y i_U..i jj jjAoO ^LaX> <lu J J JjuJ 30 
? lf»A 9.0 m 4lsiJ J! <Jjw 3 uJl ji 4.0 m JuuJ ibij y Itfyi I jl *4«fluJl 

hLa5 *_Ijjj 150 W LfJjJj 0 tLLi[ j& 1.8 m is La Juuj ^LmL O \ n'n ^k..i JjlP AajupjitlJI C-^aII 3 J_j i i ,i>I 31 ■ 
f)J0 *J/njO ol*k> i^i y'jl ( lyb Jl JyOj yJI y iSlfjLil Ajjill I 'it Jai3 10 % J jl ) 10 %' UjJ^ 

, L^M-b jjh yiLj Ik 

oalSJI y Li . 2.2 W/m 2 y ya>Ji ^Jjj jjjL J>y> jj_cw 2.0 m j*L iLiu La jjL J j>j 32 ■ 

? 5.0 m ojlji* j iki ^jlc oaai ijl jjby#ll jLu SjjLJi 

4jiU>) JjLv» 

6 x 10 ” 8 T y ^-..lUl’ijli jLkwiJl iu-i cLli" Ijl t L jja»• oLLxa'il y ^IkiiL yJI ojjiJI Lay >—l*>I 33 ■ 

. jJlaII q4 3 m Jao yJ <i»iu JjA 

JjA yy_5Jl jL>aU JyaiJl Oai3l ou»»l , 18 kW Lfkwyo BjJfe oIaIaJ^I ^i*> y ^UaliL leljj Ak>a LlJ 34 ■ 
JLj)'l ,> 25 km (_*) ; 5 km (y) * 1 km (i) 

jyLUl iaL . 1 jf ji>j jij . 80 W LfjUei jjjiu ol»l>J^I ^»> y pUxOL <>.*> k l w 4 j ^5 ol>j» JLjj yj 35 » 
V Uujjl sja yfi JLj^l J«jj ^5 j , 16 mV/m y jJ-Jl Ija t djlmw iLL jop y^/l JL^*U 

yjpl , ijjuu 3 l^3 i Mj ’Ll*** iSjjL* ajIjLIJ jL/ll''J 22 m o^laj yjk y'y L Jjio y ^jia~w 36 ■ 
y vj_J' jij 4 En =0.1 mV/m CL« If yySJI JbjJlj . . ojya* <JL om i>y y AjLi'Jll 

ClL 4 _l_a>( (y) ? joajlsliAll JLxJI i*a y L ( I ) . JjiljJl ii*Ul jlc ^<yi fLL , )'l JS jalu 

■ yl_jy-ll I lii‘i . 1 ,! i>aUl ; 3jji.ll (_>) j 
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Ji-ij k <J jjl.rtillj JaaiJl lla ^3 LuLIaI wuxiu 
JLjK)l j-* - <jU 15 Uf< yl$ ijjj - >o> j^u? i j> ^ ^Li 
olj Juki! j_t <iiuil JJj Lj j- j*jj : j-ubljktjjjQl 

JJ jL^iuji '4_! <wLi> ijj-iJl j^xJl JljtSl 

|fc_Cjj I ^-iij , .j—a.'l Jji tjblJI >-*ib <2lull AJJk 
boiS jl 1 J ^ijil **JJI ^JLe i_u a !» UiLiIaI jl jj 
, <15 ?bui)'l jxbul 1 Jjli <-jjju- Lm 



23-1 

J jiSl JS Jail lu j!5i olijU* . j»lj>JI J$ ytf O* - J^ 1 bjw 
ja\y> j-l+ - LwLl - tlj-j U J^wjj . 1 $ J j -bUj jl lfLu5 Jiu> jj »lj«f buixi 
4,i ^ ^j[ <J i X-9 DJi-iil <i-*Jlj <iil^l obl»*JI jk MMU 1*5 l ‘j-ll 
Ijjt j-t ^ijJI jJ*j . pUlA'lllj J*L»JI j-« jjJi53 Lwb £jlfc *j-*JI <m*i> 

J_v» J b tjuall <x»b Jj> jlj-jl (jl *^j j! Iillil SAUaJI o“ijl>Jj j^SJI pL#ki*'<fl 

ftjjjil JjuoUiJI (>• 1*1* bjjjl jJj jjill j-* JjSl JA*Jl jl> Ji* 


-m- 









( jLSiU : 4 j-ju*JI ) jj_*-*Jlj >i*JliJI J«mJI 


« ‘L^iJI oL&bJl^ » jtfLxll Jliil *j«aJJ ji*2> jL^j j£ ,^iujli)l viukjU 
>ii Uiifi aj^Ul J1<13^UJI ji 5Ui lift jSii ijj-j jlj— a!|) jilSd' Ju»dl ji 
. tyiJl jy* ji*l Li 



j j»Jo J* j as ) J*ote &+• J* 

J-il jj i.K/< j j—±\ lu± 1 ( 4 —dull 
O—jJi/lfti Jk iifcjJiiM l .i j i 

. jjtt t> 


j-i jLw ji UjSU iyii\ jlS Ijl l»£ Jlj—Jl Jj> j?yj Ji Jj^JI jSji JaJ 
S^-Si JJ j3j*i JU Jj L ji A*>y jj*lt 01 ji 4 « olj^SJl » jl oUj - .»JI 
yvL *y |*Jl j , Oll_w jj^JSH fLliil ^i Lw 4—101 4 juI£j oll!s« oL—u*Ji 

Jl4ii j^_ii j_)jj^u j_i s* 1 w a< 11 »■ 4~jJ' jl l^s j^Jj Oj>j wlij 1803 jv 
rj-J ui^-j . v^J 4 j — 4 jl jiuj jSJl ilt JSlO JS-IjJ 

*Aj— Lii/! ^-»y ( ^ J* ft py J Jrf-a^W gy. 

<-0& ji • ‘‘jf-J 1 ‘Lcj— Cm J 5 ' L*ji «-LLI jUI yd 

jlS jii , «UI _jiil ic_j_u ^ jl .iiH 4 ^a!I jl jj jyJl oUj—aJ' 

JjL-!l ^ ^_jlju5l OjU li&*) , OJaill JUi jiiLu LulS lift 
jujs j_ji yi* £—liJl j/ll o'uiu- j jidl ^1<JI ojjj p 1 ^~#LI 
. ( jji^SjJlj jjlill J~«Ul) J*j-Sli j,u*il J**J ( 


i(mn) 


700 




jJ j y£} jlj Xji lyail 0*^1 i*ulJl jli 1900 ^Ull oi jiuj jl uij 
; ijlil fLt iy*}\ JilO jl Hi . ^tulj jlki J* ilyuj J; k IjLUfc courfi 

jj ■»* '■■<«« jS< ^Jj . I_^x« 1^1 JJ» jj i <^»Lu*l Ol**il >uiji vlu> ji 

cLuuill dLliSj * (j^j-wHl p-u>Jl fLft-iJ) OiLJl ^Li^^ll j« biivjll ‘^.aJI <_iit 
o^—j Jj Jtf Jliu l^liwll *ya J - ji^jjbUfJl Jli il»i-u olji ji 
4_ijJill wla-uHl j_i oUjjiSlJHl jjlku jjHL 0j*U»3l 

|»jiJ_-(l liJii b j-lii*! J-lJ 1905 pU ^».u Ji-,1 i *^-«Jl Ifik Jai-i jill 

jJj o ! bi^—ij>JI j_» jl-iS j*» jl£ _jl Us oliijiiJHl »j J*lii< *j-«JI jl 3jii 

^ 1 . jjvinJl jj-ill J^L> |k^JI OjL j Lijip - jixlb 0 a» J| liUj 

Jj ■"■ JLuu Lijy^ ; Cj vyl ‘jJJl dLu Ouai ' = ^ Oj ij£j 

JyjJj »j . oLi^yJI L^J >dlS Hr jill oL»i»*>JI ji yj d>L ^<>1 


Lu-Jli Lii . j-tjJiftJlj ^jLJI JuaDI j» JftSl Ojyaj v^oJJ oluLII sift 

<-*yl\ Jli-bVl j* >ia ^ ^ ^ 

J_i. jl^jflj . Mi <*jiiUft U*b>»!l j-jjl oUyi 

ju •,. yiiij^ij j-* 4 - 11 jjj/i „ ( 

. ( 22-H Jti ) ik-jii ^ L -* ; y >4— 4 OhJ»Uu^ ot»jj ^ iul^l 0^1 


. jfUl J-aill Ujiij ji- US I jjWI A*! jtsu j-wtuu Jbg ^ 
. ( 23-1 J-SLAll) 700 am JJ 400 j. jjjll ^ *} 

Jl ^ ’^rt-yi Jiy»Sl jl Jjll lift jl (22-1) ibUil plj>iw^ IJS^J 
JL>JI 23 2 JJLiJi . 7.5 x 10 14 Hz J| 4.3 x 10“ ji oljjyll 
A-i JblUll E y+ll^JUJl ji . X j4>jJI ol>Jl j j-iiwJ <*y j 
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(*j^JI jLiiU ^liwl: ljLjjuJI ) oJLiJi J^itl 


oljlji»l jt Ai> t kj/Lu i 4jjj*oJI jj£ j*j . x 
4_SjjLSil ytfjjjJl j_* ju£ ol>yi tifjj liiilj . ol>wl SJjIaL 'o-y' 

J* OjSili ol>ul *1 jb^SlL jj£u ^ill ol>jil Jl» J_j*i ILo^lU-w* oUy £« 
j_* oL>^* j_P jjL^P *yi Jl jt Jt oj^LJLI ilj^ll jiil j*) »Ul ^u_i 

aj-» If—!I j-J' iais iijiUwJl ol>yj . AjljaiuJ Cy&jJ 



j*j 23-2 


jt J—U SI Olj>^ wjjAi fIjiJl Kt-yt jt ( 2 1 | »—JJ 1 jj jSjj lllj Ju"5 
. 3.0 x 10® m k y»)\ Jl 5 jU oju U yy c - 299,792,458 m/s j fcjjJl Lfni 

j-3 lJj—m! . jUl SJUjw k»-iJI ifj-J ollll 4 ju&JI u jiSj uLjaI]I 11a _ul> jj 

jl5 jii , jU*l! Ijjt jic jliTi'l Jjj c ^LuU jjjJ5 oUjUm oj> j3j . 2-1 t-D 1 
jt It 19 yi’iu.iJ klJJj ^3 JJii ji« l lill lJjL> jjlll jj li>!j W-J-> 
(U *-i*S Jjt Oj+l> |J . « i^Ull ^y* yy) ji^ f! jj » ‘yjJI Jliil 
jLii J-*U you'll jj-j <Uwll I yjj ^UilJI jilill l»Ju£ 1675 
Jj*i) Luj<j 2.1 X 10® m/s ‘Ltj-u J£uu <-yA Jl jl gVn.itl <iu> . Jjllll will 
L»l . yjjSI jljL_« jJ*3 UUaU 4jvxv_jJ I <4Ja)I Jj oL’aj J UmJ 1 ^kiu 
joj JUD^J «jjjl aj^mjLu jUl jjjJl l^iJI ^IL^iiJl .ui 1849 ^lc j 

fcj*Jjju ^ ^ LuS c w> oilij • 8-6km jJ^Ji cm «U» ^3 ^ */* 

Ja j-ji |jjj * j-kiB . c = 3.1 x 10® m/s jt j'jj yjl^ 

c l «,M l 4 1 2 a . . J t .. .Tl. . , , 

jj_uj. jaljji l >_ jt ji j ..<.; ; - oL ^ij^ ji ^ ■' Wy ^ ol - | yi Jjl 6t 

j— 4 ^ >A ji 0 Ailuuli j^ LUij ilu> J>ya alxi IfwiL jJl il>jl j»\ j^J5uL» ^li jj t jj^i*! 1 jyJ 1 

. J ( -V ,'0i4 L 

. 70 km o£ oju j jjJl j*—i_j ( jjIL J** j^l j*~u )) yj)L l jL J^- 

11-i.ijj 23-3 JilJI ljlf> jjJijLi fAxLJj . Luj.y^JLS j mj Ua^5« 
^ A_^jt oJwij (-»*£« yi'i* J>i A i> J>3* cAsi • 

jr-CV~oJl Jj-® yu«5til jl5 Ijji . JilJb HM A* y-SA ^ 
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( tya Jl jUijlj : iUwju^JI o'<j wsjJI) jj^buJU oJlil' u Um)I 


JliJL (^uil ^IjJl j* a»Llil j*c Jj J^ju-p pl*i!l jli IjLh 
:2,V1 Jj4 Ujo£j . A-abLaJl *_« .uUwj ^ Jj> ^jl oaSul jl j*lll 


589 lira Jjl* »j*l* 


(10 s m/s) ift>J 

iJUH 

2.99702 


2.9970 


2.25 


2.20 


2.00 

&& 

1.97 

jj'jS E^j 

1.89 

Ch^Jm 

1.81 


1.24 

o-uS 


jli 23 3 Jiill y US U£JI ijtoJl* umII ^1 y^' >* 

4 lTj_ll jj Lajii »_ mill Jl JjHi.J f JUjJl jll OlJI jj^yu( jjjyi «A l>£ iljJ *Jv 

IjkiJlj j^jJLS J! <~*i5 Jj> jbj JjSl ,*ijil jjli ji jy>J— yaill ji HJ 
J! J-^ jl j^ji ij| Li. j>uii j** _j>j j»Sa1j j frUiii ji » wjiiJ 1 

<jj*1 ,11 ifjjl j-»jJI JH> ^ll3 SjjJ £/j j/jl J3 oOJ' jjS/ jl J/^li J#Lill j/> 

I -■ luil Lj_JJl 11 a i“i>“ -ui jl . l^ii j jji) iljll J[ Jo/ ^5J flvJi 

^yu iujlti i 23-3 JJi-Jl L*£ a Liill IjkSJL j-oJl >-®yi ji ii^i tj» 

I Jl (IauJI .- mS ll 

fUubJl J_>J/ jl Jl 4_miil jljj ify* J«LmJ| ojJ-J 

(jjjl j_«yi jl Lull i jlj^jJI A nj<H oj_a ijfij . j^— aJI JJ j-SaaII 

. 2 D LaJjA* oLd 5_Jal| ^£J «joJ' i£ jk 'i i> (jjjl jjJJ iLu OjJJ 1/4 Ojjjuu 
oLt> j« jSuju D iil—Jlj o*SJl jljjJ ic^u Jail Oj*j jl jjl ijj^all ji 
2.99796 X 10* m/s j» »joJI Afij* jl jjJ&/L <>j>j oLjl Jlj . *ybl\ <Uju 

oliliA.uJl 4_>lju j_! C <j*oll iCj-J <LJL»Jl ■Ujill 0_yi jiil wjLajJI C^j^-I JlJ 
. jJUL 1*1 *i‘>ll »u-*U jjjlllj J*kll oLLj plalu^ilj i jj^—* aJi jji!l j« 
, ^yl0^15 4 juJU 15j oLUll j« U jiSl j* oLLill ija JIb5->j 
mJj>S| jiyil Jy> Aj£j~i ji ^jjuj . ^lyJl aJ liju j-alL *j^jl Jiii/J 

- £ljJI Ij-c Lui. Lili>il jljJI J'iLi- A3fij*i «ll)j ^ "op^) . c j* Lwb Jjl 

lt*5B 23-1 Jjjl>JI l-f-iJ >jUl ^j^l JyWI ^ iuju 


uLvJi jl^il ji ‘yiJI fiit 


** ftwJIyjlSiu! 23-3 

>jl ji ijjlljJl oL^^ll ju Lcv>xj jlJ . ‘L» LSj/ j^> yk L*jjp 

i^yi JjjuJj . »UU J-^>JI 1^3 ^1 iJaijJl ji iilHi 4 

. jJjll j^ I*j-j jLli^' <JI—"I il^il ^ ^ 23-4 JUI y <i*JI 

. Oid 4 l_u>Ji olj >>ll <»ji ulj_vjj ifiJI bL^J'JI ji l f^^l 
juuiil jj JaaSL/ Lulo *i>yi 4iLf**J' IwIj AA-i^l j 1 J*>%!j 

o l fxxll ji ljul'bll j* yji {-Jjl JJjj i>jil uLaJ j#l pj j>* ^jJxuuj . 15-1 

:23-4 Ji*i • 1+**^ o* • *i*p 

^ *"* ? Mn 23 _ 5 jiiJl j. j^j 

J»L-u Uj'JajI ^jLflul ^1 jiljjJl j« oU'Jai Ai>jil oljxaJlj . jXall je )±aj 
If_li»5 <i>jll ol^jjaJl ji li*^ . 1 m iAu jjoll jl JJ dJi/ i 1 in 
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(*yjl jLSJIj : iuJiiifJ ) gjjiJIj wdlill J*^ 1 

jLySi «Jl> jj) u-uull *-tj\y jp jlii ^ 

j^i f , & Syi- W ^ ^ ^ 

Juau Jill JjljJll «j-9Jl V' ** J* 

*^l ifrt- JiA J! jik vfjjl VjJuJI ol>jll glLtl Jj'r * U**' 

(1) 23-6 J-iili fra L»S ^UiJU JmJAJ KtjU i^U ol> r J gij4 
iiLxll ^ ojl*L<u» Vi Ua!a>] i j*Ur J! <-*jlill i*jr> JU* $0 
gbvjl Jfaj L^LfJl ^0 t»i jij JailxlL flfaspll i*S . *J ^j'r y ll 
(y) 23-6 J^UI gj>j0 . . jLJl 0* M j-i* 'V • -J* 3 ^* 
ft ijLJI ojlj ChW LhWi <ij« 6* Ur J&J 4 ) 

(v) •j** 1 J 6r u-’^' 5 ' 1 Vito (') ‘j^ 1 j 
JJLUI) cosft = vjv } ((1) 23-6 JSill) cosft = vjv yji 
ijLJI ojl) $li ■ (cos) fUl ^ ji *i**j * p fr) ■ ((V) 23-6 


M Iji} jH 


Ly-J! ojlj 0^5 U* *UI ^ 4 j* X 1 ' ^ *3 

JtjS-fl ^ ; r U JS^ oJL> . Vj'j* ^‘ U 

^yJI J J*5 Wy . ii^i j* ^ ^ ^ J 

i r kJi iiiUiii <pjji Ur 1 ck&^' jit 4ii r zj° x^' | 

oi>ri o-* *y> Ur> U • >* * cH 5 W 1 ^ ^ ^ 


i_)ij r—^ j-* 


u * W* 

^JlfJ . 4jjU Sji— 

^ <$ j/4^ ^>»*• 


L_«* J<ju Ji)*a (ju *. 

. vjiji* (U**) f- L > | j>‘- it -»| 


:23-S jS-i 




23 6 Ji*i 

L_ijlj j <!i& a 1A-» i4>»U o*^ 

. r U j rfi- 5 i ^ 




















(jLiilj ^ISxll : a. j I oLj^JI) ollill J^iJI 


Jj_»l jLiiU «vaJ‘_i 4 »1«~>I I oL-UiJI CjlJjj! jJij . jjjjjJI ljj» U— 

< 43^1 DAeUUI UiSU^ Jii ljj> 4J*~s ^aJjliwj^SII flxi}U 

. ^jISju^II jjjli OjjaII 

. ^ISwil vjjLw iyJl ijjlj 

^k-Jl jjS* ■!«> * (i) 23-7 Jiill jt >*11 <> JJj j**J 

JJu < J ul>Ji ^Jx-i'ill L»l , Ujl>* Lrliwl : iljll <Jl> ji U-i UUi ^^SUJI 
23-7 J<LUI ^ toll* jjLUJi ^LS-Jl JJ jjp Lfili LdUl jl>*]l ji $J\ 
0 * 1 ! ^J-Lc yjau-i*Sl IXj —1 4 1 -uJL j_*Ly lr Kl£jU , ll jjilil ji j* p£j)l jl*J . (v) 
^jxSjui 4-xilll J_«»J »L*UI j*-i ^L—i^l jl *5ll wijjJI <*j>Jl ji oJjii* 

, j-JjuJJ JsLwjlil Jji-ll ^ j * ■uii>J 



on ji ^ s*>j &• 
jlj jj—LW 1*4** Ji ^lj* jwj*«* 

. j )ili illth [jj*» 


ijjjujJI LI^11 23-4 



jySjo jtfliJl £j«ijll t/ 6 Jj» J*U Uij* U fj*** 

( o -i* — a ji jjt Jl ) <iyL+» 3Ij-4 Jl*S *iji Jjl ' i V i . Ll^i UxJi* j^JI 

. 1 * by && 

U ijli . d»Ui lip.* by Jj 3 -^1* 4 fy ’IP <y Jl U1S 
4 lw JlJ> >Jy>y Jhjya oils' ^ US JjALj llili (I y U Ojj jaw!J oiiji 
aTjJI uJU- iiLJi jJJ Js- gQ oilS’ y US y jj Sj^nsJI jl» <u*i»Jl ^ij . aijll 
f-jjU ^SJ jjlSUi'il lift Ji* jj3- V Jj j'ill UpJ , cljil |»UI jLf>j l.^.il- Aw* .jiJIS 
. IaSa Jj^JI iLjjj irfiiS rnyiy 


:23 7 Ji*! 

jJLJUJVI A_jjl j j jLmj iijiJl UjlJ 

*—fj>-t3 *—< jft j_i £Lju! Ji! 4fuJU 
L4ftuVl Ji ^lluill Jiiljj 
j- l i »H |^)l jJjj U* U* jyti 
^ ^iiS jikJl ul. jjl>* 

* >'J oJUftA'I AiP ijtJWI >113 

.J^n\ 


:23-8 Ji*! 

0 4 iiii j* fjm**)l AjlIV' Jjiij (I) 
LxlVl I——al . ljUUJVI £4*4 ji 

Jil IfiJ ft)jUflll AiUull ji i 
• U^iiu uWi 

j#J-J JJ—1 yiJl UaiwJ (v) 

/ UtO j-. i_.Ji OAi jl US jjfti 

• « ^ J® 


iiUI ^^11 iijw y syJjJ llii_j i iljA ^Ul U U-*> o *-cm ji Jii )_*• 
alAj k i yJiii JkiL jJ_tt*S Jaw Jftfti j* <lui JS jj . by *4 

JI 6 j^Lo jjajj Ua*£j . oil* 4x11 J£l ji 4 m*Sw ji ftjwiJI vliwi I 4 JI Uj jJLaII 
Ijm*S j*S 4 a i dj 3 U jj# t (i) 23-8 JSJJI jj j*** j-* US 4 ^-ckJI Jji> 



d l 1 
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(«•_$*&Jl jLSilj ^hIXI : 4 _ i oL/^uJI) jj^iuJlj 6JISJI JatiJl 





:23-9 Ji*i 

*» ‘A ‘i • 5 —»_>»-• SjS y* l*ji]l il jJ 
>jk If—JUaJl fijA j fi >1 *l>Jl jki 
k juat jJ L Ui . c 4kM 

j-X* yXj* Jip-Jl >4J ■ PA 
«k— j—k * — Jji j-*JI 4kUI j ililj/' 

. M 


Lai slLi^P OJL> J| J_>ip ^ 5 j—JI« 4 LuJ| wilj (ft JjLu jjj| 1^-aJl (ft Ifii lj£W 
J-i-Jl Li t bljJi XX Lj-l W iI Jtlc ILjUJI XV'I JUj»l yJu J| Jom j*> 
j-> ■uiii-a Js*k> ,y Xti oilS j) US iviS‘1 1 i# jLU - 1 'll!** jli (y) 23-8 
ijy~o <LuX U yA (y) 23~8 JSJl Ji 4^11 iLLJI ojj»j . 5<jll LL X 

VULi IjLmu p—/jJj p . > 11 Ja-L j_i XL LI jLu>l ■’l‘S«ij . p,.i>Jl jj 

jJ»j t iljJl JJ> ijJiLL 4_Jsiu 5l^_J p-XI JaL (ft XL JS jl , out^U 
±JU Ltjii I 4 JI jj LaS jjLj p~X XL jjlu ^1 Lul^l I 4 U jlisuu yi’l iikul 
Cm LUjj p—>i) Jsuii (ft < 4 ^ 1*11 XtSl p-rjj III UU JJj . eTjiU Ifal&l 

<-oiiyi laDI JS Jfi Ioj C-LojII 4*sS( jl illjjj tlLuP jSJj 1 EjjaJI rjki J> 
5JUISJI tj^a]| jiSj ^jJl p..»>■, 11 jl t 

j-» r> *■ ", ; <-lli . (y) 23-8 JSLsIl J <uiSl Ji y-iiiuVl jjjli Xj 
p—jxli aJiLjuiil Jauull jjSj du> J ; juulkw IMP J OMP jjUlill jl oLJI JfJ 

. Sljil iJJLj pUl oliLu Ji 4L»lj ( Sjjdlj 

Ij^tf sljil p~*> ‘Uijll <o-i^ll 4^3 jjl>3 'll (jjjlj t L>* 
jjLH ^ j 4 -*jl JJ J-^ jill ^1 jli . JjSI BjLut . 4 jJL>J Ijy »l 4jjjJ u 
j-Sjj / 1 | > ) ijiL 4 _juLSl«J jtxk culj . Ujuif J^jjl <dguuil jA oL|i> 
j-i(jl LiJ . STyll Li> I <UaJUJl JO* ityey jjj j t OmLj JU OjpJl jLfbJ 
p-■» > .! 1 3j_yo ji L5ij 'LL> J_Lj. 1 4ijJI ji JaaJU pjti jt yJu jjJI 
j_»u Lib 3jp_oJI j^Sij . ijy-o U li sL (ft yjiSai'illi LJ 

. LfiUi p-j»Ji JjuI i'-« tljll Ji> 


4jj^ dI ji juuJI 2H-5 


/,.Nl 4 _«jLS >*i IA jit OjSIl LIjll III t !»j»> l^i.>k>i-»i ^dJl ^jb 4ijjLil Lljil 
OjS ji l lj>! j-P 5 jUp ; <0'SL_>%51 ji J^iJvjJl oliji OJJsuJI I^LI jl 

jiLjjj aj_SJ 1 jSJi jjlko jjJl PA JxkJl ji~uj , 23-9 jSuiJl (ftu US « 

9 j-SU ^ IvIjJI Lj_Jl (ft fj^JI j.iSo'ij Uiipj , 51 jjj ^juLUjll ji>Jl U >ki.i Kt 

^ ja y-iAJI Ijl Li i JjawU dTj- 4 J4-J iTjll jli ( I ) 23-10 JiiJl j US 
. <JXH slja j .p sljil jli (y) 23-10 Jilll Jt US ^jlSJl jjSil X 
kijjjvi jyj jjudu ji pjli 0j«2Jl ji 23-10 JSDI ^ j^fll po'jN jl LljfH^I jij 
^-i jxju jjk LtSj , oUjiLy X y>jii oLfxaJlj Ljljii LjUJI XVI jL 
k s X-t ilj-l j—yjl jj >kjH oLoJL J im ^jJl 4_ijljlll 4 X ^1 jli ( i ) *j*ll 
jjX LS L&i yjjilIL -kojkwj jiS'l ll») F jj* oj>!« <X y>j IfJS jXJ 
alj_* X-iljj tJLyy X L ji pj'JUl ‘X|I LfJJ jjJI XUl jM J . ( UUV 
Xvu U (y) 23-10 JSLII Xjij . oTjll ( Arfj^jJl ji) «J*L 
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( tjjJI jLiilj yjlijul ; Ob wfljl ) jj^ijJlj cJ'jlil to WJl 




ji Li! oils y L*5 »juj c-£«jdl Ofci'i! jl . Lx>4 \\j» ji yHLu LaIp ojljlll 
V*i!L oj^JI ILL jl) vj>jJI j* ibiDI«i*j • ®"[y* «-il> F <Jaij 

_ jx>yJl j—i J5 .y F 5L*1! L^il U»iuJI j,u Uljll iiLiL ( IjJ 

• oT^iJ OaJI 

( Lijli) lkiL-» liUi jjuu;! . «j_wu slj-i ojjJl jmJI jjaj U j^’l L y. > ^ 

CA 1*JI . 23-11 JHiJl J)A iLiJI jIp slyi fkiy. CB j>>JJ Cjlyj 
•23-11 JS*i 22 "3 f—JJ 1 tH J-Siij • A jjp ilyi ^Ja~> JL .uLil IjJj iTjil jti J-ftl jA 

y-yijll jjijII y* -UjilI PUJJl yiait Jj_A*Jlj JsiLJl fL*JI jj_j 8jj.n>.»ll Liljll aI^Ai 1±jju fj A5 jjili jl 

^ ^Xw u*» $ J A 3Uiil J jU < ^ ^ t, U4 " <i!> Mj ■ u-swi jU' > fliii 

. F L^j^JI HmjJI JuP ^L-Sl jy **II tjoij CA JaiJl £• ft 'jkjljii Ayl^j 23-11 
jij j j'i ACB Ojiyi jli . CB j^uiyi Ljij* jlSJ*jLJl j* A*>j 
■*■ ,;•»-; . jJL-JI t5jL-.li CFA viJjiil jt Ij_* J-Iojj . ft i-jjljJJ vijL-u jj& 
j-e lj-> Ijl-uw y*j) JsjLJl cLiuill jl£ (jli . FA j CF jlliLJl jjLn 
jL>iL-u ( CF ^ jjj) FA jli B jj cajaJU ^ £—ii vis j . > y i 

^JL Lilli ; bj_SJI j~bj Juai j* CF + FB - R ji >iu>*. FB kJjjZiJL 

' a^IIiN ajv^iJI 

• iTjll *li>OI Jai Juai JLai y ijvu *JjS HjI JjjJl a*jJI 


FB^f 


, f-R 


(23-1) 


jtj jiJ y-Suui j-ujyi JS jl LLi l>^x-a y-a) 4ji 

tjUi fkJI LlJj Jii 0l> p~jji ji Hi i»i ojjjJl (> . F UuJi yii Ju> 

jJ* . F Jji> y-5* i .l 'i Ail Cuilj I j* AaiJ AiaL jl y- ^ i 
AB y*jill «lu> alyi ji *j->Jl kill j jIp LLiL-JI Avi'il Ijl Uil 
. ijLi> j>-^ 23-1 aJjLII jUlil Aip C>* Li j|i >-1^ ji 
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J_«* jl oTjJI r ui ^ijt JiL> j •>* *»2» Uj Ji li&y 

Jtjj ill g)J! jJLaj Jlby . 1 * 111*11 jU wi-w v» Lf-ii fyll 

^ii» c.!i Ljljj JLaj . 5;)JL; b-E J-* 5 ^ Lj-iip ^ 

jlil U^l m-a If. ^ ^ cH **<* > 

du> iiiUJI cilfjSJsJI ji ibli l*Jl*aJ i>£ Ob 1 *0^ W u* ^ 

UwL< Lik» coj^I oviJi 

O^jiu blj* &J 3 J ; j*)l i fU 23 ^ 

^j 1^,14. Ojilj oil- iiSbil buiS'l J^ 6" i>- _uil ^ ^ 
^Ufcil,* tel ^ yJI J> **i^l «*j 5 > IJil hr^' ^ ^ ^ 
jjl^Jl iiUi fbuUI j-Jbj : JJ <> bwlVl oi* a>! JJJb bljtt aty . J, 

, F i <LJuJW '> liA o' ^ fc* j u b jW 1 

jy JI l*j jsL j&\ < 1 m% C Jljll *11*1' jS> j* SiUI Orf* ai* f 

. (1) 23-12 Jiill 4*-»^ L li»j . sTjilf j-mJjJI 

ljj» ^uy iTjJI J! J M J UI ^ J^ 1 f* 1 ' 

(V) 23-12 J_£JI ^ J* u . j>~il Ujfu U>^ ^ ' u 

. ^uJi jlxtl L-£p lj] lb 13 jtj u#IS«1ll uyb 0 1 p >" j V^J 



j-i yn—vill i*ii ij»i^ LH^*j 
uj-a. jjjLitl lj* JLU ijjH 

Jl U>1 ti-A *i> 4 jJ 
. il >JI 5 jji Aip 4000 C jc Jjjj u 


L^jCii dTjJII *U>0l ^ J^> p*ll 0* /i ^ ^ ^ Wl ** 

IjJ^ fJ b>k- Cjj*« »l> (^) 23-12 ^ & 

• jjA*l' lilj^JJ ■* 1 •' l "; 5A» i«»liJl Ji 
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(•juJI jLOulj u w 15 juI : IfwJUfJI oJ'ul' J^aJI 



jJ i.*. ->> i_£&i Laua l*Wi 

4_u it <kul^ » ijHj 


:23—13 JLi 
4—• 0 i» Jj>- o^“ 

. | maJI j* 5 jjLaII *Jb*i\ 


. J)l> j*j ojju _.^>oil ijjl Jl pIa^JI j.i ^ a ’ i j 1 

. j»>Ll lijlj* U.J& jll* jSajj 2 

jS^ J^> ^ <-ij jic *Tjii «u*jt j^i> ;n p>*ji t »iuuj 3 

. SI"jJI >U>JI 

jj^u £j>y JJ_>0 UiVl oIjLm JLuJ jjkC AtljiJl ij* j ,uku jSl ^L_/ 

■ JH 

JiDl ^ Ov^yl oljil IfijSj jlJl 0 p*>Jl Ijye jl**] ji *"* £$' 
jj *pa)l £13 iiufluJl oll£ 11]^ . 5>Lij 4ii-af j* 5 jLp £**JI Ia* 5^3-13 

4_jui^l »j_»j . Lfia Hajoj aaI' ^->j i£y* ^liao LajIs ; oULu'lll £*» 

J_S /u33 v*»^UJt A£lyJ' AkJw JjJi Am ULLb* ^lll Jl3 IxuaJb j» 
t_i>ly a.a*3 jj+uj . 23-13 JiiJI ji p> w> JiA» co-j Lfii ,> Jjd*»l tfl« 

, U^Ul 4*iSl p*jl ji£ aIm-m jli t j C 
LMSJl L^Sl JJ j*l-i 23-13 Jiill j j*dl £311 j Jb* ou^j li(j 
xie l_u^_o!l ULujJI JjJ slljli i ijbwj , 7 *l«iill Cm <*->15 lf*lSj 
£> / Uaiill J*Ub £**33 LfclVl c»i *1 h>j • <lUj 5)5b} • 7 *J**Ul 
1L/1.II I‘._.-A f jj ,yo I j .le .-.'.J<~! I jip jljjJI (j4 Uw OUMj Ijj Jjii k Lfjj^lio 

aLI> yu jji SjjuA>Jl Sj^aII i)l» ji: 5 jIu> 5^ jj] baaj . l^Ulll 

j_A £<>jjt Ia» Jlliijl Ju^ llA Ja>^bj . £A^JI Jii JJjj l*> ji-* 0J5l> 

. <4j3wll aljil Ul> j If; UtjSsJl ^<“^1 J* 4*LSuJl Ij^oJf 
■..■> .■ I / aJmjJI 3jv*s 3u jjjo jL> ij»L>JI aam^I LLum I jla) 

vIjuamII I*] jjLo* fM*JI Ja UI^Jl J*il)l J5 Jl tSj * 0 iUiJl a!« 
Lull £_L>JI tS j_>^I IxJJJJ DjijLill Sj^-aJt Jail A>j jl 

Ijli . aJL 5L pcJi ijyp Ja iulfJl J J—jb ji> oI^LaJI jJj ‘1^! pkuL 












(ty&ll jLiilj j-lidil: 

£jj jj^all Jaii j5 |ji aSjIi Lilli . 23-13 JSLJ' J US l*Jj 
. f—.aJl L-UJ ijJS'uil Dj^all <la kt f&y y 13) i 'i* Jij l>»i j-'j 1»> Ji 

Jit JUS| iA*S 

jy> oL>Ul! >* Jujil ^Jp Jj-a>JU oi» <A*il oljLa fUVi-l wk“J 
i Lj£j L»S i <uSju 1I ivi'lll jWJkii Uikj lf*ij* ijy*! 1 

Sj^Jl tfy & jil/jiy V vP^ • W* 6J 6 “jH 1 # 

^tUi: 23-13 JSLill J <31 Uj! k>%ij . <jZJlaJl Sj^ 1 J**-u LUiaiJ 
Ja^j It ti*j i Bj^JI jj5uJ £*>jj JJ j>>JI s* <-^*111 <*i^l JS 
JJuili jj o«il j 1 —* r—j oi* • p-^ k r^" hy»' 

^a>L iLSUy iiy-SU ")jyd I ji JlL ljj_j p-*»J< > y^i J *■*>! 23-13 
J«a>j Ljjli iuJiiax ^1*1 J F j C j# IjJ p*>J' O' 0* 23-13 Jii'i 
. OjUflll jAl'yS> ijjj Ji 

jj Lai i %41 j£Jj C o* *>"i <J»*i ^ p»*JI *-**y 0^1 

, i _ 6s j£«j aLfJl jl <Ulill <iy>Jl ^jiu-3 s/« . 23-13 Jii!l 

jjj-^ 0j»-a)I ajjaj . 0 Uailll JoP j*£u '-*F ®jy3* i> 0^*i 
yi jjbJl jiUy . jJLfli j^— 1*$} *ykj i5>l »* 

jaiil-i (jS’lj , C Uuull jjL> p*»JJ £a> ji ^ aj* 5j ysl\ jtflLai 

: : yiu> iljl <f*Ulj oi* 

, 5_^ji5l»» (j^£j jj^JI jji f j C 0^ .1*e 1 

. 5_jj~sJ< (jli C > o«ji £*) i* 2 

t jijJt o* lift- lJo» f-^ 1 *** ‘ 2 ^ 14 J^ 1 j» ^J 11 O^ 1 ^ 

. ^^aJI ^j*JI \jj j* <i}HJ! iwi'il *yj . F 0* y J i 

O LUi!! Ji dJi 3 iljil Ji o bj> Jy } F ILiuJL yt yl 2 £UJ< J Ji 
jUlkWI j'jJUI j-ic JZiw Jl}i ^ 0l F <ijyll <1 sa3JI i> aly' J! 
LJ'jIDI o^Sl j-L5wul jrfL-JIS j-spyi tyy f 5 & 
j^jjj; „«?„•,ii uiS'l jb 23-14 jsLiJl ^Jy, LSi t Jji j j op UU3 
J Jji> US <y»*> i : y> (/I <laii ji 1*U»» £»*" Jj • v^ 1 ^ 0* 


21 14 Jti 

jc IjjLd ujli jl US <5lCi!' UuTil jail 
j<3l— i Ji-iv . / UjjjaiiS» 

^ Ufu.j jS-i (/* 3 J 2 OlfrU-S 

. jjil 
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( fr^oJI jLillj j^tijul : 4 .i,,jj^ j l oUj^uJI ) jjjiyJlj wJiUl J^vDl 


V^j >j*i« V ILJji Ajj&» S j>o 
i — (*) j» ' d ^ 

jl . * - hk* (ui) j-1 Jl 1 — tiff 

0-W > ' ^ W J 

Lliu o j>a j^jSS »ij«l 
L-^xJ *!>JI AkJ M jS*j J* j V W! 
r aj^il. jj,-. 

1 4J»!u ju # v vil-M ojj^-9 Ifji Ui jjw Ifiyj ji .^L . 23-13 JSLiJi 

•l_i1c j tU. L, J_lu A«_iSl Jii j'j 4 _hjL_<II ji^ll <Jl> Ljalj . jljll ,.il» 
jjjuSij iJjGiiu j*SuL» ljyai\ jl j^ 4__»-iS'l jL-a j>—j jl Ji>}Lj OwJuLi Sj^-p 
; SjmuI sljil Lfj^Su ^ill ijyal} jiiijLJl jxLu>L>Jl JJ <L>ujuJl sis iiLo] l 

a j,s * i aIjjiuj . jtSu Dj^all jli t jj oLu ^1 p ^l>JI IjJ 3 

oljllSJjU. 23-7 


jau-J . jjj-jJl JL- 9j UjLm j-Juii 23-15 JSJJl J] £»^J 

Sj^—aJl fltijl U . 0 |«—uxll ^liljl ^ Ii >l l j# P ASLdl 

BF AiL-ll ji k>%tj i ij-tj) Oj^aII Mf jljllj >jyai\ j^) oLjlj ( I l j4~a} 
j« (I) *j*Jl ABE pLaJi , siyj f j^jJl «i*Jl ijjjjJI AJaiilij iljll ju 
ABH A—yl^Jl jJj J AjI . 4-dliJl Aj^UJl <A«i*ll j m IjaIj JiuiJI 
*j_*Jl DUE j ABII j^JUxll j^-JJill jli ou-JI li^Jj , DBE iyljU <ojLu 

; ^jk Sjtljlll joj a i .i ’ llI jli illiJj , jl^jlJa* (1) 

0,1 

1 i 

j AH jUil—JU . jl^Lui Uyl Uj» ( v ) 23 15 J5uUl J jilibJI j^llill ji US 
, k_u5jjjl jic Bj^Jlj kP>Jl Lclijjl La D£ 
^ I»j j«A. TiE ~ CtJ jl Li^i 

0 _ AH _ AH _HF 
1 DE “ GJ tV 
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(jLSuij u ulijjl : oL^suJI) cJlltl J^uJl 



23 15 

DBE j ABH jlillU (i) 
■ MXtJFGjAFHcpUis ( v ) 

fUaJI jl _ JM -ul yi _ Ul^itl J *) 

J_ *M\ IfU ji*j lib. jJUfl 5lyj 

. GB ^LuA 



( GJJ 4_iuX' iiL-u '.if ,'mj jjjJI ) . f Lx;_/j j [i f JajuaJl yji HF ijSIj 

o R W 

/' /■ 

: jli ( 1) ^ aL-jjvj lw jl jJLI lju» clj'-ay 

P.P-f 
«" f 


yli v^J BjUJj p ,J* iljUll yjjt 

«UM = | (23-2) 1 

p i f n 

. (2S-1) <JjL*II (> f=RI2 laArfj -v I 
j_v ( oLmJI yL*> UJ jr-ti-u j-*i t ibU* 23-2 iJjUii jtJ 
y-«j • f S^jJLl p t*Jl a*j y* Ji* <jjt IjJ illljj iTjll jf tyJ I 

| j_l> <i3 L> i <_L>y tfjl aSjII <JjUil 9AfJ U»- I 

^jLiU £_*» y-t J iXi LfJI iJjUll 4J-» jj , Jiki fiiy ji Sjffl jj£? I 
i_iil*4 <u>m _ji 4 JL 1 LJ i>oJ 4,1 (j$*i i )P jf $ l»Sj . CilfjKlI 

rfx-j JlL ^>>> i> ^ W) ‘ ***** I 

OH * p/i LhWI jlj ifjuJl oUUij^l oLa! 

jJLw ^Utljlj 3j_)_Jl fWjl bit V-Jl Js- jlky . Jf- w ji*s I 

: sTii <jx>j ^jJi jaj^u.' 1 ■ 
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(jLjSJU : 4_i l ij‘i^ II ) jjjiuJU oJtill JjiJI 




oaSJU (23-3) 

- 0 p 

ijuu i)£j 3jjd< jlj i T^x-aJI J^-iyi j* Jii I/O CulS jj Ji j* 

. lytiii Sj^-oll j!i «iv nil ,l»ljjl jj jjil I/O oJtS j[ lil 

23-1JU. 

. 10 cm 4 jU> 0I jJai Jusu :^u bT^ 30 cm mj Ji 2.0 cm ifilfcjl p-*> £*) 
? OjJjAi pi 4j u <> V ijjliU ^ J-*J Oj^JI ^>j *iy* A>ji 

■ ^rt t ni * JVjLuvI 

K i 0 i p OjjaII ^jlill jlc ijualt .uiiu 

aJjU* J-> |»J j-«j . ( 23-3 ^ ji* 4 : 

. i Ja J-l*J ( 23-2 DjUII ) iTjll 

? tjyel\ £&y j* BjJ-aJI p^v > JO>^ U^S ! Jl^«» 

jj _> LumJJi fjJu lS u Up j^L-il ji 23-3 LbUll j^ : 

i/0 d***l I 

IjJ UulJ) o*iJu pi LJjiu i 'iji Bj^JI ouli lj] U j*j>J w*i$j : JI)-» 

V L^juB pi «**» oj’i 

y^lill ^LijSl j* jjUJl ^-»yi 4-*j C iLlJI ^jl> p-*>Jl jj • 

Ajii'jll jLu p-ij j* 4Jl*lll jiajLo> i^axL 23-6 p-iiJI Mjiyi 

jju JJj jbj f=HI2 = 5.0 cm y» 3J*3 jjJJl j^ 1 i}»iilU)ij Jxl! 

yt Oj^all 

7 5.0 cm 30 cm 30 cm 

: jli Luijl ooj» y-jjbj l>tj 

i = - 6.0 cm 

Lin oliL-il Ji is«li Uli jLul J< J^ oj-U* CL-J Uii 

)* jsw^sjij oi^-y 1 

p 30 cm 5 

, I = 0/5 = v cm jlj lifjj . p-*>Ji pj»ck L> *«> J[ ji J i 1 

. jLu o*«.j li| Iaj -j J>Jl li* j* J^iiJl 
LfJ ( Lj_kj Jjyl ) C UsJuJI ^jl> It-yasA p'-*>Sl ji 23 6 ^ill j^ 

. 3 jMij jye 
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(obj-xJI) jjjiuJIj oJlill 


23-2 

a—i i>y J_>jl 10 CUt iijj_jJl lSJ/u ijAJa iij, ^Ul 5.0 CIT1 Mj jlfi fijj 


JSUl j_« ^Icij , oT^JU Jjj-Jl JwJl j» Jii iiU* jit y*>Jl mJ . 

J-fJ 3 -^jSJ jj-£ JI c5 J j-i ojk^|_l oui'il jLu ji 23-14 

Y iJUJl «jji Jt iTjll <JjU* 

jj±Lfj , Ji_lu L^jjkJI c/15'il*Jl Jjlluw dill j* jib pAj : 4 jL>VI 

: ^ iJUJI ojjk ji sTjll . <LL>'Jll ji JuS 

7 “(10 cm] (5.0 cm) 

I Jjyi) <■*<" JJ ®7jll <bbu J*)l 

T = r7r^- = 777^- ; * = —10 cm 

i 10cm 10cm 

jli i l>y i jli I jli i l Jjui) OjjjvJI OjLfjll j-i 9p> JjJj»o IUSUj Ij^Jj 

Mjj <-iy m & 0jj*aJLi LJL) i jli )jl Ui. 51jll ^ UI VLij 4 jL 1> jjfj ijyJI 

. iTjli Ju> 

i OjjJ&i ; jjt ( 23-6 ^~i)l ) F jj> o^il tyly y *>J 5j_j-aJl ^Lai jl 

W j-**s ■ o = p = fS ‘ = “ 2,0 : j* 1 yjiM 

5j^naII ji jjU itLuj JjJ 4jk*uJl »1 a jli j^ll Ui , Jlill f-ill ji j-*lU-< LS'-Ji 
^..»>!l ^lijjl uU^ 'flu 


o^iyjibj^ijjjs; 23-8 

^iy yh US ^kJl j« iAw'llI y-Sju » SjS j* ij> jk IjJlxJI O^SIl jljll 
. ilji! wlii jli j_> Ljl*lll jhSU i* oui ^ \iy> ; (o) 23 10 JSLill ji 
5WUI 4*iVl jA«jj . oTjil til> fjj 4Jaii ji iijiu culi y US <U«S*)ll 
UjaJI iL*jlj> culS jJ Li i j—L#j t pw*J <ujl^ij ^ 

iynill sT^ll UUs US jjjUl) ijUb ilLu ljuli dJj jSJj . 

jl J^SJI L-j^» j*j ^ISUiKl jyli 6* ^ Ulli 23-16 JUJ! J| ^L 
i AF- FC jli liSUj jiUl (jjL-i* AFC %±jJ11Ij . L^lu L3 o^La* ’- u ' 
,j»L_u AF jlj >Ij_ll *■! i>il jJaj i.i ■»> a-j OjUU AD ^ l* o lt jlS Ijli 
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iij)_(JI afr LiJ li*« FC Luyi CjLu BF j*j . BF 

. lf}U>ol jSjtj i^jll <uLul _a. nl u 



LM Uttll <jaH\ f-jJ L,pi\ JutiyJi oL Jli J* »li* pfes-J 

. <kjJ>4 #1ji Ot-uiL 

( W j' ) k>3^ ^ >> ^ ^ ^ J>^ lij 1 * 11 i r^i 1 

. jJ>UU tjjl^ 2 

. <Ju Jfi ijiy ityl «-UjOI £j» )*> <*3ll ^-*1' LT^i 3 

ti» fit jijj L^j! q» j5bjJ lentil wJLJLff^ ii’iUJl &j* 23-17 JiiJl r^jij 
, ?!* / Ijj^il UjIS ^ulS j] l»S c-SUUl iJ!AiJI 4*iS( jl 1»>^ . 4*1^1 
. 5 jut*) Uauu 4 Uj^juu Sj^Jlj JyUij, 31^1 

Vi“ -l i ^a*JI o'JbUl ,J* J—*J oi UaU^')' 23-18 Jiill J! LU*j Ijj 
siJllI ABII kiJiil ji .iLSj V/M k- 4 *^ ***** <j 

J o*i Oli. (-) »>JI J EFD Alill IFG 4 USII oij . (I) ^I j FED 
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( jLSjlj Lhiliwl : J**) 1 

; d^mlLI al^II ibbu ^ Uii* iJlill o'lbUil jl liiit'll L 

0-P . o = JL 

1 i J 1 f-i 

o'taUll :1a jj£ t Lujjlal !i> aL^j BG <jLll '»ij#J*l J*j 

jjj_>Jl wLiJj3 sjUI^ i jJi Ul (-5 yjJill i>ij jwJjUll Ot“l* tyL* 

■^U Jfi 

P i f 

S^ill il^U 23-2 aJjUII IfJb ^ iloUlli. ol \p)\ p Jbil\ >v - *i\ 

. iljJLI ulL> *Ju aJL»JI al» 0 I ji <v> J] oljLi'JI Lwj 
J JI i**i y> wlUi jjjJI j*jJl J«All o*ll ol* «iUj Jl <*^!j ■ M*' 

. iyli |-I~gl AjX>u i'jil 


:23—IB Jfci 

^_liij J^Ui.EBD jABtf CPU 

j) i— iJs ijjii j j JGF J BFD £&* 
All i*»ll *4 JLa* FG AiLull 
.FB 



oj>J< LJ^J u-JL 2a " 2 <JoWI U ghJ oolji ol l*&t 
Lujiyi ajj-Jl J**i ji UiiJl lit} . jjJljH 0* ^ 1 W 

OjLi'jll ^iiL»J jl UuiLV w Lillj Ul—» 4 Ljidiil 3j < J—ail *»* lil 4 

IjJ 1 dJi saOLcj . Lij*«!l bTjJ! aJjIjw j i J* J*iill o*J' j* IU 
yUl ijLtfl (JL>0 jl U&S Lib Ql—i Lj>JI ji^-*il ^ ^ 
: £W>J jL L s_ui jl - ^ <> - ^ 

1 = 1=1 l^kj (23-2) 

p i f 

; jJ£ jlfiHl p <!;> 
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(jb&ilj o j wwjI ) kiJlill J*»a!1 

. ^>1 ^oj ^ LJLj aijll pU ^~c>JI aJj bj lf>^» p***-^ 1 o-*j 1 
L»ei lf ! L»j (i_jiui» 5j_^>) »l ^ pUl jj^-oJl kiMij OJ L>u iu j^L{ 2 

. ( O^jiJ ) slil j 'ji 

4jAX* o'jl ULj ibuU 51^ if-ab L>ji kij^l JaJ 1 O^i 3 

pi lljiu Sj^aJl iiilS lj| Li J*.1 >u! oljb^l BJPli pliioJ j £wjij jl £*iu-3j 

: <JLw JjLlU j.u f ull <UjI«j uliui p-*>l! aj-jJLi vy* 4 

lf = -i (1) (23-3) 

P 

p-o*JU Au-Jl pbk>Slj li^U plil UUa^j jlJI ijLiJL) j-jlj 

ji HjJju oilS Ijj U U) Jo^jJ Lf4j>^3 ji Li j|j ; ijyJlj 

jySj IfJLi luLI* Li^ip <ji Ai^UI SJ1/)'I j* l»>yi} . Ojlii 

M =-ilp 3. •■ii ^li o^fy i j P j* ^ 0’ l*y • '+*y * **t i>£*3 ^ 

Ijjjj QL I jjull jjiy <Jjuw ofi Vt* '^y.* 3 ’jj ^ 0& 

: Lui ii^Ull :i» jiwJ) tf\ li£j . <u>^* M--ilp <j-JI Ja^i 

Ljli j i ,^Jli ll!L M j\£ lj|j c p«*>JJ **-010 Ujiu j#£)l j^ b] 

pjix-J ji - (<) 23-3 j 23-2 j^ibUll j_* - Ia* p*ll jt 4ii <^»>U 
^1 ol ; Li^l [J -*m jJu ji a^jJI y-iiij &*i p+1' o*) ■ ***xJI oljli’jh 

o^LaJI J jibs 

23-3 Jb* 

j 4 jjLsJl ‘^a)I y-i«j 100 cm LfilisOI ji>3 u-ej oax« 

J_a UoAJ} J^-ji . sTjll pl»i 75cm oLu jAe t}Ay* p-*> 

V ijjJij pi lijjuu 

I wT 41xl 4 JV Jluit 

plai^b ji^i i iT^ll jaJI jjpi j! c«k-,l l^p=> 75 cm l*J : J<>- 
? /■ jji jij JL)5^ f J^i ji 23-2 iljUll 
Stjil cJlS 13! j5Jj ; SljJLl ilbJI jLi J-»i Juai y SljJJ jjiJl aaJI : ^1 
, ilyil iijLu /■= -50 cm jli cjai 
v ijyA\ ^oy jb^^' i)jUll j* L : 

«*■ ^ **ti**i- !=mLj-( tL) w 

, ll’L l^i (i) 

oiLi li| L Ji>i uLjSj jwiiJl jd^i 1 bj : Jljw 
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v Lyi» sjjiu 

ojpU yLi M ox-*> Ijlj , M - -Up o' (I) 23-3 UjUI o* ^1*1 4jI*VI 
. LJli pi iliuu Sj^rtJI viul£ 13] l> J JX*j >_j>- *J 4 juJ1j oljLi^l 

jmJjLHI f liil o' UiJ» 1 i Jl*} 23-2 Wl J» ^ , itikUlijjnll 

; 150 cm 

1 = -3- JL- ,- i- 
i 150 cm 150 cm 

uil> Ojjjij ijj-all o' J* <fO ijLi^l Jjjj . i = -30 cm o' ■*** 4") 
Ojil* <u jrj>J iniS'l O^J JJ*> o>jJl £*>ll >ft lift ij^aJl r&y o' j&J , SKl 

yt 

M- -=$^2. - + 0.40 
75 cm 

o' <-**>11 ijL-i^fl i p—•*Jl f->> 0-* <5Hl ^ 40 >» p*> o' 

. Uiuu JjWli 1 


23-4 Jii- 

J» U p-> £iy Oh' . 40 cm Jjjfll Uow o yu 5lj» o' v* 
? tljll pL»i 100 cm Jw jit ft) 5j ye 

iJilaiA JVuImI 

? i«-*>ji £>>*} i»>uii o'a»iii 0# ■Wji ^sJi <3Mi j* i*: l) j 
; Wjll HjLu l*l| Itfp 

1 = 1-1 

P f i 

v t^ijicLil *_**I>5I <**>vJI oljlfil j* 1* : Jl}« 
0>Sj oTjIl pU ii>£il Dj>Jlj i SjA*ll oT^JJ Cu-ill 1*11J '^>ytfo£i 
. l*>y i 0 fa 

: ilsLity J*l! 

1 = _1_1 _ 10-4 _ 6 _ 

p 40 cm 100 cm 400 cm 400 cm 

. uJ^I jLm [-yi c*iJl :ift ,> jbJI J*Uj . p - + 66.7 cm lift lil*y 
j... vi i <ul# o>^i o' yufl^l J>*Ji 1** 2.5 cm 3 j>«aII J>b jlS 0J : 0 J>*i 
. 1,67 cm : 


















(tjUOI jLAilj ^ISjuI ; ^wJufJI •idliJl J^iJI 

23-9 



jj_« yt US j&Ji UjLu j|j ‘lyfjl j* <UJli »Ul Jl vyiJl j* Uj> J»Ui UjJrf 
j>J Jl L-ij ^4 iif flwSJI :L>ol ■ 23-19 jSuiJl 

. jLAi'llI Ojlj j*~u ft S-ijI^Jlj LyL-Jl Oj(j xJx'U ft 

k jj ^-n«’i.ll ^USJU feu yt US i till jli jj <UJ>JI jj La^I ‘J* .^Saj^ ) 

. ( JUJI fjtfl ji Lr ilSuu'lll IS* jAL>iLi US jjj 23-19 j£Jl 
ijks Lwj Jl ciULS kwj ,> <Jliul jjfi *lu5Jl #1 >jI yij iljj ^L'lll 
jj (UilSg oUj-a j JJllu *yaJI Jl£ul jl 23-2 ^JOI ji IjjSj US a j>I 

^ V* ^ C V ^ cJ 2 »-' -W 4.Jk*Hij . 

j-uili gl li ll j* iVj» i »Ull fllui 4_^j ^^aJLkv,! lijjl JjJt . JjkS' jljll ^ iik jiSl <ilj £ l j*ll jj 

. U -ff n W J^ 1 J^^jUwlw «ykl «y- > k-yi 

fliJI 

— — - £-,» (23-4) 

l 1 k*j)l ^ ‘jUJl 



2 —j.)J J jL-<ilWl t3>)| jAl—k j-t 
J iii Uiit iji»M Lfrli , jijj jaLdMil 
■ *UlJ 


: 589 urn djIjIs j>$a Jjt Jutf o5UIm ; 23-2 


clv-n 

ijlll 

civ = n 

m 

1.52 

Ctf 1 / 

1.0003 

♦.|*ji 

1,53 


1.33 

.Ul 

1.59 

jo^ 

1.36 

Jyiiil 

1.63 

j^ 1 j 11 " 

1.36 

jyy- 1 

1.66 

ckli 

1.46 

^*^1 j 5 ; 1 / 11 

1.74 

wy. 

1.50 

oty^\ 

2.42 


1.51 

^^U^aSLJI ji cu-.jOl 


!.lj»JI i*jJj JwwaJI Ji/u J** « 


jjiAy ^Ijill ip** jb+t 4 >uJI USIj A*iyi j* jiSi jLSi'il JjLuj 
jwn' Si‘ ^1 J 4 U 4 jl Jx*}U ii»A> 1 n ; LS^I JjUI pi jl* 23-2 Jjj^Jl 
<UuuJu iji* jLSi'jIi jjiw j^ ot> j <u«ju ^Aiji a>iyi ,> k 
jJuij LiUj j>Ij y> ^l/ll jLSlI J 4 U* ji i>j 2.42 yj ^UiU 
jyi3j Jju L^» J>- L*S iy-Ul) ^yll J 5 UI JW ^ 

^>Sl •yjJI jjfi i»j3J L-Jj jjjSl ^ySl 
JXSJl j-J ji^4 p US ol^*)l iSj> 5—iljJ uA-Ull j* 

ji ft jLnSU'Sl lijljj ft iyiJl ojlj j# *i>Lp Jl Jaw jSJ 23-20 

jjSiwj . ua j< jjSI di culS aiu>j 2 k-yt joi) • 1 -twy' 1 ji fi ^r 1 
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( f-jAJI jLiilj Otrfj^u)l ) jJjijJlj kidljJI J*i)l 


j-* ^ ^>«JI ->u* »*li>^l i#^^ll ol^fil 

, 1 iv*yt Ifi* 2 iujll 

A'B'C £-ijll J| ABC L>yi <_^j> JiluJ ^ / Sjiji. cJj *ji yi^sji 
6 = vit y* t »jIjL <>j ^ 2 L_yi ^i i^jll 4^1 45^ ^sli oLuli ti+Jj 
b ^_Lc d li*-i lili, d = tMf y 1 k»yi Jf u>^il i^Jl 45^ jlll iiUlj 

: ji l»x>-J 

b i>,j 


23 20 JLi 

Vjll y* l^i Ji*-< JiSS <*y& ji 
AA Uu 4 u\* > 1 W‘ yi 4 * 2 
. CC <A-4 j* yuai jyu 



: ji Jj JI *iU?L JSall jiJwlij 

sH""' > W = S ""> 

: jl Xhj vijj-Sl ^ jjilIjUul tjjbvJ LJ jjj 
J 8 ' n #1 


6*1 


dA , 


= ~ ji^>j 


6 y, 


»in 0 ( Uj 
sinfl 0 u. 


(23-5) 


LIjUII oli5 JjLcJ Lu 5 «j IU_j u - cln jl jL&*il Jjbu ujju j» l jSji jj 

: Jl3K(tt4 









(tj^JI jLijij ^jbuui : ob^juJI) dJbJI J-rfutll 


sin^ c/% n 2 
sin0 2 cln 2 n, 

^uuui JjIaII cjj» v’oS *sjU| 
n, sin 0 t = n 2 sin 0 2 (23-6) 

: j*) Ji-» ^13 jSii <4- Jli*i . Jjuj ill dj j*iL> U j*j 
. 'JjU JJw n sin 0 •jj-JI J-»L> jli j>~\> j# *j^JI Lol* 
j. >JI ^s- |>l5il j^oJJ cuoJb Uib yLlii LyLJI jiijlj jl jSiJ 44) 

• o^y 1 on j -" 1 * 11 

sin ft jli t m j* jt $1 ni j\£ y ji 23-6 J»>}U j* ^ » Ui . .. 1 

J ^jj * IuiI UbJI ftj-Aj ft j-» ft y! j-*** si® ft 
j ‘j-t jA-tfi m 4 y«Ul JUJU ^4^ Jl ^b>l j 5 <ii *ifj , (I) 23-21 
jjj «Jl*J! ai» ,yj ; !)(li ll v 'Jl M\ J* J&J l&y* yj> Jl> j *j ■ ni 

. ( V ) 23-21 JSAII jk 6*- j* US ft j. jiSl ft A IS! Lia- 23-6 frUll 


:23—21 Jd 
j_iu pUu% jii m > m ilj (i) 
JrJ m < m Ji ii| (*) • •>**]! jJ 

. J* y2*3 






3U-j» 


fUci!! jlJ rij < ni jL5 Ijj ui ^ y* ,^1*4 £U-Jl J:* > ni jl S Gj 

, jP JHUM 


J> ^WX| >tu> ; (ft = 0) Jjfvdl bdJi jljuJ <J+i <M>i> iil> <ix>^U LiuC 
LiuJ Vi j V'j. p-ii j_P jJiill yiuu ft = 0 y ilUJl ai* 23-6 JjUII 

‘ $ Uj*pj 

Orf 4*1*51 > j>Tj la-j j& J*s>Wl d>jl J* i»3'—Jl »»-»)' 

. ^HJlJa-yi Jl 


23-1 j>*jy Jli* 

sLfj'il m 37 n Ujlji* jlci Jl *lil j}J ^Iaw y*a>iyJI j> ( <>y. 

? Jjf-J 1 J| 4^ £J*i J^ 1 J* ^ ^ 
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( tyai\ jL&lj ob w uajJI) jjjiuJIj iilDl J-aiil 


1 lu-yi ji . ij>5jil DLxll 23-22 J_SL^JI ^J> H , ^nLi« JVoLJ 

nj = 1.00 j «i = 1.33 is_yuj Ji-i ^aaLuj , y 2 «Ul y 
: jli . ( 23-2 Jja^JI j*) 

1.33 sin 37° = 1.00 sin ft 
sin 0 = 0.80 
0=53“ 

»ly—II 0—' J! jLSI'Sl Ljij j>«i : jjyii 

. ST : . 53 n Ljljili L»L 

: 23-5 JL« 

^L>j 4_>^i i L*Jb 30“ UjIjm Ojl y> *lyJl j* ‘_j-a)l ki-j 
£)j> Sylj y L* (i) 23-23 JSill on** y LS M o‘lA 

v vlyJI J] ^l>jU JUI JiJi (> *yJI 



23 22 jtt 

l i fc Ui f Ull udu 1 kju* 

J- 1 ! **J> ^ if 


23-23 JlA 



■ uWJ>« 

i 

W 1 


\j°- 

V *•* 


\ ♦'>* 

. .jB ’ A ! Jl 

e 1 ** 

mKf : y\y 6 * #*> 

jit 

\ ™ 

A 


•!»* 



w 

(.«•) 

D 


t^hU JYjIhI 


V ^UJI fLkiJl 

aLxjl jjb>u jjJl I.LI y U : Jly 


^LLJI *LJl j_»p *L*Jl LfJu ^Jl dull I jJfi JL j^lii jA>Ju ; ol>VI 
ojljJl jLkjI «1LLc_j ^l>j3 oljSil ‘Iwl £l*£ll jLJ k i kk i (y) 23-23 JSill* 

4jkj ^ All j-U .l l ^ip *^jJI ^jJI ft j 

? ft! j ft u# ofcdl J U : Jlj- 

. ft* = fti (jlj jbjiy* dojili 0* ^ 

? LLo'SlkyJl LjL 02 &L L : Jly 
sin ft* = — sin 30“ : JJL jyli ,> : dl>VI 


jl jjL j* ijjSjJl c/liS*ll JS j >ii i kiillfclij Jx' 1 
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(jLculj iyli(ul : oU^ufi) Ojp*)lj iJCJI J^ill 

sin ft = — sin ft = — sin ft = — x — sin 30" = sin 30" 


: 23-24 Ji*l 
■ y4*J i> J* 

D 


ft, ft, ft, «2 

•L*rfl pi p gU-jll 6. ^ *yjl J J! j* U. fl« ■= 30“ op li* pj 

Ujjl>J pi oliJsJl j* jj£ ji ilU p »i* p**ju l^wj <4 J>j P 
iyu l«.u£ o->ji jjJu )l <j£J) Oj_> ^LfclJlj . ojp yip* 

. 4ii Ll* plJa-p pi j[ 


23-6 

jjp. oL>Jl jij OUS'I j.Ll jpj p 23-24 J&Ji p rpil ^UAll Jp 
£jl>JI £juU! lf*p pi ft OjljJI Xfcji . (> £pal' jpiH Bjpii 

jpJJ o^S'l p piill Jpl £• 



I ^,'iitrt‘jd JViXLw! 

V Ji- jp JS> i> 04p Luy pi 4*jljJI U : Jlp 

; ft £• ft Jj~< '■ 

sin ft - n '" r ■ sin ft 

rt quarti 

. 23-24 J5LUI J B Uiill JS> p*jll jjmU pJU pjl;JI IslS Pj 
? ft jL»J j£u. Ji^S : Jlp 
t ±u>< 180 c *iJili l*ljj p+4 k Uu*JI yav /is# pu : i*l*?l 

ft + ft + D iLyji = 180° 

Jl jULj 360° u> (£Ui Uj WJ*i pi) j*yI JiAll WjJ ui ^ 
^ C S^ljJI Ll 90> B j A pL-jlpl ACBD pp JSili 

iJj'jJI £4 i->pl £*Jjj ■ 0 = 120° ^jljJ* j«y»j Ijp}. oLL*ll o* 60 

: ft . ft 0" J! P &Wl 











(tjjjl jLSJIj \ } iJUJI J*jJ| 

ft + ft = 180" -120° = 60“ 

? ft Jill U . Jl)- 
ft cbl5 IjJ ft ^le A iJaSJJI jk JL- jjilj jok . iityi 
xj * ojpUJI jjl* JJUl £IaJJIj (>0 n jjAlil Ujj jo iylj J5 J ^ 
. ft = 30“ jl ^jkui 
Ojl}lb U* Ijlj c 23-2 JojujJI ,> /i qMrtl 3LiiU)> jv Wi 


sin ft = 8in 30 ° = 0 342 

1.46 

ft * 20.0* 


ft J***j ft 


: LfjJ 

ft = 60“-20.0“ = 40.0’ 
nin ft = |si® sin 40.0“ = 0.934 
ft - 69.8" 


J-^ 1 if* 0i^ ^ B _J A oio jrfUiJl jl y ,_uJj jo jixl 


.23-24 

“ij-f ^ $j IjS j. ^jLall Jj-iill ^ jl Jtfjiil ; jjyi 

■ j* 4 ill JaiLJI ^IxJ! jJj jLa LkoluJ ^jl il^Jl jj 


(cm i 


: ol>Kl 


J>U\ 23-10 

• i _ r »—u ojxu 5 jaLU JU> jx5 jji^ jjj,, 

Ch ‘J—«J' J*> jl« 4#*l*)Jl Jl*lS'l ojJ jp Liui UU_m ytL'l *»j 

oLtukJl j^ JU'il SOA ^oia-Jj , oliLulIj ol^LOuil J}1» 

jy'i'l ^5LLi4 v-Jali j-i JUS'I O^i Lfioj iyI l^yi 

j*k; 1JL> Jljj ^ o“i)Laj^l ^JIp ^ Dj^l oil> Lyi 
JJ *‘— J ) 0-* *_J—all jjjo y*P LiIjOj ioux ^yiiloll ^ISoOHl f+L, 

O L*j<h Uj—» o i Mio 23—25 JLiJI j^j Jj^l jo jLa\ o^Liji J-Uo jli k-j 
lj*uo jr&i 4iji *I^JI JJ »lll jo 8 flxUl jtJ Uoipj . «lo U<_ tiiaJai 
J -* 4 ^ yk-V .iojou jl jXuLJl joj . till .UII j^oaJI j# 

LiU! ^IaJ| LjJUxj ^1 iilJjJI ^Jujj ^joiolll flxill y* B' jj^ IjSjbj ykJI 
-889- 












(tyJI jLAJIj yjlifcll ; AmJu^JI obj^uJl ) J«mJI 


Ja—— j j—4 iujlill ?yal\ *JlJ> jmW’t 
lUUf) > Jtf »jluiiJ J4U4 ixw J 

lj|j . ikS > .IU jj*) jC. 

<>-4 ^» jw 4 *<y j 

PWlll jMtiu £bui illUk JjSj 

. lyiJakJ 

Lyl^ LtiL- C j_>i L;ki j]t ^jjvajl —>4 , (jmSjuIi ^Aill £klJl jjj 
Lu vj_li 4i>il Mill ttUl jj U^> Ja>j ijj-/ C ji<*V4mI f'L*Jjl» jmaJI jj jail 
. jxaaJ I Jl o>jil ^ISj ^^-5*11 jjJl B' J*»o 
, A 1 11 fl*^Jl j tiu (i—i) 23-25 JiLiJl 4 jluj . "iLuls Icki JLa ji 
. ft ^j-J> byuJi 4~>j> orf ll» ,(ftj = 90“) ^k-JJ Ljl^* *J jtliil 
tj_iJI jS ^,1*14 iij . j*£jj tlui llIlk j»ii jJi ft jj ji £I 1>»jlJI <j)\\ oulS Ijli 
*-&i$ JJumt jyLs J^kiuj . LilS UUlj Ll&ul U_jSj ‘Ul J>b J^>l >j* JaiUl 
: JjLij'jIi j4 i_5*^l 41.4JL i>j>Jl c^ljll 

m sin ft = m sin 90" =/12 1.00 



dJUj 

Hin9 r - — (23-7) 




. nz < m $\S 111 1J j-liJl ( _ J -L>-ljJI ^LSjoIII J jJjj ll> f+Jl > 

J_> 23-7 UiUU ID A>iyi ojlj *>y 'i <;! ^ 

. m2 < m ^ lj| 

41 c * *LaU ft = 49° jl iivf-u jodll jfudj »-l^* 2 la-ijJi jfij Ltkip 












(jLSilj ^ISjwI : MM 1 ibyull) jjMli jMI 

c^Jj ) ^USl J^io 4-jiy ~*-p? 5-il o* 24 ' 4U i 

( JJj >-• jfi LnjLS)i J»bu ojU Li Jib j-£< y> *j*M i> > Vjlj 
^Jl£ •Loil JpJ»Jl |> IaJjS U«b jl j«liSl |> jiJI 6% 
fjJLy , £j-*i ji Jj 3 olj-* OJ_C '■—j!>Ij *ji)l J&H Mj M ^ 

u-l£J jjjJ* *^jjl 0% • > J* j &* l J& M ^ ^ 
JsjLJI >_. I*j* ji *>. J£ jl» IjJ i*i>lJ' oL'i^Hl ji 
Ji j-fosJI y j>li- M J ^US' <> via ji* L^j . 24.4" & jJ Vjljj 
oa*ja)* *>jSl &• £• kj* 3 •*/ *S^ M 

23 2 

. 4*jli j* j^Ul Ljljll filJ jjAw > ii‘- M 23-26 JiAll ^ 
. JLJfi ul*sl £. 90" iijljv r>oj JS jlil-> *»W «> ^ M i' ^ 
JLji\ Sji-i* £>•* . *I^J j U»U« jJail ft\ 

i> ^ M *•>*' ^ 

■ *■ ~'-^‘j Laic-j. jlilJi jjJSk2i\ << JVxwl 



j —l) JiUll jj# i> 

JL^ljLtfU' J 0 —^ Mi * M *j* 
jL_i . l+kk-j J biji-jjM 

•aJJI VH.). Sh ja £i*eu Ifwii Up 

Jill j il^l #• »JW^ 

y_ii 41 >V' > E>j 

J>it i-i ^ ^ 

• »j>^ j4i ] jW 


jljiiL r^JL, ^JaJ^ oS A iliill *U*;i j\ 0;J Jj-^ 1 Jl 
La_JI i^jij jli 45° Lj-u JS w Jjju jj-llib Ceijlj jl Ai>j • (Oi = 0°) juaJ 1 
jji UcfjU .L^j!l oh > I - 4 J | Jl*JI tyljllj • 45 ' ^ ** 

jl ^ J UUI gUill cm . 3 ^ Mi sin '(1/1.52) = 4L1* 

J^JUS-J ^IjfciJl oi ^5! JdjUI Oj(J J*'- 3 B j.ISa^I B ‘M 1 

li_* ^L»Sl old'll 90“ W** ‘^' il ifj M 



:23-26 Jti 

j_ki ^j-Jc. JaiLJl f >ill yUj 

jl.U j—. *j>j* fJi J>il* M 
^ 90 11 Uji JL g A) jB 

. jUi »4Jii 


lj^_Jj j^mJI ebJI J^L ^1 p C ilsuLJl jic ^ M M 1 

. 23-26 JSiJI ^9 6^ y US Ml J^> ‘^13 y 
jl & u^S-rtl d> ^ j»> <J1 Jf 1 ^ i» 

oMl 3 j^LUl Oil*.# jj ja-iliil j* ylll lj> fMLuj J>m» yL 
tjjJI jU y i*Jli Ijjlj Ojijij M y v»tiii) 

? <*ili ^1^ l^ju *yd« JM J^i t »UI y jM 1 M °! : 

1 (djj oujI ) 61" tlilj c* wk^ 1 -M MjJ 1 0 !: 

t J_jj| jiuu J Lt£ . fl 4jaii)l M tUI J>b jaM a>jjj ji lii 4ti!j 

. Iji> iiiijj j^jSuw 4iji <iOlS jlj JjUI^ iM* 4 

oliMJI J5U O 4 - vwtf • M 1 V* 

jJ5‘ j-* <iai> 3‘IMI jj M M 

aIa <Pw>a poiji-u UiiPj , ( 1 ) 23-27 JUl on* )* jMlI J)> 


Liil 5 Jh Jl jji ( b^jJl jyVl W-LI J» ^ILtfl U >»j ) iM 1 uM 

















( 1 ) obwauJl) oJ'JJI Jrf«Ul 

AkuiJl oi* Jl* yUix . >! J| ^li. <> LjiSl J}1> L,Jo J)JL> L f-a*J 
. ((y) 23-27 J£JI) 

t 3J—iyll O^IUaI^I JUk» 4_j_yuJI JU'il - Ajji>S| ol^uJl ^iV'l.-'i 

oijLuJL l+Jii j-4 'ijj <Lu^l ol^LJ)'l JJy jj$3l <a-S.I (> pj> |>3«J iy> 

• oLSji .^j L*jj 3 c*i5 ^ill jj^DL 4i < l.. , !>Ul ol>yij iLoj^5Ji 

(jSj . 4-ilkll |j^k JuiJs Jils olj uiyi icUui^ ljj^idl lj* 
ySLw^Jl oljLiIl aZ j* la-» jxH> jS\ <u5*-aJi ob*jil aay 

*-tjr*4 i-*j> W_1L yS*i oUybUI jt jjZSj jjiSI y»i jlj 

oL>jll Jj lyJ Ljlii 4 jj-> ‘tL-ilj* «i oylii J^Lii Jijj L»j Sjjli* UJ Jib 

. ( ^jIjJI ) 

:23-27 Jii 
i — M Jt ***& t**i ( ( ) 

. jiSJl ^taS o^Wil ii-l* y*l*j 
MS ['+S*~SJ» J * ) uM >&* (v) 

f >al] j ±*oa i jijj . < 1au 

• i^ (Ji—li JkjH I i*j*l f yill 
y_c fj—ill yj#ii JUi fuj 

*y^S . i,kjut J-ilJ j4o*l 
jf> »4u]I Jit jja Jii foul l 
jc ; ^ tfjLi Jlufi I 

!_—4 tjjfcj . ill j-L-aJl ^ 

> J - rt' l iii jt j ' a 'n 

WW 1 <—i) » >- 1 ♦*» 

. ( «*W> hAjtyl yj . 

(V) (i) 

^>11 qLjmJI 23-11 


yijii ^Ic lyijjiuj ClUj«Jl j> Bjjli lylLuk i yS\ jLil‘l’1 OjJkLb OX>j ail 
^_J ■ijjl»iil Luyill 4viSl jj j' lajj^ istlau i^ap jwJI 

^ Ji- u^il3 jftust iJtiS la» Jjaj . <jjy iiij ajrf ijjla *ikb 

. J* LsLJl ^!;L£I 

•dxiL_JI ijZaj illlaSt y>l>3 oIjSj O^aIwj ,aLIL» 23-28 J5u«Jl r^y. 
UL> JJ ^ oljfll *u>3l . oljffl j>>JJ Ojy ^ Wit 

y» t3suJI ^_ia Ciliia 4. ko jifi jLiu'i'l j-ub pU Jiy . C iiuulb 

j_ijii L«[j ((y) j (i) 23-28 ^ J . fc Jl ^ U5 ) jj>JI i^isO L»J 

J <> (( J ) J (-*) 23-28 1*5 ) jt ivl'lf' 
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(*jkJI jL&lj : iUrfjufJI obyuJl) DUJ' JmabJI 


:2:i-2K JL 

j jil iu’i jit 'JItLi JaU 1C jLui&ftl 

• ^ On 3-^ 






lUi-fJ 1 ^*J! 


:23-29 Jli 
oJ»Ul ^SjljiaS ^1 ^ (i) 

(lj) . 4 W«J1 <LJ 

j—• O—aii ult jl Lai >l£j 

. ii jik <u^jl 1 ifjjjjJi tUil! 




Out 1 JLkj J3Ulu jl KJ rk-^L 1 irfi JjUJl ;J. » |II O-JL Atyjjt uj'J' 

IJsjI JLJI ‘j*)b fbjl p;J fl 

pa) (y) j (l) 23-28 ji&Ul jj>k-< jjjt jfi jh*3-»ae J** jSl ^ 
jjk U« , ooiJl ^ 23-29 JSaJIj t < J ) j (-*) 23-28 jAili 
jjJl ujuL^JI LI « <_'A*Jl » iJaiLJl out Si jill> jjjl ou*JI uub jis 

L*ii S Lwl j« fiyi . 00 * 11 « jjli »ij~&il iuiSl jk 

J_5kijl jj ij—itull UuiSl jli ,ij£J' pkJ! j* JU*S-I -ue oi S] j 

jjiSL (y) 23-29 JiiJI ^ bityj oo*Jl Jil> F aLlJi j pB* (») 23 29 
j_lkj lij—lj. . 0 -oaJI |»L*i F aLaJJI j* i«jli oitS y US jo* tl u*j <!s»* J* 

itiillfF Jaull , yJ/Jl Jt Ujiij ( ) its** j*LJ*Jl i*U ,jt 

j 3 _xJI J 3 J» oL F iUJl Jj LjaJI jS>a j# U f oUlj 0 L 0 JJIJJI 































( tyii\ jLAiU j^UjuI : oU^uJl) dJliJi j^uUI 


* L,j*U jj^JI julJI ^ I 


jj UjjLJ' 4 juS*I Lft-iic ^jj( UaLJI S»« >.» (ijiLl ) <daiijl 
^4_j SJyLil c—jaII Sjj^.U . I jjii jaj 

j_l j t_& 1 ^_jLj ^ ■;*■ ill jjljj jLvl duiLj 1 ■Uuj'il qJjw jlll AXaXjjl 

. <L>JjJl Jffi l*j}j4 J*J Ljjji 


jj—ijw ■* ■ jLi . jpL>y'}l ‘jJ—i ^ •UjiLl jj jLlJI ^jli *.,h *-^aJI jl >lu>j 
j_* lj^J5 Ji! jlS ij| 1 iiJj LaxJl oJ 15 Ijjj . i-ut» jic sj>lj 
. ‘Uj^aJi ^*jl> Js ^uj«Llu j jU li n jle j'joLl jb jjjJI 1 »jaj 

J ,3^_w Lip UuLO jJJ . i-jjJJ uL>jl iboj iSj|jt 

: 23-30 Ji« >jj»JLi jiln.^jll j< JiT ji fj^ll ■ lv j .' J «j> J^b jnkw jit jL&'llI 

ojiJi *■■..» ?. :i^ ( ( J ‘ ll j*^ '-&> ^ W* j O*^ 1 



(w) 


^ lllSJ I iTjJJ i5j3_iJl J-^Jl aJI> j-> J* 1 ^ 1 o* JJ*f U <—wJ JjjJI *>JI -i^h ’ 

jL-iil J»Lu LiJ j i** J 1 j_pA il* jLSJV' jIjJu Jpsy : ypJ*- LimII 

<]jLuj Li JjIjaJI »I» ji‘ toy* jjjl j-Jljll vjj'V) ■ >+f L-*Jl 

: oLooJI OU 



. i^jujl iu»j)lj i-Jwl ;LSul jIiLm ju L-*il> ji . n - Wtni /Jliurmwdtom >i»*> 
jj Slj , ^_U < — »■-! ^iiiJI yh .’ i jjjSl ‘UlJvI ULu Up A’i j Hi UI 

*yjiU jj-ii LiiU U!L_/» i-uJI <_*>U List jjJi jis-JI UoL L*^t «*pjLS| 

tiUjiJl V_JL f jj}Jl *uU iJjUil Juu} 

. 23-30 Jiili j <^ll 
















(cj^xJI jLiulj jjlSuul : ‘ U .i. v' tjJt JmmJI 


<>jl>Jl 4 f i > ll JaJXj Lj w!S» Jjtl iiLu Jill; iuij^l t\>J| yll 
jAi Lib :jl«Lu 4 OuiSl o>l5 lij . (1) 23-29 JUI y Li' L>oi 

»ljo>Sl jli <jjL 4__iJaJ >buJLt . F jjiJ 1 V>J ,««a»,u l^j’i a U> J' cilfAX 1 ! 

4*>yi Jc^ L« k»jSl *j*Ji > jSSl JJic; 

£»lll lit lil ^uuj . (y) 23-29 JSLiJl y jj** y> L5 i »U*il olj 
23 29 Jlili y 1 >uauI jfPjjJt ixj* jj J L JJ Ojisllj j*i Lull 1 

. jfijS ^iwl t)» jj i^SJl oLaJI j&j 1 

» L**>j Aj.-Sl IfJlj v_jl^aJl io Ifjp j-vjJI JuP iL-l LjJaII culS IjJ 2 

«yi yi k_»lj>J' iifi L$ip yjijJl jj>Jl jup ( Oji ) v_i»J ojli lj[i 

oj-xi j'Jail «_jLulj j5ly lijijju jjjPyJl yjjjj aI1»I ^hSaj 23-30 jfuill 

LpL' 

4_’jju 1 4_. ayjJI oL-jjjJj 4 jl.jo.IIj 4_o^l jLoo 23-12 

^1 iwJjJl 

Ju jj_> 3 L>1> Uil ttiti jl_ SJl> y IJJLo LS . .Ui 

i 23-29 Ji-iJl i _ s _5 1 |Jj fLiJl JuilL iLij JJ) , iii, L-JP ikJjj <*j£ll SjjJl 

j__OnJI i_il> tjuJI t>j j.,iS ij «£« Jl jjP\*D ^jl^il f Li)l 4/j ;] 

1 pSj ^UJi j 3) , Ojiil <LjaJI pUi ojjjJl (> jjOuj dUjI y j>Suj » u*»J 




- fi%- 













(jLiifolj ijjliuijt ; II ) jjjiuJlj lULjJI J^tl! 



:23-32 Jbi 

i i.iftll i.m\i jis £U*ii! JA4 

liJ—kj ) j* i JJJ-k 

, uj»jj V *Jll tjfj) ( j>Jma*SI jlinJl 

ui_5 j)j £buii! ii^ila 4 a> j iiauj 

ujjci IjUI . JiiljCi*. j f> 
t JijJ| <Lu»S ilU ^ <1^1 


I 


:23-33 Jki 

u__iiJ A h IJ yj LjjjL i J fi4 jj&lj 
t .»>8 JjS ,j Uiit ( ifixjii j 4«* ft * l l 
Jj-Al ! JjW> ^ i> Sr*>i 
A_ijLi uul£ ji l*S Jijj ,Jj& ijuftl 

. I ijj-J 


SjvJI j*j jjJl yp 2 ftj fLfciJl t*i . 23-31 J5Lill ^«>Sl jjlJlj 

f-bjji jl J_jj OtfJjJl uUL> Sjj_jJ! w»o 4-XJJ j' Lum!I 4_wO«JU fkjjj jl Jj 
j) ,>%aJJ <L/4 aJI ry>^ 2 jjj lil5 ■ Ojiil ILiJaJU 

bjpjL-u 3 |kJj flxJI jjuj 23-31 JiLiJI ^Ln-iJo j^* y> 1*5 I 

13l I jut ^_i ujj—J l Li ju J j -ill j—«j «_ily>wl jjj# ojaJi _^5j* 

j_Li Lftoliy AuwJjJt Jl J—?l«—Jl 0 1 k 23-32 J£^ll Jj 

■ rL>j)l j-* l>Jxu« jjiio jl5 y U5 gU4l uiy-au illjJj ; j^jlji* j )> » l> ■' 
| _ J ->-L>-j olftO'jll j ^ »^iJI fl*- yi 23-5 jiill j* ^5ii *111 aJ» 

y-t Uj-dLu lil yjullll lift Jj*L>J l'i'i5*itj ^ r'j>y4 fUwJl jl . jl^jlyu sLvtx 

. <u/JaJI ul*»» 

J_5ui)l jj Ja_>^ly . Ij ljy> £J** jLil^ <Ui^l ftift j* jjiJI ^1 j| 
J_1> JiL> £*4) 'j]j Lw M*** iiSill **<5^1 0S S^oJl jl ( i ) 23-31 

i>H A&A B jj^ 6M (V) 23 31 J5yiil jl tjf- . Ut O^fcj ftkuli Jls 

ftj-ftj . 4-i.iiJl >ii luL j* iijlj Aa^I jl5j JJ*J ft>J Jyili OyuiSjJl <*iS'l 

, Sj^u> 4ji iuLc j^£u jli liillft Jil» lj|j Ojjjiill Oj^uvJI £•£** ^ <laDI 

23-3 Jli# 


5.0juu ^ic u_ufJ Cjj-j jw>*5uJ 10.0 cm Jj)jJi Iajaj 1a4jh <uj£ 

. jj^aJl £&y (j5J 4*5^1 jLi* ^1 . L/jjJI plil cm 

i_>^ i UL>JI oi^J jlftliil 4*iSl jLjl* 23-33 J51ill r-ey. > J&y* JY^i^i 

j_* ijjLu) oui'il jl Jt-ltu ijyt m£J| |J1> ftyuiall <A^Sl Xey ^1 jjuJl ji 
. SjJkSUj Ui«UJ ijy m ±ij JJLftJl si* ji . j#*ll ^4)il 








( jLiilj wJLyull) fyjiu}\) dd&l J*«J 1 


23-4 j>&>y Jlii 

±*i {j-°y f—> hy* -10.0 cm ^jjjJI L»^ 3iyu L-ja 

Ol1H\ jLu p_Ij <lkJ^ ijyai\ Jjkjl , 4 »»JaJI plj 5.0 Cm 

owjSi La jLJ jklLil ^ijJl 23-34 J£i!l r~*y • jv i~.„i 

. OjKMJ jij liui 



Lwl ^lj p— oJIj ijy-all jM li^Ul ti i ti >» i l Ijuju 'wi^jJ__* . o^iSl jLa p*j juju 

Sjj—aJ! L-IjJj LxUaII oijb ljjUL»j . «5UII OJJk J)tu) <*y>J <l*-» rJ»j j! J y 

J-SJI j-i EED } ABH tfM \. 23-35 JSill j wll LjJI SkJp iijfll 

: .y^ll I_ui) pi 'uj\u Ijjj jlpLil* { I) 

Li ( 

0~p 


k 

: 23-35 Jli 
JLJiSj J^LiU EBD , ABH JttJi 
. EDF j ,MI jlUUl 

«_Jl> UjO L i Ia j oj^sJl ±*j) p_*>Jl jlajJ o-JU La jyj\ ^jJu lu-ixU J« 

: jL J-x>L (o) ‘jjfJI ji EDF j JFB j^liudl y^iJill <>j. 

L-Ll 

o~ f 
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(jL&lj : 4 ;..i > 1,1 !l ) jjj-iixhj JJbJI J-aili 


:23-36 Jib 
i J—fcH I j 4^>‘.ull JuLl\ iii j) 
U—Jb *AJ jll A-iJai 4l>Uj ^ jjjj 
. iii jL»ll 4 jU*i* 1 ! 


. oljLu*"^ jM{ j£bUl* iljLay 

—+-7 = -jj (23-2) 

P « / 

UjfUl j5j . ^ijJI jJj UUJaJ JJjJ* ioJJU Ujil <)jLm j* StoU' 

LJjiSlI ijjLuLaJ! ij^-aU L-Jb Ll>m 1 Lj gu£(j J.1 aJ| 4juJU li>y f) 

iJjjJl Jd> 

olSIilt J| SjLfllb ii^bJl jLiii! 1 nSiii iijill oLjlaJJ 4a»mjL l#I 

jixrf a>0j . 23-36 Jib) I i^jliU 

I 1 L-tzi 

0~p 3 Of 

ji o<jLai>'5ll j*>U 5 IjLl«jj 

l Awl 

P i f 

oljLi’jll ajusLi ,jA& Uii;! |j{ 23-2 ibldl ^ 4i*lkt* aJjIaII J** 

: t' j p 11 jj Ji! 

oLu*JI JiJ 23 2 <Jj!a 1! jil 

) Lfji> jli lil 3 _mi^a 5I jib' j***!! jli OJ P p**^ 1 

. ( Jlill jwJLl l ,y jj«J oJLJI JJl JjU 
li| ujJL-J ( <iA,b> 3j^-» ) i-ijJ' Ji* ij] wJ*} 4 1 3j *a) ( ■iv 2 

4ju*v4 ‘L-jJjJ uJj JAjJl J 



JIf = -i (i) (23-3) 

P 


^jZjl olj L^ji jJLs ojJill jjujo ji li! iJLJI ijL^II 5/j 

-8#8- 


Ojii JjaJ 







(>ioJI jLAjlj ^liiul : 1 1 ujLjju)! ) oJLjJi J^aJI 


4j —JJL <jl> u M jjAl- aJjIaII jvoilj M jiilill iJLj 
; oLoaJI JiLa J>lw jL oj}’3 olj 4^JU< <uWl o'jjiLill) 

LLI> ■ ..»H jLf Ij[ i j.i L n «j lUjiu O^Jutt Uib <jyil uLjaII j^Su 1 

LjaJI »L>! ^..iiVill a£u j'S Lj 

(i—*-»Jl JJj jLS lj[ jJL£>Jl »_^aU aj Jio LoLyi> 3jV-5 OuaJI LjaJI jj£ 2 
ILulJI (> wj5l jli' Ijj Li LijJJ o^lLl ILjJI j-> a»i ti^iu 

, JJjjuuj OjjjZj j^Sj ijjixll ijL'l jl} OjjjJI 

23-7 JU# 

40 cm jb tjJiy 30 cm <djl> u>J i ; *-o 20 cm jjjJ! Uj*< uyu La* j>£ 
O^i) <Jjiu Sj^aJI Jaj . j^5uJlj ^J>y jAji . Lja)I ^ul 

i^aLLJVjLI 

V p j /'SUmII oLUJ AaaaaII j* L ; 

jlj iijij LiaJi j! Lt p ~ + 40 cm ILiajI f j_i»u ^ .i>'l ; <Ll>VI 

./= -20 cm 

»l DjuiiM ijj-oJl Culi" j[ U ^uil'l l>i ijjyt ^ic w_4>IJI Li ! Jljj 

K iy 1 * 

cuL (jj L ^-b Jju" j} iMll bjl—il \ , —iIp ^5jL_u^ 1/0 a ^u£l'l ; Ll>VI 

<ylL pi <JjjAj >jL 

V ijfiu <Ujua« bj^Jl oJ 15 Ijl U fiy ,> LSL Lwj JL Jaj : Jlj* 
3^v—“ jl Lie jLj iijAj •LjiS \ Ijljii> li u> liijJ j! L 4jL>)I' 

' . ijux)) iljau Ljjij 
: ji xL LjjJI JJjIiu j| sJLiiDijJ*!' 

1 _ -2-1 _ -3 

i 40 cm 40 cm 

• _ z&JtEL - 13,3 cm 
\ 

*+3 III LiJI pU 4^jib Jj^aJI ji ijJLJl 0jLt)l Ulaij 

Ma 1 3.3 cm m +1 
+40 cm 3 

y» jj^JI |fc>i> jfii a*) . iljiwu 3j_j-aJI jl ^ ijUV J+ij 

/s 3° r 3 (30cm) = 1 ‘ 0cm 










( jLiijtj ^Liijl : oLy^uJI ) jjjiaJlj UJIjJI J-aiJl 

oLjaJI 23-13 

^Jju JjLJJ Jt y_*j . Sju^lj i-jt jt ji?i jit i)+»Si fU* \Jy>3 

jJI »jyai\ J^J>3j !j*wj U** Lil*^ 'j* ®3 a oU«J»JI 

i JjS'l U-jJ jj 20 cm jjui p*Jli (!) 23-37 Jiill 1*5 jtL,jt l 
Uj*!l . Lu >>4 jji.djuli Liiij . LiLlJl -LjjuJ yp 30 cm Ujjjy jaj$ 

Jxjkj , jjS' LwJaJI ‘Ua_l^j <Uj5uil jl»J J»L>Jj jy bjLiKi l*lw <4*1*11 

USy» I3[) . (v) iW-37 J-5-iJl jj L*S /i y>) *3* jU* f-j 

; IjjjJ ^wu Ajii 5—.j*J I Ujju 

i- + l = -i 

20 fi 10 

i\ - 20 cm 

UjwJJ Lfj! jLi JjSl L»JmJl IfiijS Sjt-a]' ilA j**a-> pS 

L-j*l! ^le ILiLJl l*bS'! yi Ujo-'Jj Ult . £*>*<? JjUlIl 13* J j* oSUl ^ySJj 
<—rJjJI JU*[ y*3l li^lt . I] jit ty>y p~Ck IjMJ oi jill y-ii j* U'uJI 

US' 4-iuiSl jl—u UkIDI UjaIS <yUJly p«*>5 h pljkUj Jjlll 

yj£ t Jliil 13* . h ^Jyll jit yj&- <jilf*)l . (->) 23-37 JiiJI 

Ujojuj < iiiiit> jiL V»l< ij^Sall ijilfill o^^aJl 



(u) 


:23 37 JLi 

UiJjy iijSi*!' »jj—iil Jbuf Jit Uk 

j_S jy_uj ji i uLuJi!) j* <£>*>* 

. UJjLu Si*. ^ bx 
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(»pall jLSilj u-rlijwl ; a^wju^J! obpull) AJtill J*mJI 


pp2 p*»Jl iw yl ikOL l^lp iuillll La*!! ^ ILjaJI </jUu JjL 

o£ £* J&j t (30 cm - 20 cm) - +10 ci 


>Ll aJu aLuJI tia 


r *• 


I = JL__L S _1_l l 

i -2 fz p-i 5 cm 10 cm 10 cm 
ii ■ +10 cm 

Ujj i-il+Jl 3jjJl j ^ U* JS Ji j^Soll <$| jjd»L 
Lf-jjy ji ijjilll jjuiiil 

Afiat = AfiAfa- ~x— - -^r x: ^r ~ 1 
Pi p-i 20 10 


jLe'i! p»ji p> jAi LfJ <jiLfUI ojpall ji) ojUi jti <*jjuJl j^|| 

J-& ; p**il *Jj5m luilfUl Dj^all j| 4+^1 ijLl^ll Jjj» 
I 4 J jJiLl |i—4_>JJ Lyi* ijye CiJjS J 

4—<a«ll i»JJ> Sjpall jp£i3 di_>j ui-JjII jt S i —< ImJ jj$J Itjjfij 

iiL«4 bf- U Jj LU.CJ JlJ bftbjjjsLj fcSlll Jjjl /fl l i yjjjjl , 

Ujitf i-M+li Jbirf JjSl oju«JI ^ i^Sl jj. 30 cm ,> Sljj 15 cm 
p** j-* ttjjLaJl ifclSl JjL y> li* pjljjl LiiliJl LjjjJl JJ J.«j 
bii . i-i*.** <JjU* ji j^kiiu IbJ Lwl Ji . Jjili U l*5lj ^Ij y 
* — >»**W jlsLill p«J}JI JjLaj jl, 4 JUJI aia JjUu UuSJj 1 JjLJI pill J Liini 
I 4 JL iilliJl LijaJI jitj ilu pi «L1I SjLi! Ja>_j j p> <il Ji LitUi 
Lluplj Liil pi 23-2 4-IjUil nil—lip l$Jjlw jiaj oLjjJJ 4jCu 1I oVUJl ji 
. ^Uaj 23-12 pill J l**U jpll oljlA)|l 

---_j^_ 

23-8 JU* 

o^iuul SjpjJI ( pyit UjIm oulS (jj U ) sifJlj [J*>) pjl 
. 15 cm oLil ouli lj[ <lLJI iSjUII ^ ,^jL»jA)l 


■ (jilajA JVjCb/l 


? ^b*Jl Olill Jip J_jS< ijpJLj jliUJ jl Jjjti Jj» ; Jljw 
jj Ij+jj J^l i—JuJl LxlOu Itm LijaJI llu LUL»j Jil. i : ol>Vl 
. LilUl IwJaII Jj'Jll SjpJI jJlS 
V iulill L^jjili Cuali pc>Jl juy yt U . Jlp 


iLJLc jLi v a__oUJI <LjaII JJ* 5 cm oLu Ji j'il j£jj h U : 
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(*pJ I jLSulj u^L&ul : piJUfJl ) jjpJlj J**UI 


if-«jJb i—ijtJl UjLu jpu p ,>*• . lipilJI 'j* p P'i = 5 cm p_j 
.juk*^ J dLJ j>* iib 1 li 2 = 1/(5 cm)-1/(-5 cm) ; ^ ikliJl L,jjJJ 
. *li) .Li'ih *j Lfllft yi a>v 4 ^Ua]^ iit 
yt 5jpl ia> j) i ^laWlj p)l 


1 2 
i v 5 cm 

1 


t 


i 3 = 2.5 cm 


w _ -20 cm w -2.5 cm _ rt e 

M “ •2ol5T x “soc nl " U6 


^ jjpll 


, i yuan a Op*} < k . i ii > Bjpl j! J 1 

jli sii_^>y iuj«ll Lfli jle lip i-J» pj £• J<LJI Jill' aci : O^p 
<; Mh ,| »-2 lij =+10 cm ; oL>)M . 10 cm jpll Ujuy 


4ju;}ULo olt^oJKo ji oLjaII 

pi Lm i-jx y pii liL>l ypaJl J pP >* up ^ 

*«i*j jj <J CiLjjJl |> p*»>* J=a3l J[ J-*i p.) ■ Pi* 
. L}*j*a!l 4jLwJl jlilil u«j ■ P*p oLii«Jl ^yLl If; 

Jj *<; ysl oLinl) Op!l jU/il Lp jp jiJl UUJl JjLilk-/* (ip ^ 
, oLjaJI y# J*a£> pJ 1 olsLil j* 
; Do'jJt i> i-iJjJI ilsup ijpll jjp' Ju pij 

144 

Pi *1 ft 

Luj Luui> BjU-J jp_) U*** 1 fi; 4-^)1 4*3 jp p' iP u"*'*" 
2 Pj L-j*JI (JJL> Liul jjJj jl pj 4-+*) 1 <P> p* #jplu 1 
ja_j liLit Ujp oUp l« y> (i»j i lp* pi* P +** u^-^l p"-» * 

L^ji! lP> JjVl Sj^JI ups fj&Bj . <<jp( UjUfi pl> J! pH 
; Jj U 2 L,j#Jt UjUj Upuj BjiliJ 'p> h = »i u|i 2 i-j*U 

4-.J-4 

“*1 l 2 f'i 

: ^iiiJ il Liu ujU-iJaII jiljkt 

— + ^ = 7 + f 

Pi h h h 


»jpl (2 j pS’l p-pl ^Sm pi jli t 23-38 Jii)I o* pH 
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L«Aaj BJjjju 4-ijjJ <U_~uJL LjjJl iJjUji jjj cbUil sit <^i ji. lul^l 


:23-38 Jii ok 
j(-i liu jU«utS jfii Uiic A 

*• * «i d jXou U(jl j i £ fj jj Li 

: >4 L*u Jj>L 



1.1 + 1 

f s/l /* 


(23-8) 


jl5i -Lb l+JSj ^ jSSI Jq.. w) (23-8) ^JjLmII JU«jLii ±» ^Ujj 
UjUll ai-» ji US' .Sjjiiil Oj^Jl jU/)IL yjji lij JL. 

oLL«#^ll olLajL-tI Ui Oj-xJI j_i J—►!>>» oi jit _iui 


23-8 JU) 

jJU i-ijjjl Uijbyl CjjLiU J.’i mil .Ani *_> -uLo^llj uLi^ Cuuei 

J_*j v LtwtkJ. 1 jdV'I >* U . GO cm ; -30 4 20 j* u£j% 
V iijii fi U**u wit ^ISi 


; 23-8 UjUlb It m^II JLill ^jiJl imJl jU*j 1 jy l ^j ll i 

1 _ 1 ! 1 , 1 _ 1 , 1_, 1 , 3-2+1 , 2 

7 f\ fi h 20cm -30cm 60cm 60cm 60cm 

/' = 30 cm 

. 4Afc>vl q>jA>Jb <_1^-U / J Lj 


f = -60 cm o jjLJt jAjJjjJl Jlil< jj iilliil ILijaU Jj^l! i*^l jlS Ijl; u^jjj 

jj jriwJ r *ii Uj J-ia w wj^UI oLiiiJl <jl Ojjji i +60 CHI 'lli 



• ^ £>l * s *i+^ 0^ 

:j^a!I ( j>) i ItiUl a>»1I ( j ) . tLtiJI (->) t <^>JI (w) c J^Sj^x j jj\)i (!) *jyj J 1 

JiU. ( j.) 4 J-yJlj ( ijJ+ll) (j ) 4 p~>Jl ( j ) i <&WI 

JaS JLu ( ^ ) 4 5 jyel\ oaj ( J ) 4 p*»J' Juw ( J ) 1 iyljll ( J ) t jlSJl j»(5uu‘!ll {i ) 1 jLSi'lil 
. ^uSoll ( fji ) i ( ii^OI) 4 m»JI oLinlIj Lljll ( j ) . 

, 'jjXi J>y J^kl U>Lall ixujiul! jl^Sl j5 Jl* jij J>J>\ 4^Jdl U»jll <Ujuyull J_jixll jS'jj |ji 2 
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r 


(;LSwlj j-ISjuI : ) j»y*)lj <4t)lill k®*!! 

, j-<.H. Jn .<.llj <U* *yjI ojy 131 L k*j jL5j( J*U« k-jL» vki_J ji 3 
jmJI oaII jl o^J' ry^ jij • ^l***)! t> *ii« 5 >^ il f-J 3 ji 4 

. Ojlyi <AnJ <J> tXu 

. UJLu ^JLii jk- y* tiLJl fUAJI jj£* Lk* ,y&ki fkiJl f-y j' 5 
. iu_^, o'JU y Jk jyld pjkH ji 6 
\jfj>l\ iyljJI V_w>j jlj . m > Rl jjj£* Lilt d.JL>i 1 JiUI ji vrt-Jl yp ji 7 

. jUjl/u jL£il 'iU'ju Ufj jk-j j" J-®^ ^ y Lr'^~^ 

i^j ill> <J y Sj^Jl /i: jlj «<jj oLapj ij/i* o/ Mji 5*4^1 oijU f-j pk*- ji 8 
oL*k3 pkJ »LmI jLkii JLki ojy: I3J ii£, i-juJ Jjjfl! oaJI ^L*> y oUuJl glm &1* pkU ji 9 

I^JU i*mi n yjl ojULIj 

Sly *U*JI >j Jkj ftek,y 0>J • WBII > J 1331 (J* !■H f) li )P jL *)' W y oL - JaI1 yjU * 6 ' 10 
. iiuM ill»i*iy/’jijPj*JS C.ljb| jk. y-*J ji . i</ 
t j p |*> oiy 131 U Jjjo ol*3lj jy> 0 1 U 
■ y y« ifji- ojj jj>j (> ji iiy* oji£ <3j u yjj ji 12 

. kUfi Lyyl i»**i i->JPj Syk iSjyJ' -^yJI on** *&£ 0 1 ^ 

i^U, IjJ jjjiill i^yjl jUv^I jj£i Uki L« oLj*Jt (> jo*! JkiJI Jjyil JaJ' o->i ji 14 

J0>1» 

I - J--■— 

: iLwLI ^jUj oUj^ 

j^ljjuVI jjili 

0i = Bi cr -l5kJ'ill o^lj =J»yLJ< vjlj 

. ii>« L, J5ui3 yk> {,• iuui . sTyi ji i-^Ji r ^i ^ ^ y : y^ 1 H 1 

. ikL JMkCki ikk> Dj^J <3^11 kiSi g*2j Sly r ui ji i-Jtf Jik SijSslI SjjJI y : ‘j^ 1 

. SjjJI its; j 4 Lyk: SjjJ Ojill UiSl JjiSS» . sly jl> ji yuft/fUi oJljJl S ; yaJl ^ Sjjkl 

ikjUl Oci^l (j, Lk*>^ 'kk JlyksJI f-^Jl Uii Jkkij . sTy ji <-■>-* kl> ^IjJl y : r^ 1 

ikL Sly ji iuj* j- SyU ouiS'l d3l» jjiJ ji >3 a *1^* j' 

5yull UjkJ < U-jaiyi <UiV' 

y Sjjkl v^y 0,0^ iijlUl Wj)' 5*4^ ■ 0* f-R® U j'^ UL - ^ ’‘j 11 f U ' ^ 

(sji^ 1 ) jy 3'y l. 1 * 1 1 

. US*;i Jk jyJI 6j'y.i ‘ ^jy 11 3y^ ^ J y jk kiL ^ 2 

. 4ku^lky^j.^iyiyJ3lk^kk JjtyikSLfLi 3 
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(jLiilj ^liwl : objrfuJI) JjjiuJIj oJliJI J*i)l 

I^IjaD *Uwoi»jJI <Ui^ll 

J* Oj^ail £Jy JjJJsll i*pUl UiVlj . oljjl i«j ^ f=Rl2 Ujljju OLj Jfij oTjII kjl> OiaJl 5lj 

jj^l JB l^uy Uoi ii> JjL JLt y-JUbj Lf -OJjJl j^sJJ jlj« y»L fl*i 1 
. ®jj#Ji y> y*i J»> jis UL ?Li 2 

LjJI yjl JJi ^Lc Ijjj* y-iwjj ‘bablll j5j^ _pb <>Ij k> Jjl> jLb LiL ^1*1 3 

STjll <JjIm 

: tljil c'jLmj i DjvaJl jwj p jmj f jjjJI iJl Luji 

1 -M 

f P « 

; 4jJLJI oljLi^l ajbcli 
^JL>wJ uJLij CjNuiJ ujy>u ' f 
, JjJjilll vjJLj |u*xl' v_A»y ; p 

bjjjjull Djj-aU wJLi A tfl.jii>11 Ej»oiD uj>|i ; i 

(M) ji&ll 



. Sj_j«isJlj jA-ijj aJ^Ju Liu 1 -UP ^ojjuJI jlp u-uOj ijjall A i ll > 11 J Liu St 0 j l iiu> 

p 

. Sj^jJ) cJL <JjUldl »j^a1J M jifi&l <J>W A^J jkiu 'i»l 
(n) Jjbu 

c &>V •**»**• 

- --= n 

v ajUl J t^JJI ip r 

jljll m«>I n > 1 i* ii>i> iilLJl jijjl jtf JliLuSl ite <-*Jl LbLlij 

( Ji- tyili ) jL-iiVI Jjili 

: ii^UlL m j Mi jLful M»Lm UfJ JmjU jjj J^lill jlxJI jJu: ^xSull JaiUI lu>j> 

rtismdi = /i28inl92 \ 

. ioyull <lsuu juP J~sDl jl>JI jit pliil u-JL Uj\JI to* 

iiij'j Ijj Mi>.i .an ^.uii jl ..iSi'jl jLi JjI M2 3jl .Ail JjUtLh-ij J| _ail /ii LkjLiiLl JjIaj ojL jj 1 uiJ 1 L»jup 

LfJu iaLu ojLII Jl IjJj* iilll iib ijuiJw iaiUI rLuill ^£>04 jiJuPj . ft- ib/u i&J ^>C J»yJI iylj 
; ii^UJlj ft jk*J} 1 jJill j*-u L lji« 

ft ^in 1 ^ 
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__<**» ob^auJl ) Oj^uJlj 6JWI J*iJl 

J\ LoaJI UjLuj 'ijjJ\ Aj^iJl oLjaII 
jUo* *Ulft l*J.. jLjjS UoaJI l*k-j , Jjjj! Ua* jyL ^1 ^ &3j)| UttJI 

• i -'-^ 1 Jfi j^ui« cil«ii (ijbj^) 

^ -»-^ ^*- 1 o* 5 ^ l*i jii 1*4 d*J i^Luii 4 a iuj>Ji L.jjJIj 

U La V i l I jic 

yi iiuJjJI <uj*!I <JjIajj 

*=-M 

f P i 

(’■ ifkW iSjj-J 1 ^lil . Wj*U ij-ilL ^jux Hi* i j p Jt J£J L-JL oKLi^l »j#lj ^j>JL-j» 

. iSjiil oLoaJ v_JL> f i 'U» xj l oLijaU ^x>y» 
oUuIl wL? <UjI/u 



»fj Ri J < Jl >4aJI sSa> y A'i LuaJL ■t kj .xji 5 jUU jjL. jLil J*!** y n - x ^ 

■ otsi> U1S Ijl jULj i UUi *«jJi yj ^ULJl jlS |jj ,jL>^ & j Ai . ^iixJl 4xJl «Lxjl JA ■ ;.v. 

iii v J! oLjaL) <U^u-UwS'I 
: AjujkJI oLjmJI 

• *WI <o*J< M J^L> j-iu f ^jJl jy JJ l^LL* fLi 1 
. j-jWjJI l*jljj fj Ujjill LjjjJI iiiill J*±. Li_u flfci 2 

L*o£ a^Lt iwA»Jl J uu in 4* LLw 3 
: Ojill oLjjJI 

W *<# M J)t > j-fii fi l^jly LLm fId 1 

• J}**U ^ r&t ^ 3 Wl Vjj# 11 joio ib. Jfi LjLu plxi 2 t 

■ ’^4* j*i* Juul* jl#. laL* fUul 3 

--^ ajdiuil oLjjJI oU^x>4 

. Iii*j i*)(Ui L-oJI ^ JjSl UoaJI Ifijfi ^Ul a-^Jl JmJj JS Jlc Utajl iljbu 

i-iji jaaSj ^ yjb J«jI> y OJinlli ^jLu*U j^JLSlJI jJaSlSJIj 

oLj«JI 

J-yJl 4A»I_J L-jaS 6^ h } h Chfi j 3^* jj» &u 4iLil oUai IjJ 

y L^J JLuJl 

i S l + ± 

f fl ft 
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(t^ill jLiSilj jjliwl ; <UwJi#JI oU^sull ) dJliJl JtfiJI 


0\lxt>Jj AJuwI 

i> ^ ^ j* J*j vdL ^ <!iiu jh J*» ? jjwjJI jfiu jji vLjJ'iLLl j^>m i+L 1 ?ft LujJ I 
aJj J_if » .i V l LftJjbf jjd jill , ftl^il y*j liuj ^l*J| >_J Jjju L»JulC dJuu^S’l ajjk jS «_x»i V ^-ukj' 

• l> d 1 

. oj >4 5ljJ <#*JJb 1 JlU’l ip I 2 
bu>j -UpaJ <juduJb 1 JlLJI ip! 3 

ii JL, 4-iIiJ 4 j—u!|j 1 Jl*_JI ici 4 

f ujiaJi ^ yi U* ( li*i jii) J^di U2b tUl u« ijLJj i «UL ju£ *Uj j! LiLo 3jx*o ,y Juj UjJx 5 

, Iwiftlb 4aix«JI ijUl jit bUitl 43 Jl> »l <U4A« jjdi 13 jl jj yjuJl ^J!uJ <U>^I pwu juJ 6 

j! jd*ll j_» J-»j ? wjdJI 1^1 ^ (Ah J*j? ^ <»j> min j! Pjl3 *L» yj& jSai J> 7 

S’ w ■• * H 4 aIc m ^ ~ suLi ^li> ji i <lib iji« j>L>j tUj bj iijLcu jl^JI Jixiu 

'.' ijy^t jlu jj Dj^fl MU ilil iJjbu ^lliu—l di£u 8 

V U fl A |«I f : i^l jJlliil 0* j**u ^ j! j* J*i blip 9 
50° J>b Ujllil A^jljf jirt J| OjJju ljj V U-J jlp Culj Jljj jl iijl* 3 jJJ-J j3 4l5j id*-. ^ik i-U till 10 

V'/Wj. 

'•i>iyi il*tfl ob LIjit Jjuw JjS 11 

. jjjJl «kb j*} 3^U3 <iki« jit ij'y jj y*i«Ul Oul< 5'ji jLf*i».b « j~»*J »»Lu y5L 12 

, (Jjjlll lAjJ'j »|jll 5>L* Jii>0 lip yjij' Djlj> Cj-jJ yu jl ^lluid 
( : 4jji* ^ *IU*W. 4_il£ jl Jaj . lit rnjh\ . 3 jJuj L.IP JaP /rbtjll j* Oil>3 J>b <^<y» ipUi £iy 13 
V 4jI* 4 3Ll« V 41Jb 4 -iJuJj \ buXi OI«J 3jlJl IaJI jxMJ U jiu uui 14 
oils y JljJI jjS ? ij^jSjll jyai I JIP (di . Lfjuj !»-*> jdj : i*$li 4_ylj LujS iltxKi jliijjui* jljl^j £i*i) IS 

. 30° j^ljll Hijljll 

J j-*J J| J-*^ 1 I> J*" Leuj jjJl y^isll^ H^lijll jjiiJI Jjb ji OjLjJJ ^ L lfi 

p £lj*)l i> I’l* yijSl jj 

JJbii Llip *LLl 4*— <k-,l_j* 3jud oiaJ ai* « »yj| oU^ » jij t > j^S* ji j3vi Jiiil 17 

? jLSb^U 4li>^i jiJI jjSl Jj lip Jjji JA . *Ul J] aljfjl j* ‘4)1 
ya-iuiJ jSx. ti u*j ( luii^ll jt» jSUS’l jiuu ji dJiSj) j» JLidi ul>Lm j* jjjmJI j Lal> <34 3;U jaa?; 18 
OjAJI ai_» I*JJ ji i_*>u 4di , SIAM <1 am <Jsii j3 LaLJI JmIII Jl>| jj jl 

p guljJl Ijp tlail M 









r 


( j-jjt jLAjlj u wliuul : Lu/jjpJI OiAydJI ) jjjiuJIj oJIjJI J-wJ' 


JjL* 

23-4 Jl 23-1 pUfel 

U>L (jtfjSl U-f A^jy yLdJ J}-£* ^jJp 0 ^ 1 * oly i 5 j>l Dy uPjSl J! I j* jjLj jyJ ^Li ^joSxi J 1 
Y IjUj 3 y fLiJl 4 iyip jaII <yjll U . 4.2 x 10® in 
jljIyJl olpy OjajL- jj i_jjjl j-*jJI L» JLfjjII <ia^%4 jP <30 km Ap 5ylx* p>w» j* jblj £l*»» 2 

Y l*U3j <L> 43Li! 

, j->yojl I Ulj p^pjl jpj liLLl oL^Dl oi» JaSj ijy y yiyll ji® JJi oL'ilp yyuJ! O^I j* yJSJ 3 
y 1*3 . oljil (> 50 cm j*i jJU ilT* oil oi5 I3li . Lyo »Ty y iLii) iiy-B Lib ji Ajy <iLi 

Y vll^jJ ^jmouLJI SJT y oLsLil ^Lou IpJb JaLu y)l <*JJI 
jj iiy* (Jy jl 1.8 m <JJb ijn> 7 i ^jhl if i * i j> <) jju—Li 4 jail> flTy OtfS 4^l>!jJl otj^jJl yw> < A»l <Jy 4 

Y Ijja >ju jjJI jijSl 4 w jy »TyU yi-Jl a>JI fltijl y jj i iJbJI oaj» y iijj Jjt y»iii y U . iTyi 

Y 5?j]l y sLbjj^> j* I 4 J oyii yll <Uj~Jl y Ui. 1,2 m/x Ia^aIi 4 P^_u Ly*j iiiy y« iiyo oiS 13] 5 
-pk- »Uil .'ulaJI /iu> kpv STjil Oyji p5 . ^LiJ! J* 4jJ yP oly j« 4-ii ^ bly ,J>y> *Li ^Sjuj 6 
Y ^Liil *bLJl j* ?*A*JI igl}ll y U . fUflJl g» 24 s UjIaL Ly; 

yj oyji Ij] (i) . 64 c y-SLJl fLillj iiLJI pLill oili <14^y-** 5?y jn yy» pi *- 1 ^ 

oTjJLI cuSy I3[) (p) Y (^aJliuII ^LaDIj JaiLJ! fL*iJl SoyJl 4jjl}II {& 3" jlji»v •ky*JI ^iy 

v ^LilljisSLJI ^LiJl j# »JJA»Jl LjljJl £j-eu pii 2 C jljiui»yJl o^lj 

50 cm jjjlyi ji-> Ail—il oi'^ i3Ls. jyJI > yip 'i jap 4 J jjSJ3 jp^jly* ipiy-** ^y on {-** ^ 

Y ypJl jt J»Sl 4 -<*>Jl yoi! a«j y Li < I» (’ ■ _ »> oLil JLaL y Jy»y 
y 6/1 aam jaxJI jlS <j]3. j^lA> yU oLjly*j 0 ^'y W# ^ ^ 0*4 9 ■ 

Y J«1ll sljll y yJai yll <ir^lDl jyJlj ^>a>LJI !a» 1 'j# 43 LI 1 y Ui < i^ySl oTjil \2fi j iiA>| 
jpLJl jju 90° LAjIjL 4_jjIJ JLIa oili' i‘iiV i Li 13 44 jlj Lppj j^y-a Ll5j 5A-ii» jy jbly Cjmj 10 
ylfjl ^LuiJI ob»Jl jl Oui] . (Jy'lfl 4iu>ly fJ U^]l ^JA>] 4 LjI^j M Ai l I 4>.j jly^fLi j-SaaIj . jp«5lA)l 

. UL iiUl ^y-o'il ^Lill aL>JI ir Ss y l ^1a. ' JI 

LuJ jly« ?Lvi iu—.1 pi . 0 y LpL AjysoJI <4jlj3l OjL *ip»o 10 p3j iJLJI y jjjljll puy 11 ■ 
fUUIj JiSLJi ^La-JJi ja L«ijJi ji opl, U Jl y oily pi 4i*w <4jly ^ 1^1 ja>| y* 3 aL11i 

. 20 y rjLJi 

23-7 Jl 23-5 ^9 fLftl 

x>y (1) . Sij_ll pLi 45 cm ^ yp 2.0 cm 4iUijl p->J a jy> 30 cm Lplixll jbi o~*j »yi* »'y oa*S 12 
; 30 cm (p) La j I jL p_pJ! jbyi joP 4 JLII apI Y iyiu pi SJaam Y ^AiJ pi LLi> y J»j . ijyaJ' ^y 
<jw')l jL< pM>y obL'lli oai j u >1 , 10 cm ( j ) i 20 cm (>^) 
jjyJI ppjfc« »-jy A_>jl . 20 cm LpJ'J>il jii Jwu 5yiu iTy pL»i 36 cm a« y« 10 cm <1^? p-p- 13 
. 4fciSl jL* pjy j« Ji>j . iyju pi ilAAMj ; LyAii pi 4 aL4> OaIS I3| l* jSjij 
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( tyai\ jLAiU ujLjjsuJI ) jpjiuJIp oJtltl J*mJI 

. 6 cm (_>) i 16 cm (y) i 20 cm (I) yloJl p~»*Jl jbyS iu-Jl 13 pij ilLji j*i 14 
J_6 S1»aJi ijyo ^iy . 30 cm lyli>ol jti Ju*j lyM olj* pUi 2.0 cm U^Li iyAu >hju>) 15 

• pi SjiH 1 

. »_yJl *»y A*pi . 30 cm LfiloOl jl»3 JLtfj lyi* aTy* j* 15 cm au jk #j y° 1® 

±ju jl* ■•■ ■*' Lap La»j if jJl p-» Li . 25 mm ;fppJl 3>bU 0^1 l bki -»i 17 

. U tffb j. 16 uun 

±JU Q>£ li| p~y>JI y>y id ( I ) . U p»yJ SjM> ji>p£J 120 cm ifjj<JI Uj^ 3p*i* eTj4 ^ax»J Ifl 
* j,u£Jl jljiu L (y) 9 jbSIji* Ojj-flju p~yJI J* (y) V aJ p'-u p-^ 1 
I j -vt ^ ' ■i'i'. jpJjj j| Ojj-jJJ Ji^jl Ijj . 1.00 m IfJlixi! j-hi ij-iu iyh jljj pUl Li p«y £-ap y»J Of* ^ 

V p --frO pAO- LUa 

S p_yJl p^> L/ue l yy>p i^jii jp£i ji Api Ijl IbLJI *JLil ^ p->JI £Ap y*i Oi' 20 

jp p_yJl Ay (1/3) dJl ^Lii iiLy iTjll jc Ay i/iu i\y lyp£ jjJI ijjJl oils lil U p->*£-®p -** id 2i 1 

? IjjiJiij pi "*&*> Jp V 5t^ll 

±jJ\ yi L 0 j_«i sTj_* J-* 3 cm Ay g«p UaIp 5 cm 1 *pU3jI oojt 2 cm «U3jl pyJ jp£s 22 ■ 

ij*> J\lii HfiU iyli* Cjy jp£- p-** ^ 00 cm l^Uabl jti >_Lb ijMj sTji d^J 23 « 

. ^*Ji ^ JlSil y^3 Ujau ^ lj| 23 pij yUl jj f-^Jl Aw i>ji 24 ■ 

23-8 ^1 

{S £-J»y. Liip Dpjl 3jj~aJl ( opu pi UiUi i pi <A*> ji) <»d>j p^>5 £iy (l) 25 

. LJUI p—jfJI jUaSI aJLIi Ati . 25 cm L^U>1I JcA Jua) oax. *T y <> 50 cm Djlji* Ay ji* 3 cm «&,! 

LkiSi jLa pwj plA>o-»b ji»J , 10 cm (-*) j 20 (y) 

Jj» p jwUl jIjJj L» ? 24 cm ifjjJl Uau vav* sT/ pUi 48 cm Ay J* ^y>y p~* Sj y* a L 26 

f </jlju p> iJjAU V <iji& pi ij^JI 

bySJ J Jur,i lj) Lt p-y £j>) yyy ^1 ( i) . 40 cm jjjJl Uau La»u olji 4k-l^ 3jy ^ 27 I 
»|JI lj_* plA>i-b p*A»JI <> j £i IjjiJli ij>A jl# ji ylwl jt > (y) ? p-^'l yi ^ ^ ‘'j^ 1 

P^jjJI £jy A*)i . 40 cm ifjjyJI U»Ay OA>^ #Ij4 ik-l^ b p_^ p>> dl l*A*> hr 0 28 1 

• c?w 

V Jjuiall Up ? p_y>Jl Ay jjS* J yi>y pii. sljll js 12 cm Ay Bjp- 9 jjp5ul 20 cm jJJI Uaw vax» »T^ p}b 29 

V J^l J ljL* u ? p-»JI Ay J-b aIa OU sT> 11 j* Ay OJJM alj* ik-1^ 4ljSul Ojpdl dLS 13] p-*Jl Ay p* b 30 I 
a-om A^-pi . olpdl oily UOuO ji 0.50 cm LfiU>3l jbi y-ajp <A-p(p olj SLi piiu-u 31 ■ 

? jjuiaJ' pa U . oj^aJI jib *A#J»p . sljll j* 8,0 m mj ol^il a>I ji ji*3tpJl a»I s>p-» 
jj 80 cm Ay J* JL Jib i jr » p>y p* U (I) . 8.0 cm j^Uil ^3^ j i^Jl ol/ ja>! > jl« 32 

V Sj^aJI ja5j pa U (y) ^ <ai^Ji 5jS' 




( t-jbJl jLSJJj ^ISjuI : iowjj^J! oby-uJI) oJlill J^aJI 


23-9 fjtfl 

Jv_> ty*)l lj_a j_. fLui ji-aj UjJxj , 589 nm ( >y,*ya tL-w y» »iuyll JLaSl *yjJJ JjLJl 33 

V HJy (jv) j i (y) i ( i ) vLu pis 

. jtUl '*y~a}\ lj_» j_« jjiby —»jufj 436 nm «_t jyjJl jj kiuuail Jjj'sll ‘^-aJJ J^JsJl 34 

• *^s (-*) * ^y> (v) ‘ (i) 

(n ~ 1.56) o* U = 633 nm) yyj _ p^JU y^ji y* i^axUI tyJI > fUi jji>y 35 
S k) (-*) • >-* Uj (v) • J>Ij ifij* y l» ( I) j^aJi £* 30° 

'.' ^Lfjll Jbb Jyvl iu wi.fii 

. *111 ^vL-mi ^1p pUll j^mJI fcj 60' Ujiu luy \j A - 546 nm ^^>^11 •lijj j_a>Sl ;yaJl j* vlvi «ill Jl J»jj 36 

Y -’^*11 £* till J»|j ^lll fiaill Iju 'wij ^1 AjjljJl jljiu It (y) Y till Jib ty-jl IjyJ .^>^1 Jjkll y» It ( I ) 

jj It (I) . pUll j^wJI £» 48 c Ujlji* yjlj^ (n = 1.5G) l> lw i l*>l*j l>y ‘y> 37 

}jy. T >x ’ l AyjljJl Lt . rj-U jjlAJl *kJl i> frUiJI biiyt (y) ? rjlll J->b jLii'ill Ojlj 

^yil ^JU kiLJl <l1u 

rbjl ji I m ■ubjll Djiill Lr *ij ( *kL> jli Ij] (n. = 1.33) frill J>b *j~aJl y» ?Lvi ^sJl iiLlI jA U 38 

Y (n = 1.56) 

1.650 Oul) ri->j jLLI JjUj ,.lly i Ju*> i ‘vbJJ J^bJI jb lyU> IjyAj ri>jjl jLmS^I JjLu j^Ajy 39 
yj rj-J jit jbyil jjiis jj jjij plxj iuL> (A- 680 nm) ^*>^1 »^U 1.615 ^ (A - 430 tun) jjj'il t^U 
. j>ij ^yn j^iviji yAj sj^iXkji i^yyi . 45 ° uyjAi i»u-< *^**13 

bLiui ^_xi)l |jlS IjJ (n = 1.56) y~* , >iJl i> fU*i W l^Ly ^1 jlji* u 40 

^UbJl y 

. ^lyiliJl ,M 27° UjIjAi ib«lj till J>lj Jaaj iya y» Iciab ji <L>lyll pU> ji ^x>oLjl a>i 41 
. Luiilj ] oy~ut »Ul ^ku. jjs.\ . i111 yU iljyJ Jf ^Ouill byu Ojlj jA U 

L»jIjA» bj_y JjLJI JJj J^A_> Jiy jli Ijjj . L J1L ri-v ^lfi 24" UjljAt lyjl y J>ya >Lvl kiLy 42 
Y JSUI >Ij fUbll jLSil ^lj ^ Li 2.3 x 10 8 m/s 
LsjIjIi Ijj'j iilLill will Jbb _y iU l cU-ill . j_h*H a* 36° <yI ^j iiii-i wl* Jj i'll ^ ^l*-3 c^L«-i jiu 43 
. LxL«4t b^!La iiUbll Ojlllj till ^yj jLxiHl ^kw jm£| \ olkiJl tjill Jkb t^kll ii_y jA U . 24'’ 
ol>j 90 m j_*»- ^LiJl 3 _p Ijyy 280 m UjIjA« ybl 0 L 4 till ct>J ^yuJ j’y> pj>iLy yjl^». jjuj 44 ■ 
jlLlJI jj_P 190 111 <LL Itfi frill rky fr^klJI plu^y i*ij>) frill ?<h*i *>j jjy.' j^I^aJI jlLjj , *LLI ^ k w 
Y ^kil flijjl V» U . JjiLiJl .Jit till lii> jlc plli j!l> AJ JJ &y_Ajl Jju ^IaJJI J^y pj 
jskl COJ lyu* ylj O^yU* Lfjy Ji U yAXw IfJj jljUU UjJUj , i>ly pl*> fIj ^ AuOfrt jyL> <uk» Cuuaj 45 ■ 

Y pLvLI ,yybJl J«Jl y U . 2.4 m jjuu 

23-10 ^i2)l 

^ijji Lt , r kJl j>l JJ i UliL tit *Sjf ^kw cxw 4 m gj jXa* y> J>y> fl«-i tkak 46 

Y tl^_JI Jl jUJl ^ Ijjli Auyftll i*j*Jl j4 t_)> ^)li Uj j-rijlkiJI vi till fl*jJ| lyAluy jl jSy A^jlj 
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(jLiil* ^liw' : i-oi^-ll obj-wJI) £*0 J-*H 

i ,I^JL ^LlSWL* (f) , Uo3* 2.42 UjLiSil J-Lu Urf J»lo ^ ^1 y b 47 

? ‘Qi j *lfll (y) 

? bo*il y */il< j» b . 41° jM »ljfJb J»U» L bo*l -Wjljll 48 
xjkJ 25" J5LJI J-Wo jLfi'Jl ojijj 36" JijLJl yjlj oilSj . U J1L ^ J| «I*JI & Jyi fbi U* 49 

‘Ij^JI JJ <f-Jb JiLJJ bjtyl 

Uk— uJj L**l*j b’jo> 0* 5 j^ 4kiu» tij’jb ^ jk ^ j* 4 50 1 

L^j v'JI J-ib ^y> l^Jb i?*i—* ^ j* b , 1.6 bjL&l JrfU* 4»IU u\* 

t ^jWI il^Jl J! £>y 4#**fll > ^)l 

o-llb .k«L# Ljlj ^j! J» b . 1.45 <ijsJ\ JU'il J* Ojbj Jil ji f jii-3 4*£fi-}b J--& 1 git 51 • 

»UI (—) j ‘Ij^jl ( i ) ji ioW IjJ Cb-b ^a*o_j iijJJ J* pill 0/*i! 

J*. Ijjjj . iU'^l **** ji siji j-Laii 2.0 m Um/. 3i#* X*u- <f# ji gl*« gij 52 ■ 

liL-il ji b Vjkb b* ^b^l’ o’ J! ( ^ ) vJjlS ^ /J cii^l J* »j-4* r^ 1 jy ikb b* 

, »j4l y^iu 1 iSjfll -ilj* jl >tpl! vjUJb ^ jSlI 

23-12 j 23-11 uLmL'I 

L.jj> Bjj-Ji Osukj j-^-J 2.0 cm 4*U3jl f-*l 40 cm lijj^J’ bj* h*** i-o* d>$ 53 

. IdSl jL r ^ > ji>J . 30 cm (_>). 60 cm ( v ) i 100 cm (i) ^ j« u)^ 

2.0 cm ulii ; l ^iJl ^Jl jlS b| -30 cm jijJl ba*j «ji. oae Ifip ^1 ij^JI '^ukj ^ ^ 54 
. ixiSl jLa r; ji>J . 15 cm (jj.) v 50 cm ( y ) t 80 cm (i) ^ by? 

i ,^_JI Oojkj J>ji . -40 cm Ujaj 43 ji» Las IL-!^ 4.0 cm otoj 1 ^ JIW ^ 55 

jU r j fIjUwlf 3ix!. 16 cm (Jf.) i 40 cm (y) . 00 cm (1) : iJHII 

^ J->«i . 3 cm |b^J 3 >y> 45 cm jjjJi U^. W- L,j# 56 

, <*lSl jLu ^£ ji>w . 20 cm (->) . 90 cm (o) * 120 cm (i) : ly>? p> 

juuJI j_* L* (1). i-a-ll Ch 20 cm oLm j-b i-j* & 40 cm ov J* \yy ^ W 51 

? i}jU |>! 4IUJV4 Jj> (—) ? CkJaII ijjfll 

ajwJl , L-j*Jl jLu J] 30 cm jjy J* tj^l cjj^j oij Ojii <wjp jl— JJ 60 cm J* p> 58 

V y> 1* 4-tJaO lijjfl’ 

. ( ■;< -jjV ) j+J+i jy '^y>y ia>>l^u 4Lf j^>il 2.4 cm Uo«j W- a*.liaJ 59 
• Oj^-flJI c3L513J 4*4,41} 1 - 0 * 11 ^ oUl ^ b , ijsijJI b* 12.0 cm ^ ^ MJ ijy> 4-o*Jl jij 

1 \!ji £> (V) ) ') 

J s_^ IjLi ( i ) . JJV Juj 3 y i-jJl b* biw 4ij,!J*j " 30 t:m bov 43/4 4-J£ oi^ 60 1 
f ^*>jl fliijl J[ 4—jJb 5j/all J*L y b V p->Jl OAJ J&i 
^ ^ ) V (J73) ^jJL* £Jjj »j 3—eJt oiLi loj Liu^ LjaJ L«4!b U ^ i«’ (’ > 51 1 

? 4^jSJ f i 4jl«i> iju-ll > (w) i ( 4-0*11 f Jj/JI 0*jl 4l^0< ^bbl 


-911 











(jLiiiij obj<dui!) jjj-jxl'j oJIjJI J^iJI 


LdJjiU Juyl iJSjj » «_ooj d>,l . » ■i>’l pJK> v_i.su 1 f a>> 3 )^L> ijjjSjJ ijji* <miJ tP CUAJVmiI 62 ■ 

tyj L» (I) , • ■ JU> JLlii lyJtL (*ii>) p ,i>l <j ij y& thijSjJ Sj jut <~fj> plA*0u»i jIj^ 63 ■ 

. ( f L^OaII ,jjk]l dull 3J'ljj 3jL>^|l jf yi£ ) V p,.i>JI ^aj y->y (y) ? Ly ld>l»J y>l^l C«iJ*JI 
? j^Soll 3 * l» (y) • J>ji ( f) . / tJjjJI kj*j **/* *~ ,Jl6 i> 8/ Jy ^ p-** £“®J 04 1 

3*t>— oj*I 4jujjJU 64 pij 3JLil apI 65 ■ 

23-13 p-iJI 

ijJ' jy-ji (I) 80 cm Lyjy iiLJI ewLS f = 30 cm jjjJl kfi* J£ Jy gU**»- u^- ,>lc 00 

Jj» V <Lc^«j»aiJ t# i5ill jAjSjJl jlji* U (y) . JjKl i-iiJl p-i 100 cm dy ^k tyey* p~y tjyai ^IfDI 

V ■Gjliu j>i 3Jjuuu4 Lvjjii pi oyi> 3 j^aII 

8 cm Ujy &/•> cmkj p-5 . 10 cm jjjJl l*jy *«>« pUi 15 crn dy .^k p-y 67 
Jjk (y) . Lcjy-Jl *Jsl- i\yt 3_»j5ull 3jj*ll ji&) jiLyl* ( l ) . <wJa!I Jy 50 cm dy jlc 

V yjJJu |>i iljuM V ~<ty.& pi * j3. »3> 

,ckj pj . -36 cm jjjJl Ujju iiy* i-dc pl*i 36 cm dy ^k 24 cm jjjJl Udy L.j# o*kj 68 
. fulfill ijyul jja£j (y) . £i>y ( I ) dyji . lUy-Jl iwd*JI pill 6 Cm dy j*iui 
juy lijk cwkj pi . 12 cm jj^JI Udy u*>- i-oc J! 6cm yL ^k 1 cm «li!jl p^ 60 
ij^Jl J-»_j , LiiLfiJl Djj—oJI p_x>_j jLs! jj 10 cm oLut J* -24 cm jj^l 

ij^Lt pi Ujjuw V Ojjkj p< yyL> 

, 50 cm U+ijU ijL-Jl cjuLS ciycy yy^l Ja 20 cm < 10 cm L* jljku>a gls-AP 70 

p^*Jl ^-Oj yAo ^ii ( i ) , JjS\ L»OaJI gl Jjul 30 Cm <jLy jlsj j# p~«>J »jy*P jljiJ 
? i^Eu p< iijJju iylfjJl Dj^all J> (_*) V ^ (•“») ^ 4 Ej <1 jjSH 

JjLj 

. ( 23-11 p-iJL lijili . oLjaII gle 72 i 71 gUJLil i>ku ) 

. Ri = 100 cm L»a 1 ■■• »Lkol jJ»3 ULa) yLSj ol_U 5 rL>j o» yx*^Jl *-yl" ^*ko JiJ g«j34l 71 ■ 

tU^ a,lx» oils lijj (y) Y *I^JI J iJ y*)4 riultf Ijl i-i*u A*JI L» (1) . i?u = 200 cm 
yM g^5u Uok ^jjJl Lsaajj . gijJI ^3 j>S3 Ujuf -55 cm y* Ujiu L<JjJ lijiJl j*JI 72 ■ 

Y ( yil>JI T*k-JI ‘lixjl ^1#3 ikuaj y> Ui (Ri =0 *) lx r» *» I ^kJI jlS Ijji . -15 cm 
y* j-4 ifJU* iSji Uik v yyJJ J^UaJl JaaJI jl5j *jk* JJxLu jby> ^15 ,J jU# £*) 73 ■ 

? gi^xU u ^ i ! >i > ' l i JaaJI ** L*. 40 cm 

, JJL>JI ^_k p-cjJJ j j ya gi^5uJ p-*»JI jy in**- •uiz pi. Jil> ,> 60 cm mj jk p-*> ^ 74 ■ 
yl*| jlii JUj» Jj» . yl+JJl jyiJI (y) * 3—pjjJI (i ^. A>jli 12 cm y> jjjJl ^ W 

■ (V) ) ( 1 ) 

Ijuu U* Si * SO (ly> I S(Sft - /'-* : 3j_yjJI jk JjJj Jiij Ufk jyuJI j£*/ ojaJIj oTjll jiJjk* J Cui] 75 ■ 

• 5j3JI jt ij^lj p^JI 
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(jLiilj ^>yJl) Ojr^J __ 

u. s j oji j»u»jUSj>-*sjsa s—«- r ■ J> u ■> n *< J* r* ri 76 " 

■ n~v»J' <> X <iLa jifi i- 1 -^ 


X 



? jptM J* »jj* jj& of 

. iyi. iij, f U 60 cm m, jU Uj* jjOj 30 cm JjJJI Urn. i~*. U>» f Ui 40 cm m, Jt TT* 

f | oLi. 1*5. js "IS IS] L. jSSIj UjwJI u» UU* S)S!U ijJ-J' £W •*>' 
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oijJbj j-ftiJoJt cjj» .>>>< Ci!. j>j > *y^' ^jllj ^> 11 i V JI ^ 

. yJJ L*_jl! LluLJI lik* o4 ‘ Jm*J! li* J* 

j4j>Jlj y>jjs Ijulo 24-1 

y oUmIi jj>!w fJ*Jj5 j*j «y> oL *r J ^ J 1 

oil* y us .a- *i*yi J Ji y ? w» y 3* u A 

iuiis lifJ ijl&t Ul> ju»» W-J r-ty tP* ^ ^ j 3 * 

0 L»^iii iau»y ifjyji f* SijS- isy u ^ > ^ ^ j* 
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( ^'yJI J*mJI 

'X*J i jSJ jJJjJj v-Jl J I J j{> oU^tll j!J pi . jJ*-0 w_iil <j j>l>o ol>jll pjaui yj 
. V»t»Jl <Jd» Uiyi iikjil 

Uwl Lilj > n >j alii ot^« iJl> 'll d^LJl .j» j^jJl Ijjt xli>5L jS^j 

jILjj Cil>jdJ ‘jXM JjL LI . O-olsljuwj^iJl ola-jilj 0343JI ol>ji Hl> j 


jjy>JI ijo p_>l -uit 



<*) (*) (I) 


; 24 1 Jii a;L*ij ■ SjAUall C j_» ^4 -m .ot jilyJl tljj \jp3 y' c/«>jll ^aIsu-J 

ri&JbimtfMtybaty UJUI ol*dl «fcJ* lit* wl» Jtt LJ J£ffi ^ jM 

ul_a>*!l J*a, Ji JjaJ! <_uuujj . >1a 

*'jj i_ailj!l yi jAjujj ^>|| L* fjiJLkt ji - yJkii yJjrfLju i»i v»l - ‘vX»sXk jLuuaj >5 LaJ Jd« 

^SJ >x* ku* 

■ >5* uA ^ . v 

CjLaLxj jl ^.u. > J-S jiuj SjAiLp ol>o^l jX a & i>yi 4^x» ^ 4ii5 J5 Jaju 
, Wl ^ Lj~U jl'jj LLjJI liij yi 

j-S jjjLuJI i iiilL piu^j . ylij , 24—1 Ji fill ^j-3 *»j> 11 <L>^l! <US j—« 

(>J rjL>JI _j->o oL»yi j-iuJ vJ_1 jJ C*oiij . IjyJJfc L*ji Ijj-A» Ij^sL# v>L»Jl 

, y>l*Jl t_il> LjljJl iikiil Ji ^*3 jl* 
ji LLIjj 'L.yijJ' oL^jll _!'j_> OyL Li u jiy 'll J*x>JI jli jj Li \Xvj 
I j-* J—> ofii J+-H »> -Jp-^J jl-* j* 

J Jail j)Sj J-iuiJl y^ ( i ) LI . 24-1 J_LiJl ji lijli yiiliill 

uJt-«l» JJaJl okii J>b ol>yi jJowj Liyii s_ja1 II ykj£ dlii y*j A ^Jl 
oL^^ll ylj (_?■) »jj»JI L*S dlj (> J>y\ jjkll ^Ui *i LjlL Li , V_wj 
Jjy c^jklUI Ji» Jl fijfy vjj->3 lUijl Jidy Jk)l <ikL J>b jiu u) 

J>lai)l 24-2 

J-laj «1lj> <-LLl oL>« x_i JjLuJt j-i-ixu <Aj-i bjJKi 24-2 JiuiJl jy*> 

JjJ» J-L LULL 1 iLil oL*_Ji y_i yxLe^UKw yli»iJ jitJ a i i ^ijXju£ i)^^ 4 
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(>lu)l : L>jU j*^ 1 


jjjXflil j_i ttipll oL>jll y^Ui Ujit ^X>y U <L>^J U*U) . All *L 
j^A-xll j4-J AlL-il J . rtV »« j_i j_llu3 iijjw i.y»> jUUl J*3 'ju JfliSj 
f-A jy U LL » la> SjuS l&y U*3 >UiH jli* ( R >A l+J >*) 
iiiiuii oL*yi ji jj*u. (D >/* M ) 6j >i ^ ^ **>• 

. Jaii ii# lltww I 4 - 5 JV jAJty Lyu Jaib Orf Uuy oj^ jO ^ 1 \> 

. i^IfcJl ajjk J^i y j^l 

jyL[ ji L«l L*j11j 1I oL> Jl ji j-if ^1 JI je^'l i> j& 

Li^jJ ji jmL-j 1 iii>ll si» V“* yli UJ) . Caw Ifiw 

jLSu- (i) *>*JI jL^-y jll^lj 24 3 JiiJl y B j A j^j. 
jli jli»jll L.U*} , *□ jjjj £-** *l»j i*i jy ^ Li J jl jjWi j> 
j; ‘‘■;; 11 ji_3t*jll j! . j j - 'u LgSl jrfi^jll j* '■j*"* &£*"• ‘* ' l,aX ‘ i '' ^ 
, *L J>Li* jl/5 () 


:24-2 Ji-i 

i_JU £A*>* jlUl jUl jl>wflJ <1*# 
Jj_Ji j-2t- jiil jil.ll Ll«l» 

fli—A Jii*j li lj>*v t>*il JbjiuJl 
. D Jj»JU i>4 kfkih Jjls J* 



B L>jil oj>Ij 1 inP- t IjL JuiiL *fJ (*j) y ji^ 1 
ji ji ( j^jJJ A*-JJb gli jy Li & t A/2 1 jy J-#i jlA( 
^ uij»i ^ Jjjjjj. iao u y a/ 2 j^yi^jyji j** 
j*ji>yi ji ulu dL y Jiiy. \ju> LfJ iL»>ji <>yi j^ *y] 

. yjA j>Ij« jiy 

y.y jy, jIjjl a L^yi j> b L^yi ji*j js^i > k) 

f'J jjj fLi • 360 J ji A p j^yi Cm jjWl y • A i Jil5 

.. o*nyi ch ji o* cwhj- ^ <>r J! ^ *** U J 

4 J^< i)l i5' 

jaj*^ ji (oi^yi ai> y j^i uw w) r i* jsai ^a-J 

oiLi Ijjj (jjJsJI u^Ju ) jjjjltoi Uitf 'j| *1" JiA# 

L^_lli c 5 j->S’l L>jJJ L-JL iJl ; 3A ; 2A . A U ; IjL 3>L U»U*l 
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( J>buJI: iwjll oUj-ajJI ) £>yl' 


. <U*J j*» inilj Jiu-i 4*i JS yS wUj j jbu>J Litfr S' I L»Ij>| jyJ ■j'&L, 

jyi ?uS ij y* 5_*i jli £j| i 5A/2 i 3A/2 ; A/2 .^*-21 y»bJl jlS IjJ Ui 

, jy>Sll i ^*!j L*Ia»J ji j) i pijA JSi £jS 


:24-3 Ji- 

jj_il J I— A ji&j** Jfryl i>“ 
j-t ii—uti l+»£ ji jjiVI Ufe) 
• l4*» ^ 



jl A^yij 1 oi-t*)* ^'-»jjl J-** ^UJl liiU* JJ yJ' 

LIum yllii J yijju<all y^ift j* ii**Ul ol*.yi yl J -u-J* 

siu«> t 24 4 Jj l**>y I jl ilLil ja» JjLij J-f-JI j*j ■ jklU j* 
ji i « , < LitJ , oUL>J , i'l fcLfc> ^ ‘UJLu ol>y« y^LiyJJ B t A Jj£ yljXail £U 
^iL>^il &i-» (1) »j^JI J US v ^ZiSl sUo'il j» Ifj "5lji 

l*-A* j4-i li*-U *Li jvj £lij 'US jy m 3 i*i jl jl < j*WI ^ ^ 
, 24-2 jS^Jl Ji Bn itiol JjJ? ^ ii jUJI o*2 jJ1 ljj-JI lift* ‘ yW' 

>Lb ds*> t (y) 24-4 JSLiJl j yi^ 1 *1^1 J ^ki 1 ? 

^J_>l |uS £U ^jll>w A j> Ujlill i>^JJ UJJL ^/2 jljiw B y* *j->U»]i <*jll 
y_C SjjLJI liL^yil j-^5Uj JJjJ Ufrjll yL^J jy yi**^ 1 

jj D\ yiyi-*il y „ > l a jJl Jjl» J* d<JL>s! UU* ‘ lift yrfjJ-al 1 

, ( D\ sjj>Jly yik> y-U3 yi 4i^ ) 24-2 JSJ 1 

M-JU ylSU ^jLSi >bl- B i»yi yli 24-4 JSJI y e iyljji ool; Wj 
yJJ uii Ui ill -r- y Ai L ji> JiL>j5l 0 jby3 Uaii ySJ» A 
L»ll« i 6j-* Jj—>^ll j* ^ Ol* ^ 

. 24-2 JSJJI J B\ jjkiJl J> jU 

J I>l1( iLijJ o£> y> ,jbjL\ J'^ji-'lll y* Jl_jill lift J* Oy* OJ 'lliSftij 
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(J»UDI: ) jj 

Ajyill Ljx> J yt> ^ 2A j^ijj Di ‘liJ)'l Jpjk» JjL ^ 3(A/2) jjJu ^1 
oL>_jll l*i jjL“ U,jL> JU ^U! L^LkJI JSj ft . ft ; ft jli l&j ft. 

. ljS*j 2 a i A t 0 jt JjjlkJI ok J 4 I? jt- ^1 JllijJl jjSjj , La*j IfdM 
Ojiill Ja» ln> li-iic ^J±*j ^ill Ll^l y£ jrjJU AxJ'^j i.'jLuj jliiilf j'jl »yk 
. 24-4 J5 uUI JJJsil jk>«Jl ‘kfiJl ja* ii- 'ifJj 


“WV-'tr 

j/ VW 


:24-4 

jj-S* 1 _ r J!) \—jljjl' xt uJoj 

$-J . 3A . 2A . A l}>~ l*i JM 
oJdull j>—% Wk olity ui 

. ■ jJ} * 5>J2 . 3-V2 . m > 



^iiS’l L_*Jlj Liui'il 'jjf-i jil 6 a^jLh viJiil Ik ji 0 ArjI^Jt yi 

yi - JH“i <> jk 

d sin 6 = ^uduJI <J1>S}I 

, jjjJ*al' ,>“ iiLiil : j» d ±u> 
yt j5j j like ; ijyi kik liljjJI jfl) 

jJj n /« i> nl pLc J_lk ji 3A v 2A ; A 1 0 ^Lj jjH oyJi *Jl> ^ 

: <^lj n). ojIjJLo l*y-J liliJ jtLiJ *jj l)JI j* A> ^15 OJ Jk ^kj. 

nA = d sin ft. 'N (24-1) 

1 yi-i>>il ji ) 24-2 JiiJl J BokU\ Jjb ^k n = 0 jli ; JliH J*- jj 
n - 2 JilU LuuJi. (h - 0 »0 = cf sin A) p) yaj > ykJl Uf-kJ feklL ^liliui 
. 2A = cf sin O 2 JiJj ftkiJf J^» jt 
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24-! ^j^xjty Jli* 

Jj-kJI jlj 2.0 cm y» 24-2 J -S 4JI j_j j^J ^ I j_,>jj-txl 1 j^-a oL-JI jl 
*' H? <j^aZ1 k> Iajup ^1)* a_>jijjl La 0.70 cui yt 


<_i-sjal jl Uj-j._ jj A. — 0.70 cm jlj d — 2.0 cm jl pl«j > ^?rl-i>* JVjluJ 

: jj>J (24-1) UjUII _yi ^wlL; . n = 2 Uoit 


sin 0 2 


( 2X0 .70 cm) =07Q 
2.0 cm 


. kaJl £» 44“ Ujljuu Ujj .luaL Di JapkaJl jl ,jl ( Oi — 44"' jl Lfla JMj 
. 20.5° : *u L>^I V Hi liiJl X2*yj iajlj ol jjx : jjjjj 


g'**! gJJjM 24_;1 

i ja Sj^ i aa ^jL»*a JiUa J*^ 24—2 i2Jl L»Lii-oj Aaj^ydl 1 * 1. a j l 

AJUjII SdjAll jl 15-8 p-JUl j« jS'Si .‘-ll« )j , ■ !..■ * .» L2UI c«L>^lL o>L> 

cjl»y» i_(US_yj (jjw 3j*UWI oj A Oa-aJl o'^y :J » Jj Ojuao jl j£Lu 

‘Ljlt 4~ oja ~ .ai jy_£> jl j_a "5ljj SJ *i> ^jl>yil jl IjuC. La^J <L>|jjJI ‘Ul 

< 4*ljh»| _jic OjjLi 5J*L pi 4-»ji»laa hlaal£l alj_ a ilSLa w.>«j 

j_a j^.ia aj_jJl jl l j_j j_LaJIj klJLSJl J—aill Ijjij US ; jjpjj Juiicl jij 

C *3_o)l jjLaJia j_a OLUsuJI Cjla j — m>>J| j* j\£ oi iJ Li a_p**!l J V-3 j£) . suUjWCi. 

aiiJi ji ^iJLaj^ JlLa^ll pJUJl ji ja pijJI L^ki- ^3 Jiuj jOJIj 

j j . — ai j_a j Sa'i jjjjj jl *i!l a Jva*jl ja .^aU. ji jSUa jl 1660 pig LSua 

jl "i'j Lalaa Ocuu pi j^-JlJI dULi jSLa |Jj . CjL»j—^I kl ^ ^IjJblAil dJS 

pU ^^19- dlJjS jaSll Jkj . j3^ JiJuiJl p^alji*.^ Ijlsu U_jLJu y»UII pJi«J 

>-/Ij jlLu ^JLe <lyjila a^oll dj>-yil O y -d -J I LaJlaP 1803 

j 1803 ^alc 4 jjL>j —llll (1820 — 1773) j-Lapj piUJI yiu pj 

o j_» OL _J j i_«^aJ r- a— xii . 4-u_y-oJl iiiL»jll J^lju L^i* — -oyi 1807 

pi ji-ol>U_j jiJ,»-» j,!-i^ <j-l6 JaL-o 5jj0 jlia ji ^ J* 1 O' lT—^ 1 

LLaa j_»Ll j_5j 24 5 JiuiX ^ j* k5 (i^OI jj^l ja ^ '.a j U c 

^_Lc ( k-alx-kSll «i ) OlpJ^-tl ^■ ii~ a ■ 11\■. .'■,. aJjUla jkU* ja li^SLa J^ljuD 

jl_/ 8ji-.il laS^j >_»lju»Sl ajifJ 4jljiALia 4 J oy»lal jit . j j b. il l i_ « l V y^oy 
j^l L_i y Cd -.j . Jj*il 8j_aJJ aj-ailJ J>-k)l V*-^ U* 4 

. dlj JjJti <*J\ ^jJI vjLaSl J* 

LU; ^jJI 24-2 J_liil ^1 oUJl jic ^ijJl jl 

ii>*> lal V 3ja*ll JaijJl JUC SjJLc till oL»ja pai . iulU iiiL>yaJJ 
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:24-5 JlJ« 

j__iji-fc»4 yj j yi jl fc W . l l J_*w 

• j>-Ul j-i tU&uIJS—J< 

uL-^U jlS U>Ul uUj*ll if-ilLj 
j jVinl JS j# Li >j\P Jilill' 

24-2 tU-iSlI o i^jaaJl »U ji* ) 
. ( AjiUl ^ jAU) 



4 ii.AK wIjj»S'Ij . liSL jjSj ‘111 yli jljujJU D k_iiLull IwUll J2i 
( J-i>lll ) <-$ll oLfc^l Jiljii Jaw Jjj B ijyJU ij#*ll j^l^ Jjl* 24 G JSil' 
yljjiSl. cU-fc oJ JU US->b3 D JyJ(< 3>ll ^tyllj . 24-2 JSJJi y 
. wJ rjJ^l Jwj y olll 

US *Ul ol*y J->U “If/N £* jkUudl j^iJLXiuu jJje Jaw y-AJ 0^1 Ui£*j 
Lo^Ji, UJUl. oL>jj yll*# j-^jUl ‘j -^ 1 lSj-*-" J** o^i iiU-J'i Ji 


UIa>| j_jli Vjll IU J[ J-" yJl 6 ^ jfii 0 i-jyJb iyJ 

. I jiua LfU j*U)l JliJl jy 1 ! 
jUj*—II jbU y&i) . iij>i »j* 0^ 2 j 1 jwafJ 1 aU U 

fc3j»jll ju ^juUJI ; jk5i jy $ IlfJj 24 2 JiiJl y Ba j Bi o^SiUll JJ 


y <h _ B ? ULUJJ 2 a j Bi cilsUO <wUJIj A yj-£j JU» J[ ixULsiy 

24-1 iJjbJl j-*ki o' Uili L.U <£U 24 5 } 24-2 ^AUI y Jtyl 

US _II pij y n vi^> c nX = d sin fti ji jjJjll j-^l J* ^ 

^_>yi JviaJI y-S A Lil i ^jjiiJl ^w iiLil y <1 \ 24 5 JSSJI y aJ) jy 

(0) o)Syi Lj^-Ji ji j—«><yi fU-ui ^ uyij)i j* 

>iyi f'uUJIj rfjSjil fbUJi ^ ^jJl y 0„ 0 ii 2 LV Ji J^'V 1 ^ 

r5Ua-9*ll Ij^J ULj . La^JI iwj « n » ^ jiU U lylSj . n oa+JI J, 

. Aullll AUjll ji 4jaa ^juw 8 7 , bo* j'j 
. ^_>yi jyjl l_jUl> y 24-1 AJjUJI pljiJu-l J* gy jSw IjSaj 

ia>yi Jiy*Sl« J* ifjJl j-wJl iyi> y vj^ 11 y ^-^*-11 ‘y^ 11 
<Uhw ojyi j-a-y JjJ? J-S llaaj j\ 24 1 AIjUII j! • AhJ 1 
(jiyi JS ,> AllSl UljH Jfi OjU oJlS ^ obj> yll Ijj l iilli- vj'j Mf 
JySj Luu U—dull' jj j^Ju U vjyi l - J * > 

( J>lj j3ryt Jya lj ji ) tS- 1 ^ ^ ■ ‘ , y > 

J_SLU Sjoaaj a>Ij olj jj£ A>oU)l oLa^JI ‘ jj*U* sy^ ji!' Jai 
. 24-6 JSJI SUj Jm US Uj 

i 120 cm 24-5 JSUJI y L c*5lS *iu> 4+*ij»J ^5U j^l J^UU 

j| J>ljSll JwJ y> ,>u oUl Ul i <i = 0.025 cm ^JLiJl & d oUl UL<j 
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( Jjj*»Jlj J>ljudl : 4 j>jII ) j«ji«Jlj wl^Jl J-aiJl 


:24 6 JU 

>L_ki j_£ <UjU 1I JilJili obM 
;W» ) jj» jJUi *** ,lJiUv EJ J> 
• { 


432101234 



J! £*> 


J Lwli O 2 


. 0.50 cm y* 2 f-S, Uj+JJ j^jiSlI $)\ 
« : ji i>oj 24-5 JiiJi 


_ ^<-0 Q 5Q 


cm >0 00417 
120 cm 


.02 = 0.24" ji ji>j Ifuj 

j_« Vj iJg ,^>^1 JjlsJl 'r u **^ ^Si) oUUjJI 9JJk JjU gyj ^JlSOujI Jli 

: ^ 24-1 UjUll Jt jaay uJl ±ti J-a» jjj i V- 1 * _£)■* 

A = d sin ft, = 9 -025x10 ' m , sin 0 24 = 5.2 x 10"? m 
n 2 

500 nm AJL, ^^ll »j .All j^jll J^Dl jl ^IjuU Ijjli 
}LJS Jjl>i J*>S'I t-yell) lilt jj U j*aiii Jjj^l **-ai) ^^1 jfii 

, II* j* 

c_'L> v»i v oJl UL> ^_J 4_el>j JiljuJl <jjJtl ji JlAi jl Lyi* s-jjwJI j» 
jjjJ’ j^sjJ JjJaJI ^UiJ« -LeJlj 5b!» j>y\ l+jy» j* ^ls*3 1 a>iyi jj^ill 
jjJI y » lx*j j-SJj Jj_i bitf *l»jil JSi/ .JLiuSI J* 

Ujj IjJ ll> ^JJI *yai} 4y>_jil JljbSlj . ^>^11 JjWI jtf J ^ Sj 
jL^juS tyall |*Ijl>jxI silljJj i JUtSl ^Uil U iWi ..It LjUJI ^UAJl 

JljL"5l' jjbiiuJ J^ljlJl LLjl • -1 >j_u ^ill 5j^*Sl ^ .a. j . C*jJ 3> A,l^j b ^(Uj 

oLl,jiJl jji ^ J^a»JI jSji « J>UiJI i^US 0j4-»i » 

JJuiJi JjUU i ol>^j Jj-bi'l oljyJU bjui?j y U«j>ju>l ji! 

jj L*^ ^ sjiss* jjl» ojS^U A>yil jl Lib LijjiUl Oji US . ^jll J^bJi 

, jbiwljiu ji jUS-iUi* Ufij ol>^il jJUlI jj jji>^i Jli^j . oL>jll 


oli^U (^sjuJi L y>*> j# ji US j>^ll J^IJI) JSAJI il^ljAl' ol>yU 
ilwljlll jjLaJl |»>,l iJwljjul oUjil jjLo* Ja jiLj 

ji Lub lSjjj*o!I j-*J i jiWl^U j*£ jbyit U Uli *yl\ Jjia* ji dy>j 
j>iJI ^ . JilJiO Imj Jl Jj^ x ll j^fc-J Jl ojjiiil i^j^Jl ^~«Ai 


- 922 - 







( J>IUI ; alo-ttJI) y\J\ >11 _ 

iia pJUj . hr* jii jl SjJjAJI <j>II ^ jlLSJI ‘Luitj, gJjll 

CH *•>*' ^ yi^ 1 J • y^ 1 SWj* &■»*>* y**~» J! <*jU 
• W! j5» SAW jl«l J! ^ WJl* «tjll > 

ylillj^JljUl 24-4 

k-j J! J>j loti, 23-9 ^1 ISS^ US c !•* fl>JI ^ ^11 Ji^ 
*jxJZi jl *4-aJ» jjJ jl V «c/n JJ jiixJ jii n »jL£l Jito Jlii 
j-»y i t*=vlf= clnf : uk-yi j J^Ul ji ^*j 

: $Xm*tIf 

a ffl =—<A VIC (24-2) 

n 

. ^1 ^ ^1 ^1 U] u ^3i L Jn, J jisai .jAD ^ J< JjUl ^ 

*L+jU ^ ^1 j* 4*- ^ 6. jW *1% f* l^-M< j li 1 
j-** j_* yi >Si3 L^j . 24-7 JSA-V ^ ^ U5 >#ll l*i* j! 

jac jli' y 4ji l^Juu J| ol>yi [J> Juuj . *UU 2Ll£ ; y» 5jjj Jk J 
jJ OljjjJl JJtf i>Ju ^ 4il> 4 ftyjl j L 9jIjuL» Jy> jj olji 1 > 

^ ji —‘41 ^ jw. ^ pj+ij jj iab il ij]<j 

k-y l ojijju j-.- j_>b ooiyi L*>yi Jiy>Si ^ v l*, Ji\ f y; J w 

; 4^ail jjjw jyj *u_JL ill jj n 6jLi Jk 
i’Ttrsi — L \j-iy L Ojlk iliu JltoSl jjj- 

L uyji, «Lu J_»b . U>yi Jljfc^l J0i Li j (24-2) ibUI ii, 
34L-. ^ k.y< JljlAl ^ Wj# & ■ i/Av« ^ (Ip j 
: ^ L rLk-l U &h 4 ^UJI j>Jl jaASJl ,'k SKj, y ^ 

^ y--ij ki)JAJ 4 n ijLful JjUt «. L L-3 j L <Jjl» IjLi j! 

^l^wLojIAjU^Lkr^l 

yt n #jL£jl JjLiu L iwj ^3 L 9jIj3w jLi ■i¥'« 
Lopi. * nL (24-3) 

|>-M. jL„* lui lift 4 jM k-yij ^JUI ^ J*UJ| ^4 ftoj? i>r U JJ a,'• 

ji; y» jjjSll JL S J«*5 j‘J J-’Wi jjJI ^14iil+yi Jjj; jkj * il>^J lj<j> 

iLjLJl oL»bl Jjj! 
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( : 4*»yi oL* ^*JI ) ujjkJU |«'^l JJUI 


L>y jj jjJsJl jS jXJuJl jL jfSj ijy*** (24-3) AljUIL LiiijAj Ujum 

^_j I. t JjJLa *1 i i) jj—t tyal\ yu Lijlp : Avar jA ^IjtH ^3 UJjb \£>ya 

. tSjAt UL- jAlIj ft^ill jj 4o»yi Jl^tSl JJ£ 4ii ; Ja-yi 


:24-7 JSU 

JJ—i u ([ l *j o*L *)** ^ j>“* 
JljJtfl i» «< •j'—ij' 

j-iw^L *jlA» <U- i sjfa 

■Jb ‘ii— 0^ if' ■ £’>*> 
. «„/, »j'k* 



vAAATWWAAA/ 


E^i 

(«*>D 


^>ac 1 1 ^v*c 

AAAAAAAAAAA 

i<> 

(n= 1) 


~i~~ = r 1 ■ (^b^ 1 ■>■»* G**) j^ 1 J 

A vac A VIII . 

Jyi DjjJ (> C«S jjS,! Jf IjJ t g tJU Uxk-9 jjSj jl trtJ ^ij)l li*j 

J_»Ul W<l|^ jj jjISJI Ij&it jjifi ji'Sll JjOjJl jLil Utfti ybku) 

JljJI p~»All jJ US’ 

24-1 Jl** 


L»j Y £iyUI £>* 100 cm L»jlji* ZiLJ llil£ll ^liSl* oJj rl*j UL* pi j* U 
. jjjjlll yfi j» I3J A = 600 nm ^yi Jy> ^ ba*!; ji)! JyJI 

i jfllr >‘<4 JYjlukI 

Jj-u*J l jL*ll ^1 oU*£Jl jit I JjS'l JljJI it^y jSJ J^S Jljw 

y uk-y ^isii 

L P i = nL iftuJIj yukJI UkJL /yopt U lull jiliil J^JI hfjy 4^)0 
JJ| Uj-ay J_J ^yJl cjUU ^yuSj>Jl dnJl jJfO jl Jk yyk) ( 24-3 AJjUI ) 
Lopt = 1.00 cm <*,»*) ojtUll L ua x*J ,ji i i 5 jUajj ^ 1.00 cm 
\ 1.00 cm Jii »i j^l ikJl ^ ofii jl £y * J* : ^jr 1 

. Lfiyto jjJl *^oli j^yi Jyji yob fc> 1 UjLSUl J<Im jSJi SjUI : 

jljill j3 iiUl o* jtil JU- Jif yb jli li+Jj 

V t_( Jl jlj jLSjl J»kw U t-/j j *-*£ '■ 

j_*yi J^JJl Avne kiu> ; Am = A»«/n ^yL . U t—j J>lj ji : 

■W'J 
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( oUj^uJl) jj^iudlj g\ ji' J*i)l 


iUi^bJl jOAJf jli 1.00 cm aljjio jjll /-opt j^ull iJ-J j i iuiflLtlijJjv 1, 

. ^LiuJ 

L ( rW>3)* - 77 ^ - 6-58 mm 

fc J n 1.52 

L(^Ui)=i|^- 4.13 min 

: Ja £ljiJI b* 1.00 cm 

1 , 00 x 101 m = 167 >, 1(H 
6 . 00 xl 0- 9 m ^ 

*Jli L-eu Lx!lit dx-JI . SjJJ ji lj>J4 'ijk 1.67 X II) 4 tfi 

6.58 mm jli ilUJl , aj>j*I jj jjaJI ^ 1 p 
j*£*Jl ,> J£ 6r*H) ‘ ^uSl t> 4.13 mm ojlJu d*J bpu ilili* ^jll > 
. L> r 1*11.76 xlO 4 ^ 
: 24-2 o}U!L j*k-.jll j* JS j j3>y\ J^'l 
^ ( £ l >j ) =^^= 3 95nm 

4.13 nm 



4iJ J J>1.uJ1 24-5 


j Jilja * >0a j*M J»\lk £~ay 
i— ajx ! I Jjlsfi' Mjtjf . 

4&.&I Ul ji yill * ^ 
j>_y ^ iji j* j. >Uj 

L-ji^li j»u: uai ii*s,. iftiw j) 4* 

; hr, Ulfc Jilil ij*Ujj iaou *uAj1» 
. ifliiS j. ULL. jlaUx Ji 


jmUm 0-* > 0^'—' 1)1 Ji ^1 W> L j3ll iiyil oUifJijI 

JWjSJI j* pfll £jjJl li* J*U^ j^l fy**) ‘ liji- J>!Ji 
^jJI ‘pjJij Jj» /• *£*-< ‘HI i> Uij 24 8 J&l' jxw 

j_« j_>i tUJ jjLJI (> <1» j«i*jl i tLiiJI ,>4 Liu» jl^i 
jSij . jji* b * o jltUAll J—luj «-IIIj ^L^jJI j* J-»U)I 

J py. 1 . ^ -»*■ tLliil j!* jjiiluj UjS^ j' jbISii j^£>**Jl LU» Mi iiilii!a-ui 

L^SljLSil i*)buj; 

Ufj *5 ,>j ; iUUl Ii)jk3I jJj (> ^ UfiS' jUwljjU b » a ^UL-iJl^ 
Uolf b fUiJI ll>ljij jJlil ‘LiAU JjWl j^!l J i'jfr 

J ) fyjijt xLiAJI JL* jyio ji 4 j1c . a ?LaJJ <x-JLf l *1^*1' j* jH 
ji LiVJil ji ji, 4 jm jl>oJ a pUJb Juk 3 ‘Ul jjU i ji Jj ( 2 L L#JJ» «!>j 
olii; ^Ul ^Ldil ti XHmj t i-ii Ji jjPUJ' j# jjW 

# - jjUl pill J »liti U lLl»- j^LJI j J5U>’)I | li*j . & {Ud 
\ r — - - b i u 6**k-Jl jn jO^ 1 ii* j.* 1 
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24-8 

j-a i—£li*l) i_Hjui k j|l JLui 

jH4j J 

jJij t 'ju ^uli ji <iVil» CiliLyM! 

. 4Ml jilaal S >Qa 


ju j^jkJl W wbu y 6 fU-JI jli i JJ*J l^l*** jlS tjji 

j.i *>«»! *j«JI jLi Ij^Jj ‘LiAJJ baJI & £l*Ji UjJ< a frlfciJl 
JL«i j-* t^jy Ijjut 2L up t jljJil jLS lij L»' k UbLu j^Su-i *LJ*SI ^>ia- j* 
j^Sj—y j_id «miI' ^1 »*H jl—i ( ^JJ . . 5A/2 i 3A/2 i A/2 ) 4__*>ii' 

. |»ljjb Jiljj 4ut -j-xij U* i— dn ti y Iam3m 

A** 

u l/b 


•lj|M(»=l) 
*UW(n = 1,33) 
fif3»i(ji= 15) 


^jyi »^(JJ 3j^y> Jl^»Sl > Jii jl l^jUu jfit U Salt iiui^l iuitSl 
Jl^JjS'l j_>S' doL^i jJ »UjJl Jiljull jli i *y+t ^1 ‘ JJJj 

i^jjl i^,\y iLiill JjJ) . jO-oil & SjjUl JljtSl yb yjJ J»i> ii>jll 

3j)jJ c»k*u bjii ijy&Jdl 

oLwISju^I JjL« Jut jJJl jj jjj ji JV-5>1 kijJLx) ^>T £vl Jli* 
L»_jil uiliUil Lik>^ L*il . jbjSi jj iJjSudl ol_»^*U Lu Lilli* > JLJj 
jJ^U 0*11' iJJaJI Jut y-Stui Uuit ( 9j*J I_iu»i 3 ( 180‘ Djlji* jjU 1 ji ljuii iii ) 

»yj» ki,a»jj. yji y j**j y (> yui ,> i-Jaiii <*jii 1*5 

jlili>* jLSil ^»U* UfJ OajjU (>u J-oLUl x>JI jit ‘^Ji Uuit iiiU« 
Jjkii »jL~Ajl Juliu yfci Ljj Jfi HI OjLSJI Julx» kyj ji Jiiiu <*J> lij 
ILiLt'l i;-*!'. 1 Sj,jj (_i**aju j^jU' ^ >jil i >>*-» <-*£**11 jl> (na > ni) 
, jjUi j JiU>i ji ^Uu 6> o|» m > «2 i^l l»i 

Oj-flJI oljLJll jt ^yiuJl jjUl (J^ui.1 Jl ii’-e^L j^a+w jjkJI y ^i^i>’)ll lj*J 

o^Lsiljit 

cii'-S IjU y ySII jjA)' J* l*Jut J>Ij: 

J»UJi yli J *l5biJ'ill Jit jiL» ji 180° Sj'ji* j^JaJ* y j ) o* 
juw L$ . ylill lsW j^ 1 J> J ^ i* ^ J ^ J^ 1 ja ^ 
^LiuSlI <jp£> jJ_bJI y juii o* y J>l ^ 

Cm ^J'JJI jyUI J[ uiU > ^ jmuJI 'j-* jli * jibw 'i W 

jLii jy »j>u>i 

t'_it j* jyjyiuil kUuiJb JUtill uLkX 1 ol Ji-I 11 I ouj^bj 

j 6li Jiij 
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( J>UDI : 4*^1 olrfyull) jjjkoJlj ^IjJ' JkUl 


yti—u ^jJl ajllU vLiilU tyj>i\ l^l« liiuj ,yjl sjlil jL-ul o^ULw joxi ji 1 

jj jxJu Jilt jLS Ijj U Jl-jjl»oI oU*i*l! ait jl^ , Ljjji ilii! 

. jolSiiu^U 4*00 jjjU> 

jLi xj£ UfolS y jl ^oiboiJl j» jl jjb y jJ6 Jot jSy J ijj 2 
cu> ) vLiAJI jti iyal\ <i>jJ ^jmSuJI jLil j^Sj Uja> vIojmo IaJsL kilo I 

. «o>jll JiybSl jo ro>-5 JJ*J UjLo ( lUjj 
Look ^tLo ^LSlajI ^JjJ j^fcJI J ^ISkil ji*J jo jo Jl lij 3 

liJjj JJ_<0 CjLo ( LLjj 4-U> ) ‘UaJI jJ> r'juol <1 >jJ jLil yjS* 

Jluj'il iJLoi j. 

AJbLl ^ic 'i'll, i 4oi JU joj 43*} jo 4. JsoJy ^5jJI ‘Ul ‘Li ju\t 

bjLiu'il Oof ftjtJ ij ill tjljJto j^_Ul j-i J*iu JjO>y •li.i> ( 3 pij ) 0jO>Sl 
. b f Ln_aJU 4o-*iJL j^LJl Ji Jjj J iliOOy 'S jo> j t U ^U-iil 4*oJl 
' 1 ■ ■ j,. oil Li-lk liojb J_>!.lj JJ J j _ > Jo ‘Lw J>ljJ oii> ijj jl 
jj '5l[ . . Ij—> ciyl. do-Jl ^3 jO*jJl lit jl jo ^1 jlfj . A/4 jloto L ‘-oil 
J_U 4_ i . _ i. j i I o U ,.,i k >JI j_o jl 1- 1 531 J_>ljuD r yn.i lit Jij Ij> iji-oi Ua>iU 
, jliuSl J 4jIj»D uuiJa j-iAj ji JLiiil jlf 4jjji 
jooUu pUkji—>b dJj. 4_*fll oLLokJl j_o r^k-~3l ‘lyi-l jIjul>' jOAj US 

ji>ljuo olj 4_^>l>j rl^l jo £JU ai jAj . , tl_ji«iVl ijjAl jko^L Jj«j Ojof 

giy j'^^ 1 jty ■ • Jjtt *j-kl j>y J^ 3 1> J! J-" <** ^*3 j^jiw 

kL.ij LLo oyi— im) Ifj! j« jSbJi jljil Djlil 4kf jy .ly-.'Si jj^y 

wLu jof yJ a— / Ci'j 4 jo*JI sloli lilj ■ ‘jjiwlfl ^kuJl jif jjUl ^Jl>l 

■LuAi'Ij ‘lyLw'l'l (jj-ou rk—Jl jbj_J ‘Ij^JI > liyij ‘Llf jlj l UL 

^-iuA ^-Lf 4 jluJI ioj ‘Ijj—/I |»Jf 4^yo» j^jil ‘llAJl li* oL-» j j^LoJ 1 ji^ij 

24-9 J£^JI Lf>w?jj LS 4oilwj LjsL J>ljj oI^ja 

:24-9 Jii 

I jv y 4-v iii a \Al -..*^1 i H l iA ^ II 

■j-i*±r j —h <¥ J*- J** 

J_i j—«joj. M 

i l l m JjLuj 4tUi» ^1 4»lki 4flt 

j-jifAk j jjUl j 1 

ji uU^i j^j. XI'ln j* jikrf±» 

i>—• v A Ujjk (jW 1 J 

Jaai j«^|l jjW 

JjLj ♦IjL/’Jll jo 4^-jJ JJ oJlf 4 uaJI ji dlj Lj iM jli ; oLOfJl JS jilio UliA. 
, j O'»~ i..ill ‘^-kU A/4 jo ojjiU L» JJ JosJ ojJI jo 4>jj J! iij l «i*)l d*Jl *ljlol 
Ji. j>~\ U'oo LLil 4iiij iLii j-Lii J ‘ly-i'ill Ljow -^Lo^l ^Ia>o.*I 
jj jije jjj tj-CS liwkj lol jjjiil . l^lijjJsoplijjll AoifSl JklJ oyli 
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( : <*>jlI ob^fluJI) Oj/uJIj y\J\ Jrfill 


o - 1 1 24-10 J£i)L ^a US U^ j^y_u jiiikUj 

Cm o J l>^ *>* ■ULu UaIcj . ^x*kjl jy ^jLi] da ^lt tl^JI 

JjlfdU did, bkLJi JiljjJI olo» (> ALL ii^'AL Lli ,^-^1 li» ^1 
V- 4 *-^ u*£j • 24-10 J_l£)l jj US SjfctlJ i |^i>^iJI ^ 
tfi (24-10 J-Lill D\ ) * i ' »i ^LlAu^iJl *ii_i> Ajl>Jl jj> Liiyi 
J_l*y jJDI OyjJJI ,> b ftLdJl y-lSUJf j£ 4 y-UJl p Ua i*>yi j^Lil JiUil 
iL-, ^ A/2 UjU* ijLjj (>*3 jUou jiddi -jjIiia s^j*oa j*L!I 
<-LL ^Loa d>U Jli* ^15 |ji ul . ( lit dui j^ki dd ). ^l^JI 

L+J U Li sii*> JjUl ji> oli>«idJl»Jit y-45Uj jjJl JjUl 
li-* J->Ui)l ku ^IS Ijli 3A/2 iyJjl ^ ^UJI .iaL; 

iLu gin .d i i }LU ; 600 nm ^*j]l *ye gii jS 

. 0.900,11m _ji 900 nm 

J y* bj-^ 1 ^ j-d 24 11 JiJJI dull l**ll o^i 

L-Ajllxil ) 4 jA»u- OyL* dj£ ty*5JI ojj IjuIj , di^ll diiSl j Jiljill 
*H> W* L}*L>j ^ ^fu Jft U jx& Jji 

ad-'Jll cm >d LSdll di'jll JjjJj ^bi (> <^i)l ^jdi 
U j*j 24 11 JUI o#*il* oUo^JJ k*j jjSj Jl d^Jlj LoaJI O)^ 1 

j^Sill '•fU—Jl J*jj JJ luiJl lift Jyuj . jSyu oUby CifruJ glkel 

do4_JI y ^» 5 j^j1u4 oLa^JI ^(1 Ioa Uai. 24-10 jSitJl ^ iU^ll AlbJI ^ 


: 24-10 JL: 

o-rtii ^ uj^a ji> j* j-4i 
. I—,J^^ulij . . \jui, 

j—b *>b jjtt UJli u 
—-Sj • • j» uaM 

ii-j i* Jili ku jli yi t^il! tjft 
LM 6-rMi/^ ftM 

j—itj id j lUL. libiw d Aj ) Js-\ 

- iji—i iAIj i ^Ud^h J)i ^ UL1> 
>_p jAly ii-y f >all J _ 


:24-ll JL1 
j-* u« S » i « H . a P l«dl Ji >4 (i) 
6 £LjlJ| *—< 4 ..I to il i/ liJl ^kwil 
. <uaU jS di>Dl j* i^Udl 

IXJt j_t jilill JiljUl leu |u| 

j— ij» JS I jui . Qjj;J t^ilau JilllS 
j—i U j jS j^u Jtl) ? U 1 L. L*i!' 
jjjC.L_*Jl jyi> ui^yji (i) Jii» 

. | jiuL nll 



dj/Jl CjSi jjjl ^l^jl yii-50 4<jJ|jJI 






( jjjaJIj j/l^Jl J*ai)l 


:24-2JU* 

jj (n - 1.38) .j'i» 11 j_» ^JLtj 4 ihlii L#L>I oL>jjJI ^iu>> 

( J—>JI £>Jl»J j! *1A> jjl slUw yt U . ojjl*)l *yai\ ojut j**j vLUlu 

V 550 nm ^yll <Jjl» *yol ^liuMl j* ^si\ 

ffl i JYjCLkI 

b> IsUJjlJ jilt oIaJLaJ! tujuJw « jj ^jjS'l j>JI * IjL. ■ Jl^ui 
V dJLjyi <UJLt^i ciiLlo 

j_i 4 'Siui ^lj_A ji t iiidiTi I^jjl ‘LuiJl ilLw 4j| ' njL>^l 

. «LUJI 

y ^buu^ll ole j^all ^ j, jjUl-i ^1 oti'Sl ^ U : Jl^» 
jli wUjJj . n^nM ^ /jhkKj jl jf. 23-2 JjjjkJI jj - sl l .i S i j . *ul>yi 
. ijjJ ULou jljLi J^ai I IWjl»I M{jF2 
“ f ill J>!jJ .pUI jUI Jjb y v ^ 1 b^iJl t* U Jl}- 
. jLil ^ jfi *l*stj J^sll J> ^1 jj ; <ijl>Vl 

* <ii> jji Jb-j jjjl JjjJJl yt L Jl}- 
II jx!I i jMj Ljjjj i |iio* J>U JJ 4xJi»ii dfcJl |J jjjiw : AjL>VI 
2nL«A/2 4i^UU 
: jli J»Jl jc Uyi lij 

2( i.m = (^ 

L = 99,6 nm 

Jl»J| Lyi jl Ji>}bj i 4>jl1 gj <Ll» f-b jLsil OLUl JjuLj J[ jLl|» 

*1 <il! J jrfuJl .*1«ill I j}L ^5 jjj nL - A/4 <_-L> y» <bl»JI db— j* ^jj^I 

. A./4 CjL- 


jjj>4 24-6 


. ‘yoU 1 JjUl ^le*J jrjjjll i5^Jl Oyyu ^3 ai ^JUII ji j* ^le 
Ja_*j p *iu»j ytyiiJl j< i>_,J jl£ J--1I A»lf J-^J> l5aI' j! "^i 
. jA . Ji jf <LjLull jluSl olj jyJl y» lj^5 bo* jl r^lj t <J3 j bliJ 
J_>ijilL_^ . is. i 24 12 JUJI j^j . iSlClj ii> ySl llllu >*J 
5 JlJ- liJu iu>^ jyJLH ^jL>I 'Ui '^jlt Jai-L» bjl^u Llj jjjJ*l ^Ull 

k OjL-jll <—yu.Jl o3L-il olj ijjiyill ji i ?J I jj jap ^jj C u^j ol^jLfJ' 
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( : L>jll ) ujjimJlj £/ljJI J-aiJI 

jj>** ^4—I J>3l Ilk l+J jyj jiJl ikuDlj . JjAfS <iy JljiSl 
ly Lyu J_S j-iuj . Ljjljij lii 10,000 ^ jpi jij>4 ijjx»o ji« jjj>JI 
, lj> *)} L* Ljljj j^ll yLLj . d = 10’* cm <iLuj 1$J j^LxJ' jyil 

: 24-i 2 ju; 
jj-» ji_ai odiii) jiua ki 
VjL-i. ( 6L_ki) JjLi & £ju f 

L -* JJC i—V j uV 1 
•Lk Lii —«i_aib . lii jjjJ* 

J-iJJl ^,-1 <.. ij^l l Ijji* 
jl)' , . i rt i^iy ^pi t >Jlj24-g 
•(EJJ>^Lf 

L_»£j . { I) 24-13 JiiJl iyJ yjl*Vl^ wU j^>Jl jjjj%4 ^lj>iJ y» 

<1)1 l ^‘-r!- > j • J>^ll jy S‘Lyl jjUl ^Jl>i jXai {j* I *yo J*L«u till y'Jl jiyij 
«1> 1h £jio Jjlpil »jkJl j J Lb> jjj * \JA>jJI LjJ£ OjL Ju£ /til jjJI Ilk 
j-k ^4 Liu / l ifci jjykjl jjj-il £_iij . iJ ic OJUtllCL* kLo jil Lji*JI 
j jj—> mJi j_4 jiLi)l BjaLL< Liul^j . (I) 24-13 JjLiJI jj LP o*LJl 

jjj—»«Lij ^ JjkJl j£ jtuJI ij-aLj . jaLs ypyJii <kJ^/ 

flLJI J| 4yL» jku LxlS wV iU bjL> ijyo jiLl'i.* Lilli 
i yLlI jLau'il A4 9 OjljJ j*il J^i-*4 ^5 ypu^liJI Jj>u 111 Jfljjjl 

. 9 i »Laj itfi j^LL^I e j-o <ii Jjj i>). (y) 24-13 jSLiJl ^ ^xu y* IP 
LilS* Jj-fljl oj—*j . . J>jil OJxJ ojl> ijya ^L liili jjaxj >J ok «J[ 'll] 

. IjlUaJ oils dlj 24-12 JiLSJl ji Lull LtUl objyJJ 
j f K i jjJI 6 yJ yj jj jui> Lilli 0.UI ' V'l.iil I ^_>^ll Jjkl' 1 lij4p Ii|j 

J_jt jli j/xc j>y J^l> j4 j55l jlc (J_y»u 0‘La^fl ollS Ijji v «y»Jl Iaj 1> 
L_A_>u'wJl wJj j_P L L\ L> 4__|j|lj XiX J>jll Out! ijyo yi jy ^>*4 

LLxJl jyoJl 1>_4 JOC Jl LaJ yy ^JuaII ^4 jjLaJl tyaJlj , Jj>l L>y Jl^l 
k 1 — L i *yjl y sjj>j!l y>Ul i>» jjil$ jjj’j j JjkJ Ly< Ji ^Jl^ 

JukJJ ijyUl ^-»j i iJjkJIk^jJ*^ j4—u <Jf _jJl jj_—aJl 40»j . Jk 
yj^Jl •>_> . ; | U Lt <Uy J ill jLpJI jli « IplLVl kift yjLyj . jJ^ll j4 /i«iill 
Jykll jy O^UJl <_'jL j^l |»yj—w . jjj>4)JI lJLIm 24-13 JiDI ji 

, J>jll ouJ 5jvj ULc jyy jlll Ljlj^lj 4«U] ^ yL LlI j>^l 


lik yjt . l«4»l jl y, 1 U4 <ukil ^Liil j* •’■ U1M jl Hii t_>j» MiVill Lif 0 

^juaJIj tlJUII J-eiJl ji L»jJ L5j . j^it) J>y> jixxi tjjj/ 0\ Ol«4 jk Lj*JI yiji 

. ojl)4 La*JI ^ _ai- tijiu jj-oJI ^4 jyiJ jiJI LjUI L^ll ^li 
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(wiL^sJI) jj/SwlIj J*#ill 


% 


24-13 JiA 

jjJ—»- J ' (') 

jlsi j* Jalj j 

1 »'i&J (y) . Jyil jj jamJ AinllU 

u >>* */' J u* j* j j)^ 

i_aiiJl ij>—J jli « JjisJl jj>* 
- ,urty Ulifc f-ly Jiljj Ayyi jj&jj 

Li jxll la Q UjljL Ljj\j 1 j<--j* ‘'l 

4—Jj'jll ii—Jk UMJj , «jjaidl jf. 

y-t Jail—-J' j-*y. 1 ) Jj-Jd' ylP 
• jjj*- 31 



J-»* jjjjsjl jj j-y ( ) JA J£ jl tjjjlu L Jy jj 

(y) 24-13 J-isiJl y 6 = 0 jjSj U^t . ( Vi>^« ) iiyjjJI ol>wJJ jjum 

•Lfci'i'l CjJjLuI IjLi . ( i ) 24-14 Jjuill 4 In il« ifyull JJIM C#j>Jl Jji-J 
. yJL^J) Lfoiiy ^yu Ifjli yjju^ b JI y>L> OL1I yJUJ obdtAJI w> jj OjjU 
yjS—ulill 4_yj3 j^-iu i djj jlftj , y>y Jy» CuJL L»ua«p lj> jj5uj 
4*>*ll Jiy>Sl u> ^Lc jyjO yjl J>jJI Ou 3 Oj«_*» Jjj liloy 0=0 t*ii>r 
(i yWI : JjU ‘Um»U 5j^»a!l ojjb y-Jj , Jtyi ,Jl jJuaII y 
. <UjSjll Oj^sJlj ■ <byiux , l 4_(UjJI olj yluJI <UiiJ' 
Sj^-yS Lljjij l (y) 24-14 JJuiJl yj I^JIS i 6 4jJJU iylj JUuS <J! ytfyiil 
ij-t j»ii_ i oL>ai J_i jj lijtiJl { vall <U-ij 1 J>a 1I Oal! 4i y i 

*+>}» Jaj pj j "ill LfiSJj l yjS ^ll lI Jl Ju£ yAAjJI lf-M> A* ijjlyu Jy>i 
yi LoS ‘Ua—u ji SjjLao jjull j_£ flvi Ji yJiijj . . sjyail ui y 
jJJ A = A. 2A, 3A |>_j jl Jyw Lm . A oLy ( 

p *d) J** Jsj-tJl yji li* ^ , Uju l^ijw ifciVl 

£t>wj ^3j yt m dy> ; A = /«A 

iu*> sin 8 = Md jl (y) 24-14 JiulJl y j^U viJl* jl Uy«fl lil 
jl xfl Syj-Jl j^5uL> yiJj l#3 y-Jj ^ 

iLjLbi 0 j^j L* jukfi JiAil ‘LxIdJ 'i ' ll i 'l l \jyt) JJSJk-1 Liu I jl ; A = rriA LiyjJ j&j 
: AJjIaIL yJJLi yJl 0 ,„ |ui! 
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(jtuaii; 0^1) ^Ij g ijH J^I 


:24—14 JU 
«■ i 'lul l OlJ& 1 uliJI (I ) 
•JA Lifcj (v) ■ '>-> jA *PV 
j—i l Ll*Sj A ^m 1!| JdiJl 

£-L Mjjll »1 iic 1 . Luuu > j ■ -■; 

, ».i.y...,yi iiA: J lit ui 


AJ>W 



/tiA. = d sin Om , m = 1,2,3, 


(24-4) 


24 1 Jj* 


•uijM ijlii *3l>< 


A(nm) 

m 

ft., 

500j 600 

0 

0 

500 

1 

14.5 

600 

1 

17.5 

500 

2 

30.0 

600 

2 

36.9 

500 

3 

48.6 

600 

3 

64.2 

500 

4 

90 

600 

4 

£* 


d = 2|un jijjil * 


^ \Sy *-.1 l jLJl jJ*a» ji - aJjLm Jui wjLuU Jjfci 

<i = 2 x 10 -6 m ji llii yijaiy , 600 nm j 500 nm U*j j^*y jjjt 
ji OjjJI jj—Jl L»i>y 24-4 3JjUll olfj liu»j£ lili 

. Ljak jlk; jil vUm,Si £i ijjjit 24-15 JSDI ji llli <1 uj j^-Jl iitj 24-1 
^ Ifllj 1 1» j* jjSl ji 0= 90 f Ju£ ki/A>J Lul^Jl iljJI jk uukll Jsjk> ji <£^>j ) 
US i IjS^ll jJmJI U^l jSfi LjUSJl jij#>>L ■ ( 6f O' ifi*i 
J-x*J Oulll Jil—ijll jkj . 0 i*i jLljl £» Juljjj jja> JS j# ipLuJI ji 
ji~z US , j£*i U j-loi d Jx*j jl ^yi t jiSi Ujj Jn£ Jj^l !Uij)l ^ye 
(jAmJI L^aiw J! UaSili JijJwkJl J^i li&ll vlDj UUi Ijli 24 4 <11*11 21)1 
Ujit sliAxi <yljJ) - Oj^jj 5_3 Jj Om itjljJI <_h»Li j* j J a . i .1 HI sha>j 
i r L - L ** d acLjj ijj*4 SjjiJI j* ^At oli_ m ^JjJl jj ^*U)l UHi 

j*yj rUu j_» A \n ll jlo'il tjlJl Ijli , ijjj A jxuO j* jSUu ^y> 
jUxii ijya ejA'~l oxdl j t ^Ji c U-y UUU jJj . 
ll^- jrfjjLjUj jLkiJl jlj-» jj^ut Ojj JS Juu: JL»Sl »_jUU ( j^k> ji) 
Llji <ua>JI 4juoJI j| . 589.6 nm j 589.0 uni La jj-«*Ul LiA'lljLj 
,j.iJ UUi U) jiy U] j;uJA»* jjjjjA 4 mj> jk jikUl jja* 


. jLpJl IS* Jl uj 


i \ %\ \ % \ 


:24-15 JS^ 

y3jJ> j< Jl j>iau 

500 nm f j-*U L-ai^i j_jLi Jc 
600 tun 
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90’ 





























() OjjiuJlj ^1 yi JUJI 


: 24-3 Jll* 

U» jt-b Lj'jj 5_*l U*i i jj i> 1.0000 x 10 4 <j ju> jjjj* 

JJi-w jS> L/clLui UjJi ^_61« Y 589,0 nm ^>^11 Jill 
589.6 nm 1 >j la>Ji 11* j# a&U Ijy rl» ^sJi Lljjll 

| I j d trt'x JVjLu>l 

V j/ill l,yi »>W ^lj)l iJjU* j, L Jlf 

< W 

Y d a&Lj 3 * U . 


^, 4 ,45890x101m 
d 


d = , h v , = imo * M* * : 

1.0000 xlO 4 linen/cm 

Y <-)J> jj 4_y Ll)l <jujJI JJ 1> LiLul JA>J jUl It : Jlj-I 
^j}Ul ,Ly*Jli Ij^Jj i ji»iyi j* Jii Ullj Jk; ji jjII sin ttn jljill jj . <ol>}ll 
, m/Jd < 1 u> m ijj! j« 

Y 589.6 nm JsUl 1*1* ^ ,J>\ j L» : Jl}* 


(0.5896x10 6 ml 


siuvi - ^ <JjU 1I jU>J Ojlj 1* ^ ■ . : <ul>^fl 

j sin -1 0.5980 je-wjijJl jJ* JjSl 1*3^11 ju J»jJa>JI diu_>3 ■. llaUUj Jxl' 
U jl^ljll jbl*j . sin 1 0.5986 
9i = 36.09° j 36.13" 


. 0.01" yj$i JJ L*jj jtSilw jUllI j*l* ;> jUu 

'i 11* ji ) . sin (h - sin ft jfi) ji /JtLOi ilUJl l^jJI Ja>k> Ul 
jL^ljJl j_* Jj_s1 ^JjJI 11* jj^.LW j.l)li>Jt lili ^j| ( I UcLflij jlj^Jl ji ^JJU 
. UU)I ijls> jJ j»j £*>Ul 


( bj^ i>li ) jJlh ikjl^ 24-7 


* > - All j —>j-l JjLJL jj^J llj Jjyj j— ill ytfj-f jl - j jl j-*> - t-jjjuLc 4 Hi 
Cj>jll JljJaVJ < y ill; ji CyljJ i 24-1 JSJI JJ ojal 111} 

J-tXU Jt-t»Jl ji II* . J—3d*il <ly*yi ty^aj j» yj£\ 

oj_A ul/l JJ t Ju ji jSl Jyll ‘w X UJI 1 — U L ( JUI fcX> jl 

. ijUJ jv^> s!)Ia>L jjilll JwJl uuS ‘i'U *Ljk> HU jiy/Wi 
^—SJ Uy- Lyi Ui* l io-Li <u«*i yU J~oU jjll 4» uJ I Jll yyj 
. oL'l pUl jl* LujJuu Ji- 
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( jjiaJU : <u>jll obj-suJI) jjjiuJIj v!jJ' 

JJ» _^t_P *yii\ Jl—jJ ^ki—J Lilli LiviJl ol>yi iyx> iiLii 
. 24“16 JJLtfl L£ i *L*p ^Ip iiliJI Jjjw ^5 ijiL 

iibifjl yli I dJj jlp Oj^pj . cJu jJl y* jL& jijt\ iij-ail 
. ( Jx ~,^1 ) i-j/Jl J" 0 * 1 

4 _iip JjJalj Lj yA>ij J jl frti*j J>ljjJl |> olOfJl »i» ^ui yl 

ijjul Ij* 


h 


•Ull 

(|UJ'I tLii 

bM*** 


:24 16 JU 
JU^l) Jj_4i* Ji j4 J»US iui ( i) 

4 i)»jl«? 4_ihull (v) ■ ( Aj*& j u»J 

u—jj} lie jj> >Xm jisi jiu<j)l 

. ^lull US yMfl 




- lull Jbiij ,> '•!& JS jj . , iikiilb flsujj **>>• *** J"* 1 

j_» <-uy> i*il vliiuu <i£»» oLj-ji jJ*M Jjp - ji**» v L - t * 

liij->Sl Uitf »j£L* fUSl JJ X-Jci^l yiuw ji&i} * -Uill jlAl Jailll 

jjlp >wLu Jisi; jill JaASi jjSujj . j-aU^I 0 l*j*J** Vjlj* 

. yi-juJi LfJuu a* j_jJ»ll j IfJS <iiu - (t) 24-17 jSLill illj ^ _ bOiJl 

i^SjH W J! &)tj ^ jd j^Ull JIjS^Dl ''■») 

iijj ^Jjl 0 UjIjuu ojlj iy>) lie *jj 24 16 JiAll ji 

oliL*« JjuJJ L>0iU 4_ili*j ‘<j_>l o» o|* ‘ pWJ tj^L^ 

(j) ; (_>) i (V) 24-17 JSUI (p]j«!l) *U*JI J! ji J! Jt 4 - 
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( JjjJtJlj : 4 a»j 1I objrfgjl ) jj^tiiJlj £4^)1 J*iH 


‘U*ii Jiiljil .ilLj jiSi 

UL A) JjJLw A r'wOjI jle uL lx i j : OCA'I uL o Iia jj jLUiil B f'^Jjl jj 
, j_»^ll l_*AA»i jLclwill ^j—iL jl Jl jllj J J XJ ‘ JiiJl j» >-J ijoJl ) J_jl 
ol^* j_» a_>Ja 1I jjUj_^ ^l)l jl i5jjuv li)S Vj* 1 JS Ijj» jl jl? 
LfJtu L*J jL-JI Jji jS jllj* Law L ^ .aw ^yiJj jjiSl ^ » R _j A j* JS JJ* 
fLa^ ojpklju-* t ocii! ^ILJI uLaJI j_> pLo JS jl *jijlj . A/2 

i 0 i-jjljjl sj_* Jai i jilj jSm* . ji^il Ufl» J5 ^iJLJ JJail v_i~alll j» jjliuu 
jli JUI jj »wjl 1 aJ> LSj -uiki WAS AsLwj OwaJI jj ‘UiaJI Jl jl 

6 jlS aJI Jxk^Oj , J4JI tjbjt 6 >- u » sin 0-klb UaLc t_iivll lit 
SjLaAjj (/ - 90’ itf »|Jju Ju •uilii 1 WAfJI jli ; ijjJJ .ywjl JjjxlI 

4->iA)l ijy*> jli A 4»L~w j\—4 Ji> ^.oiLjuJI ji OoAll J»jt j>l £ > 

. Lylffil Ifrfj* jXM j> jliuiVl y A>Uw 



-.24-17 JS^ 
l ill! 1 fy JjiLul jjl*‘ lie 
1 i '.iii j-JI ji t*jL\ ^uli 

J > iui l+iu Lui Ifu 4*j,ufl ijuijll 
1 liui. JUJ) J> ji A /2 



kind 


4Juiu oj jli 24-17 JSLlJl ji LS . A jj j^l jlS 6 ul >lj 
j_« 5—*jliiJi iwiS'l jli AlbJl 0 jj» ^ij . (_>) *jaJl j A4AI 0 ojljJl jic 
^JLU jj_> jj ; Lu-yjll dJill j-* iujliJl iwiVl klilL Jpu iiJUl 
Os-j^lS j *£i l^ljj xi£ ^^->1 (i^JI . ‘W| jjJ^ 'iJHI 


^li.-Jl ^Jli - ^Wjl 4-^ji Jj j 5 (J-2JI jl i ( J ) ‘•^*Jl 


LU liiUj 1 jl* J>IjJ AjJl> U Jil 1 ji jS*i U i<jlyu iwi^l JS au 15 jJ 1 
jj jjj ^ ji (2) ji i } y ji IjjlyJl iwi^l ''->*■ jl (1) ' ji*5>» *>' 
, W)ju jj jilb U-Sl J*M f4t 
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( JiljuJI : oLj-rfuJl) ^IjJl 

j—>'ill jL^WI oL^I ■ • »j*U* s ^\ tijJI W* 

. iyl^Jl aj* XLi itijUJ! ^^cJ! j^Lij JjJj 
A ltd)I «J|I yJt _ UucljpL j U'lllj - JjJuil j—jjl Jmj <xaJkI oL»~J' jJSIj 

J «k*!l Ogtfjl jjj^i tfljjl ILyl^U \jj*j Ijli , iijSj ll Afjill jt jil' IrfioJl 

: jli Or 4 <*£ Jjlj 

Kinfl. =— (24-5) 

P 

Jllll i_uLI iljUll ol» JJ Jj/j 

jJ>jJI 24—8 

Ui^Ujj . Ix> -lijjjJl JfjUlJl <L>}L Ljjjj jj ±>J Ail tyj>JI oUp j* 

j'uA^ OijXAt ijj) klu> ; 24-18 Ji-Jl JJ li*>j Ij] jjvuaJl oi_* Jljjl 


ul_S Uiifc »jt i jsull jya 

gijjag ip J iiii vjWUi ^ 

♦JJ—•# 

, <bj»Sl jUjJI l+LJiij 
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( ^iljJI J*ij| 

0 l» W •>* <»«i)l i>& Uikj , Lj^lJ JJU J| jtiJ ( <*jj) Ji Jjp 

oh* y* M ^ V>*-* 6j£j J^l j^ 1 j^ 1 

h Uy jjJl JiJl j»i j*j£ *yil\ jS <*# oLifJl »kj 
JLll! cJjlu Ijl oblfjl oi» lfJ5Jj jjjl ol^jfcJI okjwl ji ijw ji lliiu 
jU*J] jl ylUJ . iy UJ lift jj Aw S' oJLL jillj JUll jjjyill 

0-ijXA4 jljlilirf 4 jj_*JI <*J| jolu U jL (\wy-jll jakiJI jlj i Iwii Owi)l 
jydl 4_*k kL-u ;jiJI Jll*Jl jj«Jl ■ufu-i JJUuLj . 24-lb JSuJJI j) j^ji 
Uf>L»jl Jj-j*Jl SjftLfc v j i .mi lijA* jjlL 4 jSuu 2JI OOljJl jJaJI jl J*>j 
f ■■‘ >' 1 iij»oJl Jj-aLiSJl i_»jj j» ^iiL j,uJl j|j t ( j^*JI jUJ ) buiJI 

4 jJ| Jaiu jjll 


:24 18 JiJ 

! j-*' 

JjL-aH Jji llj* jjjAjull JJaj fj ail 


^ UfJjjjSL_i.il JUJBI>I^ 

1 

• WSIjjj 


y-'jy* 4 24 18 JSJI jjoji Jijll JJ Luj_i Uac ij| 

O^aaII ij.u j . Ij_> Ojj_L? 6 4_jjljJI ji pJ LLL jill.ni’u JjLaJI i 

Juv 6-1 Jii* JkljuJl LLw k-j^ljju L u>j yu«Jl ja 0 jj£ Ujk 

i> tetij* { U< f- UU j jSUa j! ) uiLtfiii 6 ^aaII ilia 

. _jSl JmIL) LyjJl jjjaII jL- jjkjjJI jl>^ Ojijll ^ji»JI Aj^a!I Mj Jju A j Lj.Am 
Jjw j3 0c Ly> 4 0= 0c jli J^Uilt ^jVI jl>JI joi du> i Jiyi liA jjj 
^IjJUVI j IS Ijj VI jjjjuoll J-J->o ^ > h i ■■!> V Lul jl . 24—5 <UjUiL Ifkyu 

Uli 4 IjiM b Oui'l jli‘ UK 4jji £yj U5j . 0t j» Jj$\ 0 U^jjj Jjl^ll 
UK jlyAj Jiljjll Lj kw ji U^-UU.1 Ujj! lj] j* jlS 

Oolll jOjt yu> 

jl) oLxij ^ ^yiUll i 4j«iJl jjLm jjj> jk ouw»il LuL!ili» ji j* ^ijJl ^k 

4-jyb 4_>ji jl :«_>j jilLj ■ 1 ''' ■' Lajk kiiJ_>J i—i yft'jk ji V] ; ( JjLi 

, ( IjjjlSJl ) jjjAlIt ill! i-*Af Ci>\ij j^/Jl jLjl i olxllll 6lb 4JjL*i JjwJj . 5y iuj 

jJuai UjjAu Oj'j Osli jp ^yik'l Jjjxll ixu ( i ) 24-19 jaw 
; UjUIU LjSyi ^ahull <ukll JjljJl jkill ^Ja*jj , ijjall 

j_ij J jj# iujl JjoiJ tfr»iiiw yjl Uj ! jJl JJ JjljJI jJsill yin ni jtiu 9 

ak kLi Jl iXiill jS^* j_4 kj-Jl JjjkiJl U*iA) ^lll iUjl Jl yi i ijk^) . i»J»!l 
. A^yi (jJwJl ujUl jkil 5JUUII oUUJl ai» 
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(: <u»Jl oL^uJl) v'j)l J^iJI 



win Q = 



0 ) 


:24—19 Jbi 

uA* Jlaii y tiaul* » >• ( 1 ) 
. A^jllJ ikulj^ <1 

. j«ki jijiuul Jj^Jl iuii ( V ) 
j jj^' i y^jit**! Jj—#»j! iUji (—*) 

'r*^ y-* jwo-* 


4_3kmU Cuail'j 24—5 Ujlailj iijliJI aia yi -u Lilli J»>^ , oOill Jlaii D viu» 

(1 

(^rtOUJI ^-Luj u|* U {**k> y jUaiu jljJ«<M 
Ju»lj k-M jj L^LpJl ^ LkjjLu ^1> oiljjJl ^ jlj>L- <>0iJl jt* jUl ij-oll 
L*h Jjljjl A C*;^ 1 *>i (-*) i (V) 24_iy J^ 1 j M 

piJl tllljj JjljJI jby& lyLa jlSfl jltf 0j£» <jij yZijSJI Lw**^ 

: Jtill J>j«Jl LjJ (jj5L| illi . j*WI 


J)Li. ya yjsy>y j«laii 60 ^ ( (> J* 5 

: 5JjU1I i> D Ujfci **1» 

sin 8r- 1.22-j^ (24-7) 

jit UijJi* J* J^aJI jfi \+*fi jSil {y 
• ( a* 4 ) 




(JilJuJl: o>yi oIj^I ) ^IjJl J*ai)l 



6= Or jjij Uiie ss j «t U 


d>J |k-*> J*tfLL> j_* jjjutilj L>jfi 24-20 JiLill 

. f-jJlj ox* y> Ua ji& jm I * $ UjljL» iiLu J*jii 

k-ijUn ji ;Saj ji J| , d Ujljiu «U i-jjJl jf jju3» D iLjaII 

? Lj.l. Ui jSjj iilj £*« Jxflliill 

jjJI Or c^LS lj| 1<-LU: j-£u j^l^l Cli jle 24-7 Aljlnil 0 ulL- 
jl 24-20 JiLill j* sin Kl-22 A/D) ^ L^iuj 

Bin^-= 

2 >/d 2 +U/2) 2 2rf 

, rf j« ^jljl y uiSu yual S j^ 

l^. ji^il uiiiiLj <u_<liu L,y;JI jl_i i s u-uJi Lijy! <u_ujLj 

Sill Or jljAIL Jill ill ji jijif LilSJL jli . 3jUJl j» li> ijtiu) Or ji iiu>j 
: j* jjjyi jijiuif Or A^yyi 


. jli v 24-7 AJjIaJJ vyjiill 
Dr = 1^2 ^ 

. Uy-y J*»j ; j^iljUil j^l» 5ljL*<j 


j_uij j du jij 4ji,iJI yt (dID) jljiill ji 24 20 J£jJI Jj L*>j, |j[ 

4_jjLmJI oUliiO-.'il _>»» jj ^ j>.nll JU^iyi j_i || Imi’iH 3 jit . 

; Jj->l OjLjuj , s • A jutu jl Jil v_4yu5j _ JjJ a»ou - iiifujj oLyLiijfu*!! 

l*J jiJl jA 0>j LfSrfjj j£»tf j3ll Jj^UiJI jm\ jli 

ojjL>J j_£** ^ JypOL ^Ll jJ ljj»j . tjujii fjJsi.il JjUl 

, ^u~<u)l ijjixi y iijy>Jl AJilt oLk yjbXwJ 

lllii jy^i 24-21 JliJlj ■. l Zyi* jyei\ Ja>j Jy»>Jl jl JjJ 
oLtyj ko-i ji JUL j^ll <5JUJl Ji ji jl» 0 ij> v ALixll ^1 a j>l 
I j] Lo AJL> . JJj jj jkj>\ AjuuJU lynl j«Sl py*Ai Jij J^ i 
|k»uufj| dJj J^ULi jlj i tj_™oJLI ^-*^1 JyJI ijjli* jl^ 

jJa J_yjL>JI Jj>1j 1I ji 01 muuLu ji jujjiP UJaj t OKxij UUj (Jiako 
. OJi>i-4l iuaiu ,^>^1 JjWl ji fK»JI J I^JLwlij uyiv ^Lcf.^1 jy 


- 989 - 










24-21 Jii 
J jij • ,> ^ J* 

dAyd Jj*j ytiSl Jib 
I—ij*»U d_lj j« jiudVl pUi^fl jfittj 
. J cr 1 ^ VM ji' 



24-4 JU* 

j-m'\ y i U 5.0in jUyt Ja> Ja « J** » oOi ^Li iL 

V li* <1x^1^ Ufi^ JjJjil j£Lu, ^jj ojlj 

| ! (jHiU jv jl!u>i 

? C>i*j <ujlj ja-jI <*ii ^a>v LSjil 1* : 

UjUJI ) »j_di Ij —m jv jii I li*tfj| Jsij pa>aJil *«U ^jll J^Ui *J( ; <ul>VI 

. ( 24-7 

• oi Jt yry til: Ji>> 

. c^>yi JlU?^ll j-i ja-o ^a* y jjJl ^jil JjUu U5 uaJ ■ ijLf'Vl 
550 nil) Ji« . y^,\ JukJl JuA*x» j* yjiJl^ yru JjL flaiuJ die Ijjj 
: 24-7 UjUII ^4 : ii3LUJij JaJl 

sta#c= U2(5Mxl01rt =0131)(10 , 
u.O m 


( lijdlall jidiL < —tUj ) 0 LjljU iyu> pi\ i*wJJtj 4jjj t JJ5 ja* Jj5j Lodi 
!■*-?■ *j*-*-e V*’ uu-sv ,yH J di "ij sin 9 * 9 ^ls 

: fo*) 

Or = 0.134 x 1C 6 rad = 7.68 x 10 K dc*. 

Ji»»j jl - - £jkL- *i « J-*» » l, b 1 '* jj® ‘ &1* ya jo* jLJ« 

! 100 mi ^jle l» m# 1 in <**> lL^ 
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LJlii SjL J 4jilJ wl%VI ^ 

j>—i) -lux • iik lLul ' > j-all ^ A'l.J ) 

yJl jkL-lJl yi yly L jfSl i^Vl 
• U JJ* l> t>*i UJ^ ^ JM 


:24-22 JSul 

i—lilaJ 0»*» J ikLU 


_ i 

udailalt 24-9 


#^Ub Jill ji Jb 1 Jjx>j J>ljj LJ^UIj CiytUll obj-jil (> Ji j^L‘ 
cjUmuL^'I jjyxj Li*y . ulJaiiwVl jDi Leyu-JI ol> Jl « V J[ JjkH 'll Si»li 

^jJ| oU-^ll yj JjJaJ* llii -L ' J*» Liu .^ill Loju ' i- J l oLkjil Lilxio IjJ 

jJ .Ml ji Juuj , Lulu* oULaJl jiuj JjiaJl J otylI jJu J jlfi 
LfJ ^1 ol>yi JMJ JvUi# jJ^II ij3-JI Ji jVjl JiH\ JjS-il 
jfrt oL>j* LJ# jlla< <J»Jixll CilvJII ol* Jijj juu-Ji jj Ji J oli* 

j_A Li uJ a LL# 4 uLu t ^ulj Jl J^L> j* J*>JI jl jSl yojil . 4 jiiinit 
jJ« c/l>**l! LuSl oLiJI vi*> Jill Ilk vji^j Jj-m . 24-22 JSiiJl J tJu 
IL* JjLju jjl Lajll (jl Jl , Jjli j* iUwljJl 'JjJfcjil iSjkJJ tfy tu-j 
L>y ji**! lj fi Ijjj iiii JL>lj J Lfi^Lj jjilw '-JaiLyl 

oi-t) jb JL Jl> oiuu-J 1 o-JJ jIjjL '—ilhiil Ilk ij a> £ jiuj , LulJLl 
Juu _ Jl»« ll ■u»_L_ij_ jjLill J-4lf fyli Jj—<j . 90° Ujlji» Ojlj JjSl Jill 
. o«-lj* Li i&y iiU? ol u&& J Lilly ; 24-22 Jiill j^ L*i i»jll 
cjL)> j* jj&l o^aJl ol>^« Jl* IJjUl obvjili I c j> jl >_ubkjl Jfi j 

1^1 oJ^Ul oLlljjJl Jill jiy 'i lUjJt jLiuul olksjl Jrfi j J 

Lt J_Si* Lbj aI ^li L L>^ J oLj^j . yUiiL-.jU 4—Lli j.d LJ^kll i> Jl ji 

. oltii-jU iiili Lf)l j'jj yi <>lix 



dJj j-i jLjulj ; yliiLul L^jJa-uil^ ^Jl JiLjJI j>« JJ> JUk 
(■v-a!l J—^oj i ^_uJl Ilk J L>^ l^_DLiuwj ^LLiu^lL L] jluJ JiL^Jl 

olbJLLul> JLtJl { 4 -/ ^yju jJL Ijl_> <C^u*i dj—jjl aikj . sjL gb fi 

<4j,\ oljJj o JUi ‘Li# o* ,wu LLuLi JjUl Lib Ji*j . Jf> J Ly 
ilk xxojJ^ . juu J->U lL>JI jj L_ujj jillj *(juu U I oLj^iijiJW sjL jj Jlill 

1934 fU jj'i , j>. fajji U#ji^l #5j * «j/3 * 
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( J>UDI; i*>yi ^I^Jl J^wJI 

JjJj ,*_a jjLaIII tl >*^1 ^ L»_v*f jjjjIL jl»i'.l <vlt_Jl *u^)Lxj olj^jJl 

Xju lulji-J [Jail —< - > - WJ J Oy- Jj£ iya/\ jit Jjjjj . . jaij olj^jJI 

j& y J a * ^ ^ li* jlj<J JutC JJ3 jl# j£-*y • SjW ^ j* «jJ j» 

jl dLl j_« lj-*j . . Jj^li ^jJJI <fwjJL 90° UjIjIi Ljlj^ Olj^L OsjJ 

. ( "MX? wJJ JmL *A* ) jluil <j~uJt u> Jlaj 

jjj liL-u ( I j *\_>JI j-i* v SjaUsJI 4 j_» J. ufl Lo 24-23 J5ii5l jjjoj 
jj-jjj v jl aii Uwlj yiuLLUl »wJJ jjJl Jj'il ylaii-Jl ,J& yiaum 
. oLS^aSjj^' S' oLjL k> jjxw y>j >-. J.V.V. JI ji jUuJ! 

90 D UjIjJu Lf>i« _ JJLxJI jl - ^liJ' wdul-Jl ji jlijJI jpu jjiL LjjbCi 


:21-23 JU 

^i-X ^ ij Lit ^Li L lLa i. —t tyJal I n_m»j 
V ^ ^ ji JS . . l lli'i .,,4 

I'JUfel « JkJt jf. S&1\ ><1* 

jfiLj . ,ji* dl\ jlill J Jjm »l*jl j3p 

J ulf-xu ul— Aja uUUjI ^ 

^>****11 

tj-fljl J-i) TO—o jUiy Jj'i'l > ? iJb2x.m«II abkjl yatj Ji <Ua4 (vj) ‘LkJl ji JbJlj 
j»xt 9 Ujljii Ljlj^ }CL jlxJL jlLJl jjX jl$ IjJ l»' jjjlL >. iUiX.nl! 
. juu,tw J jJl yt J1>JI jJ oJaii-Jl ijxJI jlj (>>) ^ L5 ; >. Jii’ L.Jl 

JjLJl ^LftLy'Jl ,n—u- > ^_9 Ow »_ ihiT nil jjP 1 j-jJl ^3 JlvjJlj 

Ju_»lj JjjL<I ^-u-j i,.i lit , 'i .a« JUalal jLtj . . «j_aJl jLllil ftbOl ^ 

•j-Ji jj ^JJIJLu J] JOO%W jjlill '■yJi I ijui jlj ; jlijJ'j yjjjiJl j« 
0 LkjljJU LjjIL SiL. ji>JL JJuil j_y>w» jj_i/ 1—i.Lfj i i li jj ’ i i .l jff JaiLJl 
j-» Jl>J0 E cos 0 <^5jll jjj < JUJI jk JaiLJl »jJJU jij $I Jl»LU y-Jl'j 
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(^l^ll J-«JI 

k JL>mJI <A«; Hjt l-uLuj t^-aJl »Xh ji iiu>j , jUiJb LfJ w~lw ^1 itti 
: jA (->) *j*Jl ^ US JUJI j* ojiUll Saji jl ^ Uli 
/trumJtUd = /bcid«ot COB® 0 (24-8) 



j-i L^JUaIwI jujj"jl^jJI I iUL* ^jj aj.'.v'i.iJ I ^ 5 jLuJJ LulllI cjUuikdl j*j 
-_u—j Ljjjj i >y>\\ jlil i^auJ ijjU IfJI yul> JJj i oljliuJI JM1 
«lLL J_W . IjLfeJI jn-j J . * ■ ■'' e 4—j* j 4 j fig^L jUjJl jjLxj JjLi .?,n>j 
l» k ii ‘ ‘ LpJa-i j4 jj ‘^-sJl ui * jr*y* * i> djlWI 

jjJw fyfc Jj—1U(j oUil ^Lutl» ^Ul T. LJ I ^j(jj ftUkoi ji li>j> 
y j-uJl oy-'jW C 4 -* ^ Uaii-Ji oljOsJi ( <Uju dUjJj LSU) 

, ijUil! Ibik olai j^Ji 

^UJl ^kJl J*- lya JI Jsy- 4ylj ^JLt ^j^Sjuil »j^JI ylLiiSJ <*jJ 
(Oh) ijjlj ^^4-J 4-ol> iiji>lj Jo«iu iylj , <uSUJI cjlll jLilil JjUij 
U.UX li» . Oil I ji <SU Aj— y It K jj l .Ji j i^n'il I <-uuJ! LyS ^uu JL! 
jmu 24-24 JiLiJlj . ri a—J * Jib j-tfull oLxil yi* ^^SjuII tyjjl sbtjl 

tlj^Jl Cw J- 0 ^ >i*Jl iil> Jt Jiiyi li» 



:24-24 Jii 

' M- 

>» | j* j* u^Siif! <kJ g. %a\ 
4 J-iB ^ ylklij (y) . ^Uj £ >! 

*-wU k i ji j* uJktii iu* 
tan Ob = »»i/«s • Ob j*-j^ 

J — 1 _ L.J ■7. 

Jtjuli Vm JS i t ju&uhj 
f >i!l ji jjjfSS 

• C# 


ft) 


(v) 


j|_j_ll ^Jx Ob jLkI <jJu& Lj _U u)j-*4uJ« Jj—.» 3-jiO ji juku) 
jl i>j i (vy) 24-24 J£All J[ pj>_JL v 4j iV>,.Ji 


m sin Ob- mm Oa 

lj[ oJ^UJl ojjk j_« JjS>X'l JjJx ) olittll y'—> olLlJsui! jiuu JUxL/ji 

: jl x>ji . ( iLJ O jL jii lyjl li 
«i sin 0« = ni sin (90 - Oh) ■ m cos Oh 

‘ ^ ^ = {cosfy JjUl JiajUIl 
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r 


(wlyJI 

: « jLijjt »L»**f <UUe JJ 

tan 6h = —^- = n ii = tan" 1 n (24—9) 

n i 

(till J>*aU if-Jb y-lfc ft> jtj k Jl- ur 15 ol M" y* JW' USj 
y-lfll k-yi jL-Sil >Uu y. (24-9) *)M J n jUilj . y4UJl ^LJ\ 
*^ii\ i) 24 24 J_SLa)l yu k>5lj , <-4 itiLu jjJI lwjU 4*4)1* 

yl k*}L US' k 4*-‘)> £• tij'yy ^ UJail-u yySj y-^ull 

, li^ i- JrJ .t. o y-SJl fUill 

24-5 

l^biu* £UA» kiu»o SyJy 4a-, ^ JiiUl *y4l If* y-i4 yil y* ^ 
20 c Lftjljiu Ojly -JL-Jj OjJj -■■» U-L»-t oljlki |jj Jy C*iS Ujj ? UUl 

jfifi I ? »lLjui JJ J-oa-< y ii ^wiH I j~»S Li y 1 ^ ■L4' ^^4*? 

-u4 yp 4^4*41 oLjuJI ji 

jjj .y4kliJVjli,l 

V f U ylfafcJ ^3^ W u : Jl**’ 

li» yii>, a, j , j- ■<■(! «jJJl ol*ol £• lo«Ul« y-S4il *yfl)l «l*3l oi • 4#W^ 

• * M W * Vj ( 3( ‘>^ )l J**- M 1 

9 . • ji-jy * *ylj >4*3 J*- '■ 

j-*j . n = nilni i ft» = tan 1 n J 24-9 ibUll ^ 4*1*?' 

, (tl^J)ni = 1.0 j (»UD)n^ = 1.33 yi o4 23-2 
V 1 .L;~: .1 1 3j ,..*.1 1 oljUauJl UjliU *u-u y)l SilJI y-«S L ■ ^3“* 

i yU&U'i! Jji-i j^* 51 J}** & ’jj ; 

t <:^L jiP oljiyi ji kiu>j . ( 24 8 4ljUI y*) C08 2 »ji jilill *yjl y-S jli 
, «yiJ! jlii £±*i J>I J*U ji J J*yi y jU^ 1 
? yrljJI £» 20° Uyljij Lily y-ljJI yJ OJ 0 j\JM U ! JI)-» 
y,ij .JjSi Liji: Lj-ilj jliUI j>>M afii oljUaiJI ^i-ai ; <Ul>Vl 

e = 70“ ^ y* ; . Ci»i v^-^i ^ • • j-l ^ ^ 

^ kill* il^Jl cW ^*3 ’ J*)' 

Ob - tan' 1 1.33 = 53.1° 

i Lf jjJI vJai-4i *y-4l ySj ^ ^l 1 ^ 1 #i * y'/^ 3 

|A oLjJkJI Jx> 0* 

baag&d = cos 2 70“ = 0.117 = 11.7% 

J incident 
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( JjrfAlIj J>buJI : oU_yjl ) jjjijJlj J-jul’I 


j-« * *-1111 50 J» till jt ^jliJlj l*iS yk&L<ll »yoJl ojui jl Ljji <Ja>}Ul jiA> 
jju ■*■ hvN jJ .‘I lult 4 iliii ,,i> oljLkj ojjjjl Ijli . till ^Lc liLJl t^jJl gj*1 

. 11m> l^I ui ..** tjjJl j|£ jlj y> i dLr[y Joxi IiJoP dyyP Jl jjUl ‘yiJl oA 

jV J^liUJIi . ojjultj tjJUJl olLdaiJl w u> j^jaJI ^ t^jjl yllaiiJ ^Jl> 0 Lj 
. ji jli t i .4< jy |U Ijj I yii I y^ujjjSLJl 0 ->J r-ej 

IfJjji* y »jti< ul. i >j jl j£*i : cSjUII *_jJJI y i^liuU ji yJl ‘lj>^li 

j-Juj ^ yil JyoliJt jli j*j . jiUll i^-ail yllaii U yc 

iJULl y- a—L sjJuPji l4-jijj Jf«J' j*j l> wj jlSl ^aJ ; 4j*w ujy 

ty-sJl yUaii-J JyL *4 jljjJ Jj IJU JjI jlf>')'l 11* jli ; £tjj» jlf»[ C»xl 
jjjk; • 4 il>'in oLlf>j _ojIj ojO *ilyl y*>JI jli dUU o-yjj . iiUIi 
. 24-25 J_Suill y US yi*j yUu j# U UjUu ityi jjo«l*i* jjJiiLu j *> 
j U.-.NI ^L> j_ujl jlfja-^jl jylL Liilj jlSl &jdSl jjSj Uyy 

24-25 JSuJJl y yJl Jl* ilui* ^L*>S dLi-^Ul j-* iuy-all riUlll 

jji jj’ll ll*i . tij|jly>'ll y •uioi y# iijj yL>JI LI** <Jli 
. o15U 4jUlkll t|^>Sl yo-sul 4*~ult 4 j***)II j* 


:5M-25 JU 

* aiil_iL'io yb aijji yaji jfLi 
j—i*> j_^ L-* UjUu iiyi 

jybu^ j_^ {Ajj L.*jt 

Jj-*j aAi • j* ( j^A^i* ) 

jj£<v ji*,u Jsl %v> 
• ^ ^j 4> 



( jjuji jui 


: y« ijjl* jjii ji y>j J^Ul II* Jj j^l 

« ciulyll oL>yi ( j ) > l. 1 tkll L_> y LjyJII Ojj |«Jj (_}■) ( jj—iju* (y) 1 Jj_£>Jl ( I ) JivJo jl 1 

t ( jijitJl) ojjlxJI Vjljjl ( £) « Jjipjl (j ) 1 ylill Jj-Jl jLil jy» (j ) t jjy olil> (_*) 

• ^ Vl'j (^) 

. 0 ylb J1«J 1 4yl* ol>_)* »_4-oj jl 2 

yj* (y) j t *1*^ jSul^ ( I ) jiUllu-i iDli” Ijj j*lJjUl* j**^y r^>y jt 3 

j^u jl y <-yJi r> -yi ya>d-.i jij, Lfji j^iy* ^ Jj-»*Ji yi iJjSj ^ u' 4 

: ii^Ull i>-»ji k jUic^l y p-jJl i>lj , alllil LLJI tlL Jiyj yl* Jid^ J>ljill U^lSl*,. j*i*yJl 

. 4‘j-Ali ojyJl yiy luJl nA = rf sin ft, 
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( Jibill : i*jll oL^ull) {u\J\ J-ill 


oLLJ! ,> L ojfi IjJ X jjuu ^ y» j* J>ljill Lu paxi -j 5 

. n JjIaj jjL i L jjljij /l i i l jyilil' j^suJl jLli ou*>j gl 6 
xit jySj oi^Jl o* jj L r**-^ j&! <j*j y 3fij ‘L»£ J>bj ^ J^axII LLS J 7 

, l+J <Va 4 <fO»j 4 jjLj Ljj» g£ L*i g,ji-i^l Ji*- i_w»o gl , gijjl t ye 

. JLUl i>y*» j* i»*J ^jw^l jy»JI g*LiJ j**>JI pL*U Lij' ^jtu gi ft 
U JJ jtfL> Jii< o&lj jlj Ijlv <i±4 oJAll aat . - . 1 « > IjJ <L>oi jt jiH iuj*l L> ^JuoJ jt 9 
, Jj-aliill ijhftlA* JLe UijjJu ji gjubil Ijj» v^i rj*3 yl . X j* OOUUl ^jIL Ljk 
iyLJl OjL j L « A l! JjLu Cuk IjJ . Liu > J n 4 i -l«t g-Suiil fLj ^LiJJ IfjLl g* ^jjl is^JLjl iylj yu»X> jl 10 

. jLSfll SjLj 

1 ( . W ■U-JL 6 <i)\j{ U^J* jliill lj*>a J mj k-iUa&u-l jt£ jUulL <J r y~Jl v^jJl SJui j«S gl 11 


u-xxia 

: <u*/Ll jjLwj olLjju 

wlai jj*-L Li Ait L-*a 1 i Jj _ i> J l y, yi ij , iljj L ^jjl <ukiil Jl J^uJ oLkjll ^.i fr’ i ' i L>L A aA«j ^jjl jjAUall yt 

^yi jyjj VJ iii jiwi 

jx> ua Ijlu 


. ojl»x> oL>y jj-oLi j*c i»yi *4 jl> ^ >lLa 3 js j*j 

>ijaH 


JjIjuu wi^U>l Lj ij.ij jljJJLu jli>_jj A>y LjoPj 6maj jLjj jlS» ji jisl jl o£>y» oL* ujS'jJ J>ljill uua,| 
. t'du J5uij gLuAj I«^_|"|||.J j J ^kll g ii Slti jli>yi oils" IjJ U . Lou Ifjuu ^jL_JI gli J>yjl Ji ±>yt ^J-oj 


( py. 

u ijJL>yi _y_j oA\ »La M>|jj jli J^xll jS oLv^i gli^ V ol>^*iJ ^JjXAt gia d LjljL oLu J~si» LjuL 

: i!jLiL yuu tL»ol 

sin dm - ^ 
a 


aLjai ^ gajJ«all ^jj 4 * 31^1 n li ii 'J l jLkL . gagiull g^J ijLJI u Lit t L jj ^ J*>J ^ 

, *L*yi JiljjJl Xmj m <uj . rt*-° jl m j 
UjLil Jit>j Lijj -Lt flOfJI J>ljjJl 

sin 0m = {m + ^) X 


^ilill jj-aJI jLli jy? 


: jt jltju Lopi ^iLii g jAj jL« 4 Jy> n UjL«5jI JaLm 3jL j* L jyjJ 
L.i|ii. = nL 
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( JjjjJlj jVl Jl J*vJl 

. £iyUl j* Lopt. ijlji* -ilu ji »Jlj£j will o» L dLJI J ol*jll jjtf jJi ji ^ 

j_» yUL* L-Skill L>jll jLi n 2 > ni »,L£l J*Lu k-j ikJ* «i ojLSjl J*U» k-j y j4SJ5 ,^3 '-Ip 
. ; ^L1I i_j}U>l (i' "i ^ISlIi'l jli ni < n\ jl£ lj[* LaLJl LvuD v-UV 'jj-* ‘-Lw •/& jjkll j* «J^' 

jjjl ) jjjyi ^!U< duJIj rkJl !> lT *^ 1 uji ‘ li-Jy *! 1 i»_jiJI iJU ji 

: LJli!l 3 jlpU 1I Loi> ( n «jL5j> JmIjmj l. &*-> 
il l jLil j v-Sj L®juu» twuj !‘ii.n« L&J jli ^151*511 Ip jjkJI ^ lWi»i y j>I jkj y IjJ. 

L*jll JljtSl j* Ijjp *11*11 jt* *k> 
j^l jUil ^ '-Ip \^» £15*31 jlj ^liu’lll Ip j^bJI j ItttM ( Wk jl) 0*^1 «■! ^ IjJ» 

, L^.j]l JljWl kjLui o* l*jji Ijjp J_jk« mp LUij <3** 

iiUJl t> jJl J_>Lfy yi^l 0* b* S-yiJIj M 1 ( £k jW* j -* 6* j>~ uj^ 

; *Jj1a1 UjjJl oi» ( vaiO jl Ji i >. i-^jj Ojj OJJJK* l^j} .UP *£ j£-J '"^ J* 

™ 9 «=f 

. j# jpUJI y d 

dj jii« () Ji j* 

: iJjUiU JjSl Li Jl j* j^f> kL ^3 JjSl LujJI LJIL&lt 0" i ^r 3jl Qf ^J'j 51 ^ 

sin Of = t- 
b 

. 4jkiill ji /) ^l4> 

jy^ji (Ji) jiW' > 

L_JL j-fjiJk jl JniUiD jjl+iJ* jjJi j» 'o& j* J >P ■*“" j* V ,aJ *** 

; iJjUlb Jl»JI 11* ^kMj . jirftij oij±** ;*■*' 

sin 0 ( = 122“ 

Oaijl jj»i j* D kiu» 

( Ob jL> 3 j ^jlj ) jj> jP vlfcB-Vl 

. 90° J^iil ^USJlj ^UAll j H Ljlj)' jjli U1P J-li J> J* > ^ ‘J-^ 1 

: aJjLJL ^Lu'j i Ob ■• JL,^ Ljlj Jijil <U IjtUll J»yUI 3ylj j*Jj 

Ob = tan 1 n 

iviSl 4k LLi jjjl k-jl) L-kJk k-y 1 J*kf n >V 
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( >IXJI : iff-jll oby»J) |jJ| j^aiJI 


Oilw>jj 4 JjlJ 

A 24-1 f J-^ 1 ji-J ilUfll (jUpljJl J-.LU 1 

oL>jj pj O-* !)*->#) ( oLjjiil jJy ) y^jjl 

o ji y U . < 1 jU 1 i 3jyyo 

iJKJl jIjJUI ^-U Oj— |jl JW431I 
g ( jliL-W ) jl^iyi J> y kL.U*J IjL ? Afi 

24-i P ju 

j-» j-£»S 0* J-» • « i>lSj . . oljM p^i jili Jjy J l-X*. J] Lm» jlSjl*- Jflfc a 

? jO^* J*< ^ 0 ^^ J> y ^ju»j IjU Y oyJl Jjj.au j* J>Ij 3U oijjilj o! 

4j__JL (syUiJI) !i» Jl» "!l y . Ayy jJ~*» i > jjbe ->yfj ry»y ^lyysB JJ> ofik U 

Y OJ 4 V jjiu j* jjLtf OyfiJ 

Jj-kJl j-* Jii j*u4ll ^l^l)t jfit 1*4* ; Qy, j«i oyj y JibJ oLjl» jle J-svaJ ji jlS IjU 4 

9 iaUi 

jj-flii Jjiu y£\j LjJko-u Oyoli <U_iilL gjjj gJJj* J* Ay>j J&*l 5 

( 3jj ) *y* • ' ■‘ i * 1 . 1 ijy-> y yjjJiij* LmJl»CuoI Lit ^yjl 4 o>m Jt«lsl DJLC j* tyo j^uu 6 

Jx-w jaLD jl jJuj J_» . . i-ullil 4 _>oiJl yt& A = 546 nm ( j4>l ) yy j*i*4Ul jo>] y* A = 436 nm 

y JiUJi J* >ijj 

L»j f —I! y jj*>j £h ^ «Ul d*5lj jlfxll j aa> Ujup J-JI j* ifjJI j^AjJI yt l» 7 

? i'JLL; AwJlAjtj ^yi 4jy^l ji>Jl ( ^JU 0J jlyu olil* 4 Jj»3 y JJkLLj jjjl jjiwj! y 
J^S'I £y! jj yiiil LSlyj tLixJI y ^5 l>JI Ujl^j 4^-Lyj *5lp jIp lilj>i itjj yiii y_y 8 
iyUiJl ei* , *Lii)l wLaw jlj U1S i oJs~< j..S,m1I 

La»*c yLfri 1 V-^i j rj> tr>* j^l <■ 6 * Ji*j »Li^ yt-U-j ji A- ^ 9 

? J^l <4^ 

L,o^ Ji-io; oLj_a 24-2 ^ JiLill jyw 10 
Ly«a; <iyU« 4s—»! jlfi 4_f>L^j 
4-iyu U j-S’jl , { frlyi—»Vl 4ul y-jj ) 

Ua jji<il>'l.jil l ^ T u > jyJI 4— j£ 

JJ Luu^l jj (jiui L tf| ( (jji-i ) (IhUA^ ji y>_yl 11 
1 y J P* ' 4 -ij* i j-* cwy-"^ 1 ck*^ 1 
. ij^OjjLsSl j j 1 v' i l l jj J£ J! 

. ijjj 1 —X) ol j ol>i) ^Jji Jll» j1m 0 siuSy 

Jj'jJlj oLaaiJl j;U 4luu 0 L 4 jj> 4jl Jx»y JJj 
Y sylLJI o4 
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( JkljuJI : obj^uJl) jjyojtj 

jLj o> *lie J>W kJ jj jkjjUJ iji ' i * ii.a« (^ja oh oLJl y j/^ 1 v£i • jy* 11 ^ 

AM 5jU jLSjI J*bw n j ^jioJll tj-oU j*Jl Jjl»JI ja A viy> <. A/2n ti 
tw >I ? j^Vii ‘j-iJ' <> (3jji *yi fJkuJ lj[ J-**' yjS-jj^l Jo* 5 0J& O' 0* J* 13 
? U^pJl Juki! k>k» o>S ^1 JjkJI J <«uki»J Ju* * <3fljS ■>>*> jj}x» o^i ikl 14 
j Juj ( LjjAoII »oj> j-i uAJU* o^SJjj5ull UiM/i y^ ) »yb 1** ^k-*l> ^l>j)l j» oi**ijZ kiil 15 

oi AJ**-* J-kljJJI k_J Uj ( jv f kLJ ) Lu c**kJI jUl! jo* »>kll JkW ,> jji3 c»l JjU fi iw* 

. ( Uli A*jU* Lw C*tl>yySJl k*-s k s*Lbj iijP 

ixj ij[ JaL>uI ji Ojli 5jU- J-V ■fySj ^3 i jo>JI JuWI 3* Jj* o^! 0 6 j-^ 1 J * pjl ^ °-^ 1 ^ 16 * 9 

f LfJuy jf- JjijJI ji jL-L 1 !! IaULu 

■ <dtl i .‘1 ;s., j_» 9 , jj Ajk ki_u bile ylkiu.1 ^ UjuJ h jlJl iA^ill «lkU Jill U 17 

V uJk£L^I r J JJu-b jJxu iil j 

i .Lai .■ I .iv l '-j j, ~ f j%. j* JULu OulS IjJ Uj ? ^ ^1 okUiU *^>i»Jl A*j> Cu>£ lij Lj JU>j jjl UJ JJ 18 

V Lklu** y£ Jjkfy 

JjL< 

24-2 j 24-1 jUJI 

Ojljuu J^y J>k oljj jjoil J-! iiil* oL>y JL Jj oL‘Ia>^I J-»i ikL jJ jkk j^uUU jk>^ 0*^ f?i 1 

.tflAll o« b-y Jjb ^ skuu = 

9 Uja •Jb-ljj (v) j ^ kkLti (i) Jitf* o' l»J^ JAliJJ o5l«j jJ-bII ll(J X J5XI ^ o'Jlj>! ^ Jjl J* li 
Jj_yu Jjk cilj oLf-^* u^Ly.} J-?^! *kiu ale ^UL U^LII AJLil ^ Oij- 1 *^' u 1 2 

kii ale »J iklj! k>%! j»U11 $ * x jSIj^SJ AjJLJI ^1 «l>u! j «k#j jOa. baiej . jjUl 
f ^1 J^l f U . 20 cm y kiiJI 4lb j» 0";J^ 0^ On 11 3^ ^ 5jm:u 

ikajl jt 16 km i*n (jiJlj ) Jy* Jbil-I jlf^* fjk) ■ 320 m ^^1 ol>y iuebl *k>»* ^ 3 
jail (fcjUl jlUJl U UoJI ^ jJW oA>!l •*>'; • 0A> 0<> ^ 

jifj^Jij J-^fJi 0i-» l* 1 — j-JjI • W* ‘Jj* 11 ‘bi ^ ^ ^ ^ 

. j^l ^ j* ^\s*1\ ^ J&l . jLpJI ke r ltf >laJ ***** ^ ( ^ J, J JI ) 

. 20 cm ^->^1 L*-Jy» oljj-y jii«j jUl u-* 1 J ^ 0>j^ O^ 1 ^* ^y* 24 ^ 1 f ^ iJI ^ 4 

^ 0 ^ on jW 3j jlji* U . AB kxll Jk ^1p Jl^Ul jW> ^ ^ ^'J lT-*^ 1 ■ uJI 

v 0 yi\ye 0 >! jp itflj J>b {'r') j 0 mJI>> a>i ak: uf Jjl (I) 

A Ikilll j_le jaLJ iM%!j . ^1 J <*iu oUm 24-1 f Jill! jlkJl O^* 1 ^ 1 ^ ***« 5 1 

kJJI ^ 30° LajIou 5-ylj A <k*jJU OijJ-kll cw <iLII J-»2J j* k> Jos. Uak; ^ °r" ki 'J J> 
cJUfjf, c^JJI ^^11 JjiJt yk L*i t d = 30 cm Oij-^ 1 OH 0* J**!' 

. d«Dj j^IVo^-JI 

. * Jjxjl J* j'S’l l»Aa>i yb 60 cm ^1 tfJjk ol>^ j^ 1 j* 0^ ^ b^ 2* 61 
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(: L»$ll oUj4*ll) ^IjJI j*i)l 

JU»^|I oj-Jl jpJ ,>jjJua1I ^ x jj*jJI ^jJU Jai oi jJp ^JiJI Je x = 6.0 m . x = 0 .Ji* jljXall ^ 

? Li ^ji ale («_>) «4j Oo9 jit (I) 

U«j>1 j-*j oL*jj j"L-iji) ;jDl jli£< art; j*iM LajjJ_ j j^ULu ( _ f SL , )l ol>ji Ijoai y+i 7 ■ 
( ji-Jlj ) jL^> L>j , 4.0 km Ujljiu LLi x jy** Jt ^juaII oh . x jyJI Jjk ^1* ji^ll 
jj xJl j« Uju ^jjXAtll LtLLLl oljjjlJl ojl^j cuij . jijjudll j>l ■> 2.5 km L^LL iiLu ^JLc L^lu 
1$ ‘♦ i i * J| J-a> j^-> JJji'l jl^JL ^hillII i,»S'l.,i*>l!l oL>jj 1I Liijil ij_l)l ji Jk>y^ . oiJi jJu 

9 I^jJI sjlmJI LL ilfi oL>^JJ J4JI a 4 . o, *>i lj* jjLJI taxi pj LijJi 

24-3 j^iJI 

jjSl LjJJ j-JmJI ji ju>y > *J}J gjjjil JJJI Lj»j J* 436 nm 4}J» j^Jl JjL>I *y£ fjL*iJ 6 
l* ifjjl j^saJI Ci^-'l Li* a-i>J ^ill ^j> L« (u)V jj'i>’i«ll oh jlpLuJ) y L (i) 3.2 A L* ij jO 
L* ( I ) . 600 nm *a |». t *». ~ i.4l t^ilJ ^>yi JjkJij ; 0.10 mm jM w*jJ jJJl Lj»J ^ jiuLUl j" LLJl 9 

f Criulxl! <wjJJ 1-uaJli (u) V ajJUJI \m JU 0 .4>a. , I <joa!I Li* a ±>z ^jJi L«ljJl 

u . 0.5 mm L*.LIu iiL^ lfL> J-aii ,y)l 4Lw»J! ol>oiJI ji ^s- 550 nm jj&i tyi lai-u 10 

? LulUl Lu 4 ! j^LajI •uaiJi IajIc JjLju ^1 Ljljil jt 

\d - 6.0 m jl5 Old , 60 cm j4J* ji <i«ju ol>y 24-1 1 > JlLJi oUmII o wJi Ijj^u awto 11 

^ Jj^l Lu jil LuJ 1 J-iai!l ^k-r) j Jj*5l iij^il ^xoaJI <UoaJI ( I ) jj£> 0 O* J 4^ -^y ^L4 D ~ 30 III 

j>jil J^sJlj . 1.2 m «_• Jilxllj j,ij>JiJI j# iiLilj 0.2 cm JJJI J* i>a a^LuJi 12 

jjjL> ^pk LujJl jiallI (»yj) , ^JaiJl Mill ( I ) j* iIjMj Jji *i\y jo> . 480 nm yt ji 1 »> i all ^le ULJI i-j-oJJ 
. <jjjjSjJll 4j^iJl AjJl^J' My <U»a3L 4 j\ 5 JI ^JiuJl 

■jl£ lj] JiLaJl^ jxiiJl •oy» oLaII j_a L« , 0.4 mm SiLn Lf' »») jjLi 460 nm ^^1* 4ji> *ya Li-u 13 
^ 3.6 mm a <LU)lj JjSl t jJ-Jill 1 j^afjl j*> oplflll 

ojLfJI o-i- 6.5 mm juui *_*31111 Lii^U ^J^aJi <uJ0l ojl5 Ijl ^jjjl jJjl Ljj»J jaAll oy jeluil ^JL> ^ 14 

. 550 nm »i >1 ,■ 11 ivJJU ^>Ji J JJit 2.0 m JJJI JJ Jil>Jl jj oLJI ? 4 jj 5 jll 4 ^ J JI 
1.00 J>Ij4J jaLOI |»JUl jh . rjjjil JJJl ^ jrfi»4i)l JL 434 nm 4^9 jjji ri-o 15 ■ 
*o^o y*»i Ly-a j>j-»J —<1 01 oulull ^ iknJl jn acLiJI LLu /S . j| ' i >*J ll jp 1.0 m jiAJk; Jil> Ji* mm 

? ji*>aiJl 3 iIa']I 656 nm j>yi 

Lijlj xJ> kiixjj JjSl jJmJI <^l jli * ^ = 436 nm) jJ}!! tya ^liiJLil jJp 16 ■ 

aj_*u 4 _aSUJI <uijil -uaJI jli «-^iJI lifi 'N j^ai Jlj^jUl jJpj 4.0 x 10 4 rad. UjIjL 

? iyel\ 0* Xiry J4»ll jl»Li ji J } (y) ? ^ilSJl jJ-aII ^J ^>11 JjkJl y U (i) . 6.0 X 10 ' 4 rad. mc 
0.3 mm isLa UfJLaii oUJill j» ^3 JL 700 nm J] 400 nm j* JljbSl J>*i yJwi J»L* 17 ■ 
jljJ^U JjSl LjJjJI j-i ox-! iiLJil . jjJUoUl jp 1.8 m ^ Jll> ^1 p J>IjiJI jaILjj 

(A = 700 nm) ^1 j (A = 400 nm) 

Liljj Li I jjp . »lll jj <JL*Sli jlfs*JI j*& p 0-30 mm LfJj J-aib y J }*l ji piiv-J 18 ■ 

? 550 nm p ijiU ^>-^il J^kll jlS IjJ < J>ljiU j*ukt j,u*J Jji jfii 
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( JjAdJIj obj-ajJI) jjjiuJlj oKil JaaJI 


24-5 j 24-4 jL-i)l 

jlS Ij) buk'l oi« d*w *Lu 1.3 UjL£jl JaL» ojb jA *x^j loLL Lx*< j>l>j r > 

V L ^lSuw'lll jA «u*j oib Ljmx t» i iij 450 run 

? jL« ,^'LaaI ^wj"i o^y^i ,f 180 uni ^^ill <y jl£ Ijj 19 aJLJ lI oj^Sill <juUi L*w ^a b 20 
‘LuJi j_U 530 nm ,^>>11 Ljk l y> LLy bjiLj . 140 nm Law }jbj ‘liL jjiy j» ^1 yi 21 ■ 
jLu j^JJi oLi 5 ll»l jl jSt : * ul i). (LLi ; L£i JjIm .i»y ( _^lfL'5ll jA jjj! j>j bb3 jiw oli 

. ( n > 1 joJ iijjjl 

J>y\ LLJl ji o>yi JySl jM U . ‘l_^Jb bb3 JsLaa 400 nm Law jjj j*Lj yl jL eL#' ‘>«>LL* 22 
, 1.5 ^LjJl jLSul JaLu ? JJjaaJI (> uwjiJIljjiJl jjjj jL* l» jyi Lf-ISjul j)Lw . ^aa'Si «j*I) 
>1^1 »j-j LJb LL OJ U = 500 nm) j-iiSli (A - 700 nm) j^j^Ji <> ^ jj>L> iplii 23 • 
V l _ r ,l5uw'il 14 a bbiAw *u jjJI l^ikw Li 4 1.40 Arlull jL£l JjL jli' ijli 
^y_aii ^ylwy jUL^I ‘a-LI jl iJ>-j Jjj Ja^»%*JI L*w ji1.26 UjLiul JaLm vjLL' wu}H jA ' " ‘ ^L il 24 1 
«_* »U jLmSuI JaIm V *L«5 Law jjjl aa b ‘Li J& bjy> LLy bL* *J j»LaaI 

. n = 1.33 jl jSjJl »Ul jLiil JjUj ^ij 

olS'I 3 jiL jl xjwj jJj . 1 +xLw jAt ( n — 1.6 ajL£i JaIju ) Law^UI j* **^t VJ** 25 ■ 

. ‘LiJJ jLL- Jii o>ji . 550 nm »^dU ^yil JjUl ^ Uj4p J>ii\ Uo» L* o ^ 3 

. ( ^jLuli ij-blb n -♦ «<* ^1 j*ipl ; £ui?) 

Ojb ‘*-uj C*J4 lxa)I Jl j ^'■j ULcj , UJj l"ljA LL[ 1 ■ »j; bj jo>JLw j^u 26 

Lija Jji (i) j_ii II CwL^I Law y» L j^AyjwJI JL*j| Ja> Lc uLL Loa > 500 nm 

? Lula OAA wJ J (o) j LmU 

jLLuw* C« j ^ 3 Ch^-I 6 -* ( 589 nm 4 jy>) yJ\ <.yi j-iL Ualfi 27 

jLwl i> j_» 5.0 cm jjy jlf yi> 4 -ll 6^)11 Law U (I) . 0.6 cm j . a i i , i »» Oawj* ^ jpI^JI jlj 
OL^ *j_1a» jbL')ll yl jb*cb II LI I iei w) . Lj^*f Aui_u jjuii Lwl^ jaL,; jiiw'jll jl V j ->‘ -*^jL!l 

. iijfJb ^J } 1.4 »jL£il JaL 

LuwIa; > i_ywL ji*w) , l J) bjj^« . 1.56 Ajljia jLil JaUa jjiwJ <L» jIp L>l>j ^></L 28 ■ 
!f Lull I luiyi LifJI Lfi jjiw^ll Law a Li LIoa j£j lLI <iil> jl* 460 nm ^^ll 
jLbJJ> jLp »iwj]l OOU Ljw jy y* L . *L iijj jyj yki OAj Lb ,Jt Ji-ljJI oIja Jfl»j 29 ■ 
. 500 nm j-aiS’l ‘^-oD j^^ll Jy»Ji» 1.4 o^yi jLSJ JaUa jliil \ jw^LoA 
1.64 cm 4 a! 1 * 1 I 3i^UII liLJl JLi J-eJ jLij . j3j*l ofil> rL^ 590 nm ^>^1 *iy jjJl ^Jm»JI ‘L 30 

jwJaII A-o_jll jj S«-*iJ) _jlL» aA La3 ‘lily fj^UI ouIa lj[j (k-») V ^Sjll '4* j l"l^tf-ll ’>^1 jILa b ( i ) . 

, LUm W 1 oj^jll ILL I jl fWl g ? UL 1 I i/Ul iiLU 
j_A O-LwA jL ( OJLXA ^»^lj y*-w ywL> JL>I jl Jl ) <yy»-»A OXM iwj*l UOAkaJI uwLJI Jb_W 31 • 

J?jLw jli LwjD ^ibSl **yi J* tya i»L . 4.0 m wuLaJ 1 li#-l ‘baLill jl>i ^Lx> jl5j i ^1>})I 

ji Li 5,5 mm jj» 30 ^Jj i_J£dl iiDl jo» Jwu ji x*tj . lij^ ‘^LJ J*WI ji< pJj lyJ^A 
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( Jiljull ; 4j>jll 1^1 J^l 

*.' lull) lii j* y t yu il JjkJl jA U , uiti JaoJU A/«Sjil Uuill 

24-6 pJtfl 

jj Ijtf_l Jjlj-ll ^ilj-»o*lll yj* L , jjU^uu« J5 Ji k> 4000 <i J] 680 nrn 32 

V iDUII i*jjjl (kj) j JjSl SjjjJl (I) Ul> 

A-fiX <_ 0 .j a. 1 1 OuUl J*jJ> jjjjKj yfi (A “ 632.8) ijyj - II j\J jj Lyi yJLL tl.y 88 

Y HjJUII <u3jil <uaZJI jjki Aylj oi ox Y asUj jWU U (f) . 19^ UjIjA* Lylj ox J^l 
. 589.592 Dili j 588,995 nm L_*a j+ory »L jj j X-> . L wJ jj jjLuJi jioSl 34 

jjk_t 5000 ,^Jx AaJjJI 6 * uyWl ^ yjkkiJI jji* yjU Jl^LuJI yo>l 

iiiliJl jJI s_iiki o_JL AlLkLl jlpI .’I 

tjJlj (485.8 nm) jjj'lfl k>Jl yt-<>l . _^i»eoJI ji Jk> 6000 ^ 6y*i ■>>*> AijJ 35 

. Lull) I <LjljI i_iiL (y) » JjSl lujjt out ( I) : UL> jy^ii (546.1 mn) ya>Sl 
jle 6y*>i *yt> ^jUJI (589 nm) t>J i^JI JUkJ £jjil yu*»l 36 

jyiJl j t» 5600 

U(y-> <i *Ij 4*1 ox jjju jjjJU aIwU 41.0" 4*jlj ox pi (A = 546 nm) i^UJI j-iVil t»Ji u 1 37 

, (A = 589 nm) iyyJ ^S’lkiJi 

^.ili a j^y>Jl yjj jjx . j*>>>*>i .ill jS ul> 5000 o j»v>j ^ix Ljyx 579 nm *yj tAy 38 ■ 

Y jjlill lyujj j&*i 

ySu (*Lll jj ) LU} ^ U , ‘UU jui i jl\> J>b j i«i »».j l l L> 6000 y ^jl>u-»I 39 t 

? (546.1 nm) ki> ji 

^ji L*. ^UjuLJl k> 4000 o ^ 700 nm J| 400 Jl^'ill jt*i jiyi *yi LiLu 40 ■ 

f jj>JI j» 16 m j*k JiL> Jfi JjS'l VjJI out 

24-8 j 24-7 jU-ill 

:yXM j-i <Jl> ji ( jji\ Ifiji oao ^ 1 j^l OH 5^iyi ) ^A ' 11 ^ ^J 1 ^ 1 o -^ 1 41 

. 590 nm j^ll <Jyt »yi yix Myjj 0.030 cm 

Lfjlj ox jj;i>U jjSl IjJjII ( JjAJI ) lyJI 4 t Sjjii* oJi jlc 436nm ^yil <djk tyi J»L 42 
V 4>j£]I k* Li . JuoJI tui \iy <i I)[L 1.8" UjlXU 

juuu JiU ^ 4 0.2 mm iu^ oJi u* 589 nm <Jjt *yi> ^UJI to jj»^L 43 ■ 
JiUJl jLfi jaLo US o*/- o* l-® m 

jaLHi ^uLJI Ai^I jtSj . 0.060 mm LftjX iiyi yt ^ j\j»\ #J» je ^ tt j p 44 
v jj^IJ J^Ui o> U 4.25 cm yi o-J*J< (> 2,0 m i*jj JiU Ja 
Jil> uaLIi jvjJI Ll, & juMj <LJ> A>Ji y* jjjJUv l ^- 4 40>J LiiS y*- 45 ■ 

f£ . 0.6 nun )* AijSjil AuAt J* JjSll V3JU oi»oM jxUa Jji jtfly J ikUJI jt 1.2 m iw 
V JuajJl J[ j>ij£ jtiiol Ijl Jj'ill ly^O OH UpLyJl 
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(JSljiJI; oU^ull) ^1 J\ J™3i)l 

■up a ivlnill iaj jyL 0.24 cm aIlc jL»j[ ^l>i jli> Ijli . by«j ■LmL'II ^uLoil y>j J>j ^Jxu 46 ■ 

. jl—u] j£ ^'o)l j^oJI y Ijl^J jj>aH J«Wl jl ^yipl ? j_yu)l ^3 I‘Jj ji LfJ jl^U'il jl>L*U jlS lj| 

V a *j i'll 13 jt a> l~ul.il jjJl U . 1.6 m jx^LiJl jM HiLilj 490 nm tyiii ^>yi J^Ul ji Loti jjtU 
oiAyij Jjj ‘ 2.8 m xjuJ ( Jil^- ) A-ili j .If i>^yl 5jw> j^SisJ 3.0 cm Ujlsi i«Kj^ oajaIwI47 • 

LfJjjj j_» xj*j j jJl j__»jJl J 4 I 3 JI y> j^xll (jl iu>juj i-ijmJl ^1 jjicl . Oo^ill j» 10 cm j*j ^ic 
jl£ lj| A>ij«iJI ^jlt jolLu ii j^iLu yji lS^ 1* 490 11 m ^?y> JjJ» 15 pj> 0 Ljl *yii\ jlS . 3 j^aII jijSJ jIa 
V J5UJI jle U»j£Ui ^L> V J51*JI 

,jjlj uLu Jjl Lt , 6.0 m Lsyj o^tli S'^j . Luj«a-JI£j j^uJL J*> xxy jh * Jjjj » y t^—fb 48 ■ 
Jjillj ytfjlll jy oLtfdl jl; |JaJI M ? yjS—Jjl I if; ( Uf.hl»J ) j£*i Ou *> yi}\ ^jax fciki 
. 600 nm j^«jil ‘■yJJ ^>JI JjUl jl yj*\ . 3.8 x 10 K m 

24-9 pJl 

■ 3 \ j 1 Hull j ■— ill ^ft U . Io Cxi U yJ> jljiiu lyjli 1 LyLuiiJ cby! y> i>!j L> Js j li l a ft l ua wjtl ^A > U& 49 
V 50 U UjljJu Ojlj Lfcfiu jli y IftjUj yux jlll iiil' 

A^jljll jA U . Io Cxi ^ye jliiii Ufil* 0 j< » ‘ u j i. ' l ^' * 111 j* yll a fo*^l Ijjx j_)^! 50 

f ~f(i £> n’i-i biilil' oaJI ojli Ijl ji'l 

(jojiiuLL-Jl <La>*j jtJ IjJ jiLDl iyJJl 0 J-i j ju_- fS . h Cxi lyi Lfu ioi 40° UjlJu Cjly jil £ Ut 51 

f (jjjjl y» L*fj Loii-i I ljj>* jli 

■ ■^j’j -» *ya lai-oj . yi. >yai\ lift ULJI I ixl jt iiUL 50 Jyu iil; 52 • 

J_uj jl-i yt-P isUI ‘j-JJi j*i {1 . j-lj >, , .i l»t , ~ i-K ,Jt Io Cxi 

ij-all 5iJ^jl . ^_«j| vlbiiMil s'jjJl oJ a uL u ** yS. iyi Jl j*j . oL^jil ^ j-'ljl* Ja^JI £* 30° UjIjaa 

. dJlill jjJUJl wJaluLJl j» r ;^ 1 

j-jS'l ajkJU ijfeUil i>jLJI <ylj jA U . 1.54 DjLIII JjLu ^ J* j* y* ‘*-e53 

• (^jull »>A« ^ yUtf-*Jl j» 

fj-ill ji ^1 ? »LU ^Jl 4xJI Jip (^iuu; yliuLU'ill j4 jasS^I X»JJ iyill y-tjy Ojlj ^ 1* 54 

. *lil J>lj jAj kxu 

c ((to) j*15ju)Hj yLbii-Ml j-oiSl Jl> 2I jil_jli Liyy-*I^JI O lsf>; Jlii LuJl- y~>)y lylj ji Cyl 55 1 

cot 6h = sin 61 : iiWl ft ^1531 lyilL a^j>!I ^ ^ 

i vLH jj j >UJI jjyJl ^JsuJl j< iyai CyjJL yUuLvl j^)l ijLjl Ojlj y-i>! 56 I 

. 1.52 jA ^IfrjJJ jL&y Jftbw jl Jfitfl . «Ul J>lj j*l>i-“ ji 
? iiiUl i»)*JI jL£il Ojlj jA L . 1.62 UjLSjI JjU* wL< j* **k J* yx^y tyly *y± <Uj> lsLJ 57 « 

<UU JjU 

j_« 200 km jju ^ ^JL j<jlj ikwl^ i 200 m ^>^1 J^Ul oli yiLXJl IpI 5)'I ol*ji Jl^l»l ^ 58 1 
^ 3i>L ^ 1 p obvjll ^iliol; yi j3lillj *k»Jl j* ij-'y ;!-*• l*»A>i j^jt j^ vlDij JLj)l aLm 
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( JiljiN : 4*>yi ^IjJI J«mJI 

xiJj , Jjii—ulj J—yl J—sy k> jIjlu> ^P > jLj)'l jlf>J 4*>Ul jt ( ) Jjii-JI 

f <1>LJI "*Sya y> L 18 s U.liu iul«j tjli y Jui-,11 jjc ol»j*U jlulili jLljp ^S>ljJ Ji>y 

M-aJi J a Lwjj . L^-J u j jPptH ^U*j jifi o£>3i jJU J« 4 >j j>y\ <lp ‘w 560 urn y>-ui <J*i> *w>LLu 59 ■ 
J^JJl jj **—all 4-ii Jnii — i; jjJl LUj ,0*1I u yu y 560 nID y^il «J^Ja (jjJlj CyljJl ixi^JU yli*)! <UjxJJ _JjUil 
i>l (y) '• 1 1 4 -|_I! y J^.Vall <-ya! y>}!' JjkJI O l» ( I ) . 4-ubJl 4 j jJB ^»LlaJ| -Until Jiliilj Jj^ >«h ynp! 

. *ui j i+js oiis y aLii 

2.0 m xjlu Jll> yp J>IjI •Luj jij , «lil y jcwu rjJ'j* iP ^U*i yp 620 nm *lji» l y> 60 ■ 
. JJlxll y* jjJylljJl yjjJ 1 pyi yliuJI u^aJI J| A/tSJI jjImJI <yiJI \t> OUI y U . ol,Jl jij> jJu jt 

V 0.5 mm y ,^^11 ^ IiLil IjJ 

590 am y^pl <lp <LJja oyL ypl j* jijj»L2u» oljuJl y jliuuL jli*^p 61 ■ 

jJp jj»LPj jjj vkjj j^_L>j_pJl iiLil jljj LjJpj . Lyi yc Lyfi jS* 1*4 ( JLI ) 
as.pl ioio j» l jplL : ^uL V JJj op LI I o'iL JjSt .ii'AHl |yui y L» ( I ) L-*-* opL oliL* 

. kUlf yitJ UjuP jei^pJ 1 Cta 3>**U <yi)l> iiLil Jpl (y) , lji«9 yxLao^pJl ju 
dp yLL Js_» ,*_» JjSl OJyi ^ 600 nm 4_i«L a> uail^li > *m *> ^j« r»* Jj» ( I) 62 ■■ 

dlkL-’iL i I '■<■• ^_£| y Ijjj (_*) <■ Jpij t liiu Ji jjlS (jli (y) ? i^ilDl djyi (> 400 nm ^yi 
v . dlj yj Jy5ij uIm j5w y li[j ( j ) Y yu^J oliJyJ y^JL li» J*p 
aliil , JJj y»o jl 10 cm jJS ol>tjui'il . Ajj ■‘■■^' i y yAaj 7sk_/ !JS yJL ~ JI O^UxiJJ 6J I) 

ob-^l 1 A w> j dJj-all ol>pJ ^lijcl \]j**5 JJi oIjJlsaJI ,> yl)t li» jli Aylill yy>l 
V J^aaJI 41 v Ujlji* iy»!^ J js JjSl Ojyi ykc Uli J| JJfj Jill) Ljyfi aUUI 
0.15 mm LfJi f Ify 'usis ^ J5L 4 4.0 m 'yup o-ly tfu yip yull ,> ry «io 64 ■■ 

jpuill oypJl iuJJ <<}5yi yJwJI <*eiJi jijP y U . r yjl jit 633 nm y*yi dyt ^ luui y 

p iSj^ll fJ jJp 
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f uhH <• ojuiillj jLiii'jIlj ^} l3 

( oLkuill) b)^l jMJ j iJjlfW jj* ji* JjS Jib O' 
. ijv-tf j yS> #>#>' 5-iSLii 3j& ^y) • 

J.IJ jJ J>i ^ J 5, 

J-> ^ vo^ 1 fr&J* ^ 

5 »U 5 JI o* jjj J* ^- aL . ’oii'j 4 y-»>i 

fy}i I JjJ^ oli^Jw ^ 3;vf>Sl oi* ^1^1*1 ^ 


l ^uJ| 25-1 

»Uai ^ o ^ 1 Vj* fil J*Hf ^ ^ 25-1 J *’ 451 & 

«£4l Ul o^' J! >ui yJI ^ yj* 11 ^ ‘?** L> ^ ‘ 

±lj ^ Jiuj Oti? J! <uk *Jj£il 5jjJl Jjx« <5^1 ir^ 1 r^ 1 ^ 

y>|jfc Juii J-Sii 0*-*)' J! J-^ 1 ■ £*' ^ 

0 Ulj i*jiJI jLXI ddLL* jS 0^' M J* **J* VA - ® 

ifiliM IfiS i o ^ 1 J ^ l - JI 

LjixiJl jj-^JI (L^OU ijy> j>£ > /IjUl »i*j 

OH WUI Vjlii O^U «JLi ^ JHJ . ^ ^ W 

. oulSl jL* rj 0* fVJj 5-aJI ^ jH' J* ^ W* 
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25-1 

• kj*i j***? 


=25 2 Jfci 

<j'w3a)I yJ»S i-jfc f il l' ll 11 1 V { i ) 
. iifUk JiJtJ lii f Ijj 

(LhuhIJm^^cMjW 

^ <j ij Ijv jV.^" A^yJP f- **- u ^ 

A_J 6 Jjtj ^ <4j^ ijy* lijB 



jl jj“il i cwli Jjji .uJ llJL <->T ( 23 2 aJjUII ) i-jJl UjLu j-i L»Jj 
jts at i cmaU vJJif *jl Hj. i-j*]< a* f-^ 1 vj ^ 1 ^ ■»■# J,J > 

il* yJUxLy ^ J-k o' ■v' 5 * 5 j>^' ot ■ 4*^' j 1 * 

4 -,lSi Aityi jt> ^iijJ) y »3 aj . i^au a-JJ jj^i W> o£< o* - - 

j-» kii UU4 25 j 20 a« yljH! J*-*I f-4- 3 M 0* . a**JI 1*4*1 

yjJUl ^1jjJ! y» la*Jl Jli jju! ^ 5^1 jlj i jLij'il 
ill I 4#4+Jl CiWI jli f* £jt ^3 • •ijj* 51 ^ 

^JUAJJ OkiSl £-u*J J* i-.wJ 1 <^jy ^ M ** 5 i— 

fj,y j&\ .L*il ,J» ojWI a«U *-UL J*4*3JI tj* j-wiy • j**ii lijj* 11 
jjjU LijUJl auJ< at* 0^1 fUl 25 cm 6jll* iiLJJ yji u> 
l*. .a. ) Cj^li Ip SjujuJ' 4jai5J1 a* £)b* ft*"*' 
a#J» a* 25 cm iiU Jt gs jSJI ^jit' Jl ( ^j 1 - O*^ 1 *=»** 


Aiti.*J* pul 4 j>£» Sj>- 



J© 


> L^/j oi>b oyi ii-v &! «iWJ <*o*5' ^ ; > 1 * 11 ^ ^ ^ * 
. **;*.;— I i«jl)l aImu!) jj^JJ jII U* Jlj . bwlj »w 1 iJ-dl J! 
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i_Ji jJk- UjIj Vlli 
4—'J«l. <Ji j i.i l l ( \yxiill | jjyaiii 

'*-&& yk ijk J*yi& JSji urf 

4^^jU| 

. p jJ»S\ d Ail) t wij jJaSi 


( y*»UJI 

3jj-tf jSjj jiJ Lli£ll <ui Uj yi y»Ul j* y*iS jJ>p ,>JI ukLJ *)l» 

J-k li ‘-*» ■ « UwV 1 » jl >&JI j-eis lj* j-uj i LSuuiJl Jf. \i> Jw p_* 
^*->A» J-A--J 4—«5j-Jl fU Xyull f~*>Jl 3jj*j jj£j I pVM > yfi ^1 
kii j^SjxJl jJ* Ojjli jU I r aL LLoIl . (I) 25—U JSuill y US 
<—/i£ UUL yJsJl j»x »3 £-X>ysJ pj^J 0 JJ>d <lyu D±uu <LL> j])j wJjil pL*i 
Jj *}bJl J-u J! Sjj-Jl ydj£ yip ji) 4 ui»JI pUl ijjU 

^jv^aiiajuui 


(>) 



25-3 J&i 

<M «3iU. (M yk AP u< () >1' J & 4*" & <-* (*) 

jiij 4JU^« Kut» jkill J>b (y) . Kfu^aSi <hJ $I <JaLJ jk f >25 Cm y> 
ji Vif j • 26 cm UyMi» iiUi Je. {~± a**,# Uiit j*15 i^iSl <kb lie ijy* 
V ijUl. 25 cm y4 y^i AjVWrtiH ^mJaII y jjjjl Jttf jjij 

jl LjjSjj I jl y-JuJj . . o ^xkaJI LwjkJI oulsj p^JU Jj->i <Ia*j Jli*j 
■L—’AaJI ^_lt yj_Ju IjJj . yj_»Jl 4 __/Ja 1 p_L> 4 _j11u ^i.ni ..i Lj__i. iiu ^ill Djuall 
yxjj SjljajJ! iiaijJl b> olfj^U ji Jj*j p-x>J Oyjjij Oj^y> jjSj yi 4 j>*xju1I 

. «_ii^il li* r-^y. (v) 25-2 (L“)*^ ) yWl fas jjju 

yj_(J!j ( 25-3 J-iiJI) () J* jW' y>j 
pL^ll 3j^«j 'jSy Lr i) Ijj&i L*J i-XAXo £*a» yl Lfli*d ^ 
p-J-jJ _Jaill JU> y-» j^Liu yjiJ! yalxiiS'lj , Cubukll Jjjjill <kuJl JyC Ojlv'l 
pL*>S< yyJij ^_1> -OUJVJ LfJ>e JJ o-by pfjiJj Uyjb OJuAJ <iwU 

jdu | jlc p>M> ,«-ij y siu>o ojvjjvysJi iwjxJi y^ Ju'ij . 25 cm i)«*j JJ 

yjyJJ ljuu yLS^Il 4_x.ilI cJaijJl j—b Lijjji; ijj*o j*Sj l^jii . i^aaJI 25 cm 

, yjl JjL oUl 
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( <U_yiJI JjiiJI 

Jyju *5lj Oj y J31 y^ux* ^*h>» jaP j*vl L-iP jli July jjjvI ^jJlu Lupj 
j£jj jk jit u <LjJl oJaj ^ ^Laull Bjjlj <Ujj+JI oiliwJl 

J'i^j . AjjyJaJ' <USJJI ji VvuiaJl OJa/uJI <1»LJ< JoP ,L*>S'I jy> 
A-»jJ}i oljLtu JU/u-wl r-iHj • ■ U i jV i l l jJLc ojjJiJI Ojii ji jx«Jl ji jujop 
0 L 1 JP . 5ipU pL.Sl J[ xlLl'l iifi OjL oLjp J">L> jJiill Js DjjJI 

oL-JjJI fra pjyji fruJ>3~a joju j| Jj . Jiwl J[ JsuJI JaP U«Ai 
ijjii oLwJuJ* :1» ojLJl ijlfcu jp ji a jjii 

. Ajjji y Ak-ju jl Sjaaj o’iLa |*L«>I jLw[ jli Ax/i 


25-1 

75 cm ±ju jAfi Ifj dLuj Ljup oj^yjJI lyy ji jJjJJI Jy^ yL-a* J>j ^JxL*/ 
jl yuipl V OjJ 0‘ljJJ' SjUsj oLmiJmJ y y .lkll jj}Jl JjuJI v 4 li . kil AxuP ji 
Alay# SjUsuJI j# oL«ii 

1 (jitlrtl* J V -Iaj-iI 

V 75 cm iiL** <il«J jjJl L ; JI}-/ 

jjtc |*L*>I j_Lc jbyJl ^ <t_ji ji 4.1 ‘ > j *l aa/JUI aLlJi lyij : ‘Ul>^ll 

. yyl oLa 

v 41*3 4j»j»«.fl~ilI oLjuJl c jill Li ; JI}-/ 
iL-iSL 75 cm ji y/ ill Allii jap A^-ii Ojw jj£ jl oLjmJI ^J> . <Ol>)ll 
jit (JySJl olJ^P *i jjijjpj . oi x P j-» 25 cm aiLa 

. oj^Jl Jj j^SyJl 
? a^jJ jilyJl ojLki oLjlaJ Jj}JI j«X oCLJl si* ii^Lc L : JI}-/ 
ujyi L/jJI aJjLu L^laJJ Ai^UII sit i/L>)fl 
v . sj^JI jlaj y> Uj V ^->JI j*j yt U : JI}-/ 
juuj t a_iaaJI jii ajLuI UIaaI LLIL : ^jL^^II 

. LjaaII ^Ui ji«yi ji yyijJI jIp 75 cm j 25 cm jLiyLw SjyaJi 
? i j p ji JSJ Ujliil y>lJl c/ljb^ll j* Li : JI}-/ 
. I --75 cm JjJj Aiyja: ijyollj p = +25 cm jli IjfJj 1 y»>Jl : ol>)/l 
: ^ U ii,(iyi IL/jjJl iljUi jiiii t JJkSliJlj J>J| 

1 _ 1 , 1 = +2 
f 25cm -75cm 75cm 

f * +37.5 cm 

cjjuij yj oi oLyi d^p. ou>4 l-j_p ji jm ii_» y>yi jj}Ji p*J} 
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V_)3a 1I jj^l JMjJl jji i jjxiAjI ^ jl J*aJL 2 cm if 4i» j >^aill CjLjmJI 
. i = -73 cm j p = +23 cm <L)L»JI ci» . *,wJj . f = +33.6 cm 
4 _^yill 4_Lwull jjt Li 3 . / - 60 cm lljjlLj oLijmJ ^jj^jJl iaJl jli” I j] : jjj*j 
. 43 cm : Sjt>VI . 


25-2 JU* 

V 75 Cm iLjjSJl LfjJa/U SiuJ JjuJI y li 


n^kujViU 

ol_/A«Ji ^_Lc jjJl Lij JLlil Ilk 4ji_ju ^ 5 jjI uuf f w y li : JI^j 

V <i*j 

^iL)■■>'! 3' jJilj ■ ft 4 -uujUI j^uJJ i Juju.'I -UjAjJI j| ' <ljljftVl 

Jj J_buj LaJuPj . ( ^yi* ) Jej jJi <> yU) tfjj . 75 Cm j* JwV »L5*il 
(jjLuull L^lLuL) ole y- lx!I iBjJ L^aiu ijy* pH jl yi oLaaJI jli jm p-j> 
? <Lv jaJI <0jLw J) i j p i> J5J l»jl>Jl ^1 j* L : Jlj* 

, i - -75 cm j p = + ■» : 4jI*)II 
i 2 li.A»l. i ft l lj Jxli 

f « + -75 cm ^ 75 cm 
f -~75 cm { iiji* iujtf ) 


25-2 

^4-5 . o^ptJl jiftJLS jgS x» Jl ( 25-4 JSuiJl ^ ) Jjyaj}\ *)T J4*j 
J.. ' »»4J - jjjJl 4 | S i f ill |tli* |»aij jjljpyji |JLji jit J p_*>J Cj^i? j^Ju 

j^£j ^1 UijIsJt fl^iJI jit <&*> >jy* jySj y.yeti\ <Jl i-J^e jl 
kjj J»y aJjaII J-Lc Lyli. ijy-aW jj-Sij . 4 j^i.iil l 4ii j 4 > OjJuJ jAftJI LriP 

110 = Up : ojliftll <3^U)lv 0 p->Jl I lf* > » 

^ if C'* 1 £*“ ; sjjjja jjUUA J .Li JJU olj C h.»,il i|Jeu_JI I ajliiJl i_,Af jli jaAjI 4jif U li\>« 

U- li_ftj i fjrfftilj Cm OiUJ ^UHI Jlj JJWI JJ 4 _oaJI ijii ; ^i)l J* 0J** ijy bjpi 

jA^^it-jjA^uJ A* . mJIj £w i*Ui Jl* 

J-»jy ikU r^ * , ( _ 

\ >«l-iS »j t yi iJ>A»]| 5Ujj . 6J_>lj jj oLJaU Ij> IjftM Ullw jwJl iJlc Jiy .Bill li jL 

20 x 24 4iftU*«A Iaj! \jA^j oUj^j 5 jL> lj ^—p JslajJJ ji *151 1 1 lljjl IjJ Ljj^o oi* +i*lJ' i>jJ» 
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( ) jjjiJlj jjwISJI J*ull 


jUJl U1U1I oLsj-JI Ui t sjI> 4^al^ j^i>I tUjJI ,j»i> ■■■ • . jUiil 

j_» IfjLi j« |»^L>Jj Kj> JSi i 4>_*-J fL>}U jj«S isliil • roXJ 

UK L>yU IjAaKJI jliu -ui JJau Jill jjjjl j—aS UK jKlI . L« jJuL OjjuJl 

jjlL BjliJ l>jiU JlSy ji j/}I jUll ji vUi>j ■ 

jV_Sj ji K-CkJJL—J <LJU)l jUil oli^ jl* k ^UJl Jn JaiLu ji I^aj! jj wuLm 
Ij^jKJi Jib JJ Ijjv (>j J'ili j* ijiK <&*$ j*i jSJ o^K iua*JI 
jjJI yl> Jsul3 0jJu5Jll L-»JuJl j-« Js^—jS’l fj*Jl jli 23—11 li*lj IK) 

Ijf La*ai jiKl j_iiJ! ij_# tsjl^uj Ov^lj i \yo y» w^Ubal jK Ijj oUiJ-/' j$jj 

jy£j jlj J_j"i jujuui L«iJa)I jS v t-ijj j-S j*—o Jslilil IjAlKJl |> Wjikll jK 

JJ^iii L,.Ja] U>Lulj ij'y j3 »Ux>l j« jioj *ilj . IjJfc 

LwJaJI r-d>**j fj jj <-Jb jiff . CiLjaJI jj jKaj it J*V 

■&J* 

i_ili*j Liiyi olmJSw j^all (Jlj-ki J-*> ^ oLaJl ^ jiI wjrf > / ‘■•‘ k j 
ji tjjjl ifijW ji *iji> j* L-LuJl lift LiU) . j^ill £fjJI j*—’Lf Oi*)l \i* 

y» ^LyjJl jLKjl J*U» jfii ^ illj jitj t JjUl »J}U»b <JUiI ^jJl 
. jA>^fl tjJJl j£ i-JuJl J»b jKi byL jjj^l *yK)li . u^Sl £**>J 
Ijjk uJjulJj LfJuv jP JnisAw JjU U)» Ji-lj jljl^l L Gaj 

jlJbyj i> jjKi ji jrf*j i> Ui o^ii wjUUU jj vKjSj jli s^l 

i4(i 


:25-4 JL& 

o jj *ill il^u2j : *^ ^^ )j^JLil ^iii-4 



Jj Ijfil—i!l «L-Jt fu 

ij_iu JJ—*, Jjj 1» jft *ii>»3 >tAl 
*>jft jjSij • > 

. JLoJti > > 
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( jJI ) jjjiyJlj ^UJI JmmII 

j» *ii ClJ C IfJ Jj 5J| £ljj| ydliJI p ,yj| irfinJI Jfi 

. l-uaJI lift ^4 Utu U i-/i£ j/ljlxl Jj>jud! 


25-3 

ULlku Ltju^j . +55 mm ojIjJu iv <^1 j 

ji 4 —i^nJI jic ^mi *> fti i Lad I pL*i 25 cm o*w *lLu J] !a» xuu jliu 
j_c Ijl^ iujuJl jA^i J*j ? ^AJI yU JjSj4 SjjJl* y> djxJj 
, ( iiLij 4_ .oaJI jLiil lljfuj ) V t>y>j j»i ^LiJl 

i c , iiU *< JVjIujI 

? LjJ ojjJI iL^xj ^ajuu oLdll JjuLy uul : Jly* 

(jj^aJI (iJwy jl) JJ <ujaJI jiiLu jjill jM iiLil dl3 y] : <ul>yi 

• Cw^lli ihHj y> 

f jiijyall o^lft j^iSlI oyiall t C»Ja!I l iiLdl ^jh U ; Jl^w 
.i=f -55 mm ji l//=0 + Hi ^,1* i Audi !L-JL/)-«> ±s 5-jLy-VI 
. 25 cm jl«v 

55 mm 250 mm * i 

<f <ji \^j J pi^ji y.j I^S^>j jkiw iLodl cull Ijl U fijyl Jjx* Jll* Jft : Jiy 
p OL-aiJI Ijl dil yali AAai^ll LjJaJl 3Jjl*j ,)ti i iluU /"^l «iu> ' “Ul^ 
. j^jOIj i Jujli jl 

: j&j jiLiJU «-udl \m oLdl yli 25cm f-*»Jl j*j jdl Lois , SlISLUIj J>Jl 

7 55 mm 250 mm 
i = +70.5 cm 

ju'tf o! jl . j^yJI p**]} V-ill; <i* LoaII y. 70.5 - 55 = 15.5 mm ll* jmjj 
, oi^l «4 lull'll ijt Ijuw 15.5 mm oLu <wjaII ltj>J j* 


ojjSbll iwJ*JI 25-3 


L-ii Jj—X j IfJJ ( 25-5 JSuiJl ) ij/AjJl 3^f>Sl Ja-ui ,> 'ijAll Lf.ldl JUK 

Lfdu£j (^jaiduj . ij^-ouJl {t* JiJ*JI j*) ■ 

. j;U»)l Lj j y*-° 

i 25-6 J-iiJl jj ; Ij| ftjxdil L-jaII J>4^ LiiS 
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( 5j^>^fl ) jjjiuJij k >uu>L>JI JjuJl 



Jd i ij» jjjii i jfid v_L-j«j' ^ AW ) 

^ )Jtfl o-u j | J*Ju Jllj AliaYlj 
j) j>i ifcluul 41 jlic U alii 
1 *»lj_ill i jjL* 4*«J& : ( Ji fcl 
LjuUC . i> niftfl ij*i * ^ ,> . li l^ 

U*» CfcUj 

Jl i jjaai 



<^l jJU . i>*jOI 0-* <~yk Vji' jU US’ jbji <AjJJI j*£ ii^Sail Oj^aJI 
Ijjj , s_j_i yJl <l«ulf j* k-/jii ^Ll>I Js lju> \4yJ* y$ Oj j*p ji*Jl 

yJl IL^UisJI bjjjJt iijLj 25-7 JS.JJI y US 1 ja*3l ^U< i»**j i—U mj 
S i-yJl i> ji ) <U/J* <> k r'«^* £** 0^ >1 y>J 4-ijSj 

jLlcL ,^ljJI pvjbJ 1 i-jUjiJl UaUJI JlU* j^Slu. Pjj-flJI jli ( (iSU 

yu ji*Ji <uj£ 4jjSj yJi j£> JUj ye*. l^ji y« jj^sii ij^d' 

Ltujjl xj£ KAydy f—<^Jl (> OjaS* j> £& yJ> 8j^»Jl yaii y *4^ 
^jLjiuxll p-**JI ,jlS jJ L« Ji&> jtf L4*Ul (J-U J-Ul 8jJ-aJl 808} <^j*3l 
. J^UsJl j* \±> ^SJI dJjJj i ojyJI J^U-e Sj**Ul 
eliiy jl j-i jjJi • ^UJi «i» y jjjSU* yl y-UiJ oU<y> f. 'Wi ■» “ j 
yLS* oi lluii jJj . jJaiJI t-iy* U )*} M = 1/0 y 23-3 ibUib 
^xjJI Uili SySil LuJI >ol 3 yjj . ((I) 23-3 ibUll) -Up U-J 
j_» LtSj, p<i jj-UJ 4__Ajyui <iijjij i-ij«ji (>u oLii y# jIjUJj ; syu* 
j_wi 4_wj*Jl l^Ju^S j-lJ( 6j«— aJI i = -p« jli 25-7 JSiil y 

LrjJ j«X> jjJuPj . <^yj! iiauujl 

1 )-p» 


-fiWWHrR * 1 


(25 1) 


=26-5 Ji-i 

j-ljjjll >i Lii -JA ijUJ 

i~i ui~.it yii \jpisn Vojiv i jj$ & 
V 5 ;.v-all • j* 


, 1 Ip l^SJL ilf- Hi jfi i-»J*li *JjUw U*i-l jij 

JjljJl ji .iSSJt ,y—*j “U*S ^liiourfl ^t. *-* — y UijWI (iyaiij 

±Js> j^*>Jl jjSj Uii£ JSu*5Ui . 25-8 J—S-lJI JJ £>>yu vuj*l> J.yi- U yj 
jJ it </> Ujljl* J^Lii 4i|i (t) 25-8 JS4JI y US i &*}} i^yJI aImJI 

j^_p 4_iJ| jJw pJ ixyJl UsmuII iju Jii oLu y# £t>) loj Ui . Oi^ 1 

; Jtjid jiirfj . (^t lit 4>' Ujlji* Ojlj C>1» Sj#^ 1 


4j-= Jjj}ljtt&ll 


(25-2) 



ijj—jl 0^* ‘ OJ* 3 j* V'j3it ^ 
j** j 3 * y 11 


:25-7 JU 

i jj-Lii) * _-AjI 

^u*J ji iJujSjU 
'<- Uui JI JI J ill 

0 -* Ij8-jS vj*i ^ 

* o— 

J ^ <> li4 J 

t> _jt iijiuJl * jyttil 
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( ) jj/iuJIj JaiJ) 


:25-8 Js*» 

^ J* U 1 S ^ jS jjj 

J—Ip >■—w>J) jjSj Lujp ( i) • %jill 
j_Jp ^Ui .j 2 <utj 3 jli <#/& LAll 
M • ♦ tr-* ( < iV > » (>J ) CH*f 
j—• vjli 

0 —• ^ J 

AJaLil ijp iL t ^jiJI U.jiJI l^u ji jjil 

• z*** UljiO^O^'W 11 

JJ l«li i)l>Jl y JjljJl j^idJ ibUu |J JLc ^ 5 ilj 

: ji 25-8 JSill 

tan (/> - — « tan </>' = — 

Pn Pn 

A-jj ji ^yki _jj Lwli ; Jjiyi *j_» Ji) ^3 ixvj ^ill cwlS Uj 

Jmu Lu . lfJU» jl£» Ujjjl 

: ^LiJ 1 j_iiS~ii l 25-1 HjU'u <t ^ ii.i. SJjLu 
Jy U LJlij , iW^ll tjjijJaJl JuuP rolull Lr ij JJ jbjjj ; JjJ l»S) 

daill! jJui L^jj j« ’jjj A^>jju«il u^a) 1 ^ ij|Lfi"iU JuP <^>UJI jd Sji^aJI 

J» UjLuj j*jS 5 )I £H»i} P = I f 5 i>J P» 

( i^lfj )l U ji ijyal\ 4 ^jj Juft ) M - ( i ) ( 25 - 1 ) 

. <Ui«Jl k—r^JL_<I ^ic ^-uU yk Li jnfill 

ji . 10 cm »i 5 JjjjJ J jjJ Jliu »jU aJmmJI 4 j>jj*jJl jjAil 

. 5 j 2.5 jiy~i 3 j^SJL I L>jaII cja Jo» jli l p« - 25 cm 

J.ualju <Ljjj UJ .j >L_iJ lmJI ail Jli jli i iuli JjIjaJI jli l 
j_* - ol .^Jp . 9 Jj_>JI jJ-lJl oljji jjJl |»A>JI ( 1 / 5 ) u**> J| LjLui J*J 
jj-SJI j—>jD Lfluj . jl^)ll ji i>l - jli**l 

£4 <j| - jaL-JI ^—ill Lulj L*i. Liu* JLLj . LijaU 

■fjjiv: ji^ ^jJI J^lijJl Jljj] i>jJ j 4 J^^>Jl Javj i (Dull 1 >DI oLjaII 
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(v> 


2G 9 

)< "i/j*' 1 ji 4 ^i*»Jl f >41 .11 * 1 

1 j lj. -U 1|" t * li AVl l 





ui5 jl\ u^iwj^alI 25-4 

4_iS lj_D <. 5»jl£1( LwJaJI 9j->y L*i jt-& J! V^p* »i J 3< 

Jj*i! 4__*jjJti . ( 25-9 J fall) p.i> >J I lu Lfju Ji ^yu jjj—» j* i jfij 

L^u« L^m »_<jillj ^ipl p < > «tl h ij&> a Jitii > ■ Oj^e <UaiJ' j*»Jj 

J_v olj) syj 4 aaxi bfi> j' ^ 1 pi 

l y~u) i-ijlDI -UjaJI III . OL*>j oljllJll oj> ^Jjj U UUj . fo oUU ji uaJ 

L-uuJJl ojaJI LfJpS ^1 Io Sj^-all Sjjlii L-op J*£ J*aj AjamJI 

|k—J»Jl p_J j_» r . . wii | I * J I J «U lS;j-yi J-&J A t> Vj^ 4 ^ 5 * > 

Uuull jJji /c 4-JjJjii ijW> jpi> liSjkj . 4 j i i»)l OJaU ■u-JL 

. ^uJJ 4jjyJl 

jXjSuIIj j '-y -■■ I ^LiJI J^SaJl i> 4 Jj1aj (j£ (jjl 

*JjU* £_• jJ n >Jl j .l-lf>‘ Jl Jlj_jIU r-iiTJ M() jljJlj |J jAji-rfj 

■ jlj CoJaJI 

M.-<./*.-fc(^)-]pi 

; 25-1 iJjUlli <3liOL»^ll Uo5l*aJ Mi 4jJuaJI LjJjJi jxSI J -u-JL U 

A/, =l+y- = l+ ,f 

ft ft 

. j^dl) 4^iJl Lfii j*) JjiLJl ji*ll l+J P" 'i , i> 
p J->L> j* M jlSH j-Sillj 

«,«,Af.=(i-l]( 1 ^).^ OH) 
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li—^ Oiji^-o jLj^JI jh/Jl {jifij LaJie Oyyl &l")>i jiJf ^*>^1 wujJli 
Ul (*» 18 cm) f~»> Jyb j-» LUt iu j_jiij »jWI jj w/j_»^ u 

25 on y>J j*)P»=ii 

■ jLfi Jy&J) j£* U jAJ \j£i ji n'i ft j fo jli USj 

Lc^ 4A4 yL* oL-JjJJ 0 .1. 1 a .11 I jyu> i —*M> ji k> ijyiu jjj lift y Jli 

■dxwjl oLwJaII j-t 'ijLJ lyaljL>v-wl j_j J_> N J oIwJAjI jj Cw^OJj ij£j* 
jUiS'l ,j^5ui . oixCj < -uj.i oLjjiS iujk i -^llj 25-9 JSLiJl ji y. 

. yijil oL^-iaU ■UiLiil OjUJI jbySl 25 3 ll.'Uil ji <«jl>JuJI iyjyJ 

25-4 Jil* 

* > M* ll Jk6 Ul t 5 mm iU> ySy SwjjSy Ax u Jjl OJkftU JjyJ 1 Juuil 
lip 230 uim yyJ‘> yyJl yj*JI j# oLil tiulS) t 30 mm tijyJI Uivi 

UJku jjLj ; jUjIaJI jAnil <JJ jill 4 JelLl]I jJl£ <LyLp]| (KyaJl jjfuj jl yyiu 1 jli 

? y>JJ I j^i i aJt y» U ? y>JI 

t JVilu/l 

? jL>Sl SjytfJI ^Liji j# j* U , J'y 

OvJLull JJj Juo j-i-Ii ; |i—yJJ Io 8 ufi '■ *4^ 

. j^Lyji jj ji yu ojaJi <IjIa« jjsjjj. oyi 
? ojaII IbU* ola*£ (> iijj*ll oLftiiJl U : Jljm 

o^uu jj_c < /i) Jpn I_»i fo = + 5 mm jli yi!l ojaII 4i..uIU ■ i^l>V 

Ijj'J jyilj ji y'i) it - 250 min »fa = i30 mm jli y»**JI <L.ja 1I oJi« 
oUJjJI jj* j-*^! U* slLJ ^i p . u#l jJ_j , { yJL it o* j* ^y“ J* 

■ P>‘ 

V 4yyJI OJjJl ysyw IfLji uui! p« UJ o*Uli!:J!^ 
jjj-wjAll j jj d iiLil ji tjy! ji (y) 25-9 Ji-Jl 4*^lyj ' ‘ l ^ii, ! 

Llyll LiJuJl <JjUj jj pn ijyu ryl Ujyly iv infs JjlftAi li*_j \d =p» +M 
V jlw4l oL*J oUyUil j< U iliif j J j £u. Ja> : J'y» 
ililjji *_» i ■*■•-■ -i j_j 25-3 aIjUIU ojjijJ* j^jlill JSj . |k«j ; 

, p n = it- 250 mm jl 
: ^ liuJI i-iJl IUjU* 

1 1 1 - 25 + 3 

p,, 30 mm -250 mm 750 mm 

io = 230 mm - 26.fi mm jl id- 230 mm . p* = 26.8 mm ^ jis 
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( Oj^uli J*mJI 

; LmJmJI iblu* , io - 203 mm 

_L = _1_ 1 = 203-5 

p 0 5 mm 203 mm 1015 mm 

p 0 = 5.13 mm 

; yt jx£A\ jjSy . IaUJI LjaD -iJaijJI j» jjyi SJsJu ali £»Jl Ii*j 

_ hPn_ _ (203 mm)(250 mm) _ 
fof.~ (5 mm)(30 mm) 


25-5 

. lj> oj^uJI sLiSl (3}l> - yjS-ali)l j« ijijitt 

. dUSb jj-SII l*—ijjj jJI p'yj-Vl oiUJl oly£_Jil Je <L 

j_ij£ Jj_*« j_P JJiiw* i* U Ji Sjjlll p^J j£**4} 

jjLw j£ J jLcJl IjjJl j* ^ Li VO'i (1) u’l JJ^J! Vfy »j4* hy* 

OjwJI ^3 JjH»UiJ! j* jSw l» ySi JLj (2) j LbL jj ya j^jSi1 i iiiL> 
i.j.jJl *_*>J .yll IjjLtiil ji iJj^l Sljll ji LjuJi y j* T** f*l) 

jj£i p-*JI JJ yui ji ^ >jye y ■*& f-* o* 

. i-J*JI j* fo iiL» ■>■*£ 

Li i 3j—<IS £jI£-& 4-xui i—at p.i»i-; objS^iJj 

♦Lb ji Juuj . 3--SL obji-J; .y-L LLJI Jjju <*LL bly fLO-J 

i*JL> l*i*> jSL LI Jli . L*b> oLjtf *L i> lj"S j-iij ****■" My 
J_S ZjjL* I II JI IL-Jlj . O* JjJLs* ^LJ Jys jjllJC 'il Ifil US ; jjjJ' 
objiL-JJ dJj jxSi j« j-»« ■ LSU obji-J: u>-JOI iLA*J» objS-Lill 
Lyl/y ^ Jy*y j-Wj jLjJb Jf* Jt Jy ‘r'^S-JL Jj/ll JJi 

y wlS jfSl ji ^ , 6 m j 5 m J» UjlfaSi <**S Uj* l*Jj 
>LJj ^ ji ^ ^ y W» yj 1 m ^ >» ^ ) 

• fo® i/* iu* vl 1 * ■** * 

5—;jjj^ jijSaJ ^jiu-u kiiJL> ; BjiUll oUjS-»Jill 

pS U 3 jU 5^11 ji J& . ^^S-jjS*ll y UIm ILJI jill Sjj^ 1 
r i. jjU\ JLCu-^Jj 

>u“ l+jj jj 4 w j;j- J-s-3 UL^U^ &\»ti\ J 

3jyj> i-eLSll LIjll ji oL—jjJI pyj ^u> i ‘S'ljylS si" 

• V^iJ a-L-*] 5 }f^' ^ 

. J _■ *«~n j_* »^Lj USLOl siibjSLuSsll »lji ^ j^l Upj 


- Jm» - 






( »J 4 > al ) J«mJI 


Lj jl ^J <■ oL-a»Jl jJ A-vi^l oljLtu JaajL-u Lui j* tij\ 
. U^l <LSUII obyLuli! J& UJLo jj£w ^llb j« Jaxu, 
■ /® lijM* !-*■*" £-* v u, l"i 1 L^jujS Cj^sJl ^LuL» y t-x> jj 

Lyl^)l 0»jj ojaJI J#l*3 !j,u!iJI aIL> ^ oi jy jl _ 25-4 J3LiJl j* . U&jj 
. I ~ i tan < f ) ^U!l jii jj^sJl ^>s> jj&t dJjJj j* J£) Aoill <f) 

^j'jJI j» <t> <±e> tan <f> * <p * io = fo i po-» jli iAWl ; jU*U vJly 

.' Oj_j~aJl |^A->tJ aJ.'Iaj jliLil I » Wij lit jj) . i5jjluJl j^iiilJlj Llill 

/ ^ j^aw 




H (!) 

jU) « Jj)Ll» (*) , »JA J f*Z*l J*-fl y*i>i ( I ) 

4 m Ujti £±h jiH <wJi Aji>^ iiil^j. y4jkll -l£ ius>* ji u*u ,j*j Ult 375 Ojs 

. ! jj-tf £li Ait Jlj tiki c«j 

7o = 0.0175 0 (25-4) 

. oLfcjJb I 44 AJ J! (JjiljJl j^jjuJL; 0 jtj j* J^yuJl JjLiu LuiiuJ siu> 

La jail l-jl^Luu ^iJU k AUjj.i l ! A*Jl A>Lu «_* B fj^aJl £&»> UjJ k_wUuJj 

LwSj^ fit JAjJI Kfyt \J Liul B uJUrLuJ LtS i d AjU j i. i lI j-Li t-l 

B-id/foP JJ 

jjj aJLjJI JjjjuuJI J, j l > . j _Lt iil’ilI bjj—iu u kiJ'uJl tlj'ji jLuuj 

: 25-7 aJaUII If^Kv jj}\ jj*>JI j_jj> j+i A^lfJI 

sin 0-0= -is— 

0 

. ^jjaaIL jyluj 0 jli oli>yi jJjj ju-it)U d j A j* J£ oils' IjU 
: J, LS aWUI jaLil ya*SJL* ji\ pLUj 
|J Ijli oil 9jH$ Ojya AjjljoJJ ^.JJl jaJI jiwj 1 

j.t .A.S.H j^jWul O^Suullll jj JUJl U UijU fjvjl jSu 

J5-10 Jiu lAfij ^ liijJiuj tlfj jl jdi j* OjjjS 5j»u» J# J^ol>JI JjjO Lulu} 
ujSu^i UA jij J>J| y Ws4J! j>S b* ( Jo** 11 ) aW^ 1 yt-J 1 I> JS 2 
. 25-9 Ji-JI yi jj^ll 1^1 jij jli« ylc J_j^>Jl ^ 11^ . jui Atulll 

, k-tjSLu.JuJl ilji jj±>5 j J 4 U jkti y> 4julujSJD jaaSUI ^Wi j^Sb I15l»j 
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( Oj^l) jjjiaJlj i>uLiJI JrfiJI 


oil* J }->) j-i ujj ^ -i> l »ll < ..*!$ 25-10 J-5ii)l 

oXjwJl <_waaJI ‘Ijj fa oLu j/ull M ^..i»l <ulii> ijjv-o ij^Su *«'■ » n *11 

^-<jy US 4lu< ^ yiij yil ^jiihlll /(I jjjyJl Jjullt 

f* i-vl* j£ij ■ Fa £4 Djjj-ollj /*V IfJjy JJmJ %iu>w Jyl* J*u 

ju» yajvil cjly) 4^yj&> 3j w j_*SuLi a^aJI jli <il)jjj . fa 'jt jAL j-oJl Cu*»JJ- 
. JjAll Jjy-ail jjjjji <U>jj«J[l j^*jl Jyj . 
satL-OJ 4- uj . v »>< L-Jtfi—>J.1.J JjljJI jM&ll «JjLu jUltl k j )! vkwj 

Ojljll j-_iJ 4jlwJl olfi .Uaji!I |&~»-»Jl IfJjlLj ^01 f/> ijjl Jlj , 25-11 JSuiJl 
; JJ iJJy tdij , 4jiwjl J It Jo ijyaJl LyJjiib ^llt 

tan <f> * (f> ~ 

; iJjUlb ^ojuJ jyjl Uly ^ill </>’ syil! iyljJl Ul 

tan <p *=(p' =y~ 





: t 


: 25-11 Jii 

J—4^1 tytiuA ^jl jli vjM> jfy 


^4 ^uIjLnII ^uU J# 4i Ii ' l l lj 


".-f-S-f 


(25-5) 



VjV'MpK ■) 



jy^SJiH ySV jJj t o j S —J'J l jK*t Jjt jls Jjjj *yaJl Lljll *iilS IjJ 
25~12 J5m)I rwjyj , Lmi'uII <UAjJ| y>o iCL-ly tycJl 4j»yJ 3 JjJ> UjI? 
- m - 



















( Jl ^mUJI Jrfiill 


^_L> 1 r ‘~' J-? i kjii 8 j^>l oLjS.j jiill Jjil ^ 1J “*~ 1 1 * . jjU* ojj> yi Law 

Jj>b ( c^ljSl SjjJL 5U—II ) UUj Cxu^JI iLijjJl Sjjj ju* c* jiiill 
. (1) 25-12 Jiall j LS 

J*w] Jj_» JjS' y^^iJl y+J yUJl J-jjjJI III 

IjUk jj —OJ . y*'_» 4>*J -nL / k ' - F kll uj-iLm *A« k jiui 

/i.i>* L-igS, iil'Jl Js> LjLi ^ul» 31 j 4 ((o) 25-12 Jiill) 

j-i OjliJI LuiSl sljil oj_* jJaiij . iJiSl SjjJI Jl Lfjbi Ajju^II J] wjil 

^/jSLotJl jii Lj^i£ L^ijJy p*ij pi I Oj^jJI JJ IfJj-aj Jyi <w-!l 
. y_jSu«il5)l yiLa J* L£ ijjf J! Jrful y* i*i I* /j M 

«lj_»Sl j_*-xu t ■’ * * ~*-“* jjJl all pxuu pi jj! k Ajlu J l oljll l>Lu pita j' 
(> JJi *lta' jj ’ityayll Oylill aTjJLl jli ; jl^U !u»,lxl 

x->y Jju> i ^Ij^wISl)! ‘ oTj*U L^ljl (—^) 2 o -12 JSiJI r*by 
Ujj JL> w^^llll j^x* J 3 J 3 Jiil*) *^-sJl <i>y Jta <jA»u ijpili »Ijj c 
oju* i->oJ i_Li> j^Luj . JjlLiJl J* lijSy V*J > 
j»y <^oJl jLl « -ulli » kill j 1 <-lu.JJ ■ A *^ 1 J4i li* u* tiy 

olj Ji>J 3}i^ £» o / --.ltll jjLjaiJ' JjUl i> Jfii j* u’l“ 

■ Jy^ Jjy. * 

Ja* itfi jlj i'yi *yall wuf- Bjjillj ( Aj/jll ) 1> ^ ill J*- 1 

l> ^ J>JI j *) 11 > 1 - ji ■ Ix»- »i#S i^l> 

^Jj Lliill :1a ‘LsiUj . |> 6 -UajJI 51^' i> j -* »nL|-» > 

'i'jLf jiLSa <Cu* j Jiw L^iLo 4*xJI 

Ji OiJ'il 'j£yj wLi iiyJ» jlc jjJl . 0^1 |> 

• c5jSjll j^*Jl o* IJa»w -UiSl Jlj i ‘ i ti i i .1 |j jl> . OJ^ jjjfl 1 
:J j 1'J <lil l jl^i^U p*^-‘ ■“ '': ( ^Luuua)I olj ) oljUijJI ji 
Lu . (25-13 JSLJI) j^jbKU oajLJi & i ; U l^i Kl lo> »^LJI 
L»S . ji-ju*Jl JUai—>1 Ojj y (j-kJl jj^wall iJljjJ ** 6^4* 'jj-c 6ji jl A»Li*U 

oJi^ ^1 jA j mi ia l l j,w J^»yi olj^liil J 

. (-) 25-13 JSJI y ^ y US ^KJl JilaJl y-^l ^ ojJI 
J« . .i Jl jlft^ll Jy^u kiu>j Vj.ilI L^jjuJ ^lll oIj^aI)! ja s^^L'Jll IV* JJ*! 
»Lajl y-JLL JLilsO tj4« 5j)—»J aLUI jl» Lllil OoHj . J-JI JJ 

. ^USl^aJ 


25 1 J& 


J I44J jj^JI k jiji\ Ja j-Ij OF UjIjL <ijtj jjfJl JjLL 
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r 


( J-mJI 



(') 


j ; j_Jl j_i£ ,xJ\ ijM> Xd _ja Ij , 16.8 m y> LJL Ja> J+ ■■ ■■ w^LJj 

J«*>J jJ jill j^aJI X4 OolJJ! ejj» jjli f i^ ^ S*a,ji. " Jl Ij^J i-Jj'Jl 

. 60 mm ijljli jji jaj olj L$J y_u& <JI JUaI^L 1 $Jp 

Lijlja ^j-ru Jjj_i Xjy »J*> 25 4 <JjU1I UJmu ! ^SU'u JVjLujI 

; jli JjA all'll *iailaj . <Uyu ILliU 

7 = 0.0175 /& (ji = 0.0175 (16.8 m)(0.5' 1 ) = 0.147 m 
= 14.7 cm 

l l^ulSJJ AjuaJljj 

/ = 0.0175(50 mmXO.5 0 ) = 0.44 mm 
! fJdill j 5 a* 1L UUX» jP ll ilsAiS JJXfc- J*ill jl Jl 


JAi ■ * ( >JJ*H ) 

• J-lj** J-* 

^jUi * ^ f>p)l Jijj 

*— c *»M 

■CaJiU gJJLu ijj*a _} y iusa jjJaJl 

<-> ifid* J> Jl 

a!> ul.jj — Ilii——loll fj lOlll ji >A* 

j- 3 ! V A ^ JJ“ vjM* 

uWj . 4>kill il^li ^ljj . j^jSl 
l+i* Sflji 

; JJ i^H i jj£j| Va*ll ja Ajjlill 
.jlpi ( PU>J» ijjlJ ) 

. ■ ajU.n 
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j^iull jj (^wj^iSjwVI) kJl»WI 25-6 



:25—14 JS^ 

^jt *y ^•> *-^> 

. DUjli« 



•25 15 

a ■■i»n iij»W **4 
i4— <*y& Ail! 

f >—«!' j) ‘ V»H S)—** 


• *-ili*H jjj-M J! ‘.H* 51 J-“* j-» ^3 11 3* 5jl * J* 11 - J"*-* 

1*-J>>j jlL* *y < 141 Cho* , ^ 1 *•> ^ 

J \Ijjdll i<jlj ^UJJI L^j jill <J£JI Atfljll jlk, . i* 

. 25-14 JSAll JD JpJL IfJ >j i J *I ^ 
LjLJI <^j!j ju J-* W J^- 6^ a £ ‘W V 1 -* 

jlj US I ‘jh* gWjll jLiil >Lu jli Uij. £ Wj« j^ 1 Ujj) 

, iLfcV' jjj-i Li <u^j j*^ll Ijl^Jj . iJlj*! 1 

. ^1 J^kll j** jJS jljll jJi-u J *yil\ 'is- r ji 23-9 p—* a!I j UjSj «! 
iyU\ jLSil JiUuj . yJI jj) W. 5 jU! jLSil J*L* ji uy ylij Ibj 

»3_~aJ> j> lju> ,y*i) . ^*>^1 0^ u* O* V***^ j*Uu>' 

oJ»J |j| 1 pj !>j . ^^1 ‘j-iil j* J>L J$ 

• 4iljli Jl IyJ! jli 25-15 Jiill Li i j^ ji o*#' *yi i»j* 
Lui ^ i -L—-«JI 4 _ulij ji 4 j-al> ^ L k-j Sjji* 

Ch 30*5)1 Jy* 31 £• J^ 1 •>'*» **» jA J* **> 

t ■••' ■ , "■' . » r L>j o->L>J' oL* jUli j . 25-1 Jjj*JI Li J! »J- 
XSji Lj DjLijt J«bu j*ilj 4iju>J - 3iy5)l ji k>jJl ^Lj L$j)' 
, ^y\ JuUl jIjCUI fi liUL 3 j« ^U5 


: 25-1 Jj*}JI 

. $jijSjij £i*yo v«jl (ji/iii) jyji m >i»i >s 


A(nm) 

*yii 


culi 

j+a-yyy 

360 

jy 

1.539 

1.705 

— 

434 


1.528 

1.675 

1.467 

486 

j-ix. 3jjl 

1.523 

1.664 

1.463 

589 

j/L?i 

1.517 

1.650 

1.458 

656 

j*>i 

1.514 

1.644 

1.456 


^1*11 .jj o» JU* J# J 6 ^b^ 11 ^ 30*^' ij 
jyj| ^ jiJ 4JjUuwl jiw ^>>j Sji Ji ji *lu>j . 3-eli-JI oli^fcill 
»jL j* 4i*fl! V>yi jli ‘ i> l^ u 1 ’^ 1 tftjU 

Uj> J-i-si lijJI jWb • V>» > ^L-3 L 

(uy-rfjjiio-j ji yujjji^j) illy* j**>. ^ lyy 1 j5)i i*>yi Jiy^i j! y 

jijbSi jakj j«ui >* 25-16 jiAii j r> -yij w> jy^ 1 y J b k11 ) 
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:25—16 Jii 

r j__15 jJe, A i'll] »;)—<» 
iM • if j i/tv.)® 
■jjJa j—» > jk if>V! O 1 * 

sin* \'jj* j\i. Aij ,*y 

• t/jyj® > 


25-17 

«_»Ji JLk> fiii-j Luit 

»J_ft ^ o«J« 

jfiiiw ( uukil jl ) J.M» 
. ^il>>ji]l ij>-Sl ylfi 


( ‘WyvJl oy$>Vl ) i>»*i*JI J^iJ' 



, bjiju l*>y O' 0^' J>y* J-^ 0* 

Sl^Js i )yil i-oSl Lyya# fjIyJlj JjJaJW <1***-^ fJJjH 1 j-*i £*i-“ ) 

( 589 nm y Ij>U lyy i*>y 

UmuII jJ* Ltyoy *-L^ jp J! y~«ll j* y W ‘y^ 1 

LLull ei_A i>P £yjy J*u i>Jill »i* O' ±*>) <«u>JI i-J*U OjjJl 

cajU j_>yll JykJ' O' • Qi'j" j£>—* o* £j^' ‘y^' ot* k)i^' 

1 $ » u > 4_1« <rj-Wj jj—ijll <k«(ly 0^1 i-iy*" j4^ W 4 4*-iSl AA*>' 

j_Jt <iLi J* £& i/y ji £**£ Lyji <*.rtll oyt til* < U» i/Jy 

. UUJI JA-» ji lyuy ^jJ' yjjJJ »;y® ojfi* ^ »ijy" 

OuUUI :jy» yli ; 5^' ijy LlLi )i &I>yy 1 >jJ U*ij U 10! - 

pLiJI jl r >lil jit JuW i>i iii* jit ji)&* 

L. ijj-iu O-xl) i <J 5y_*il o^yil J'^Slj ioiyiJl jjLaII 0* (y 
pUI J-aill) . <u*y Jl_jl»S< Jlj UjJ o* ji^'j i5j^' v^y" j}* 
LiyU J1LII oy-i" *li ) JA>" i^J ■ ( Oj/^ 1 ; 

l\" i , Jj^Ja> jjji jlj , ijLluU tyiJl jJua»S . ( oL>LJI 5»-L«^l Ji« “ i *llj 

J»> ^ Jiw . (i) 25-17 JSLiJl ji r-»y y jU 

j_oL*aJI olji 0-* fy J-SJj . olji j. vi^iil ‘yJI j ^>y ^ 

o'uuoj » oliw ijyil ala jjuaJj . . y*i*Jl «iUj O ^1*^" 

y>yi Jiy>Sl oe->3 Oyli c J)j Ja } . y«* JS 


! % ^ 

1 ; 

\ 

III 




100 

1 

500 

6U0 

1 

700 


X(nm) 


- 972 - 











( ufl Sjf>^l1) jjjioJIj u^LfcJI J-AfiJ' 


J_;JJ>-jy V_i*S i UjySjJi Jj$ >« jJmM Ojb>y J jJl uLjUl ^ -'j>jJ Ifci OjMj 

• 25-2 JL-w 

jAf .'j_fcnJJ <juJb 30" UjljJu cjaiw Jj ‘Ivfjl ^3 Kjjyo i»j> jl ytfjljl 
jjk-U * 1 * JjUl c/lj j>j, j\iII 4j*_^Sll j# OjmlxJI 5j.yjJI l« culi t> L>j ji f«l 
ojjljJl oLiUJl J[ J i S « _ > V 565 nm Jj-Ul ki»li« 434nin 

, 25-1 Jjx»Jl 

1 1>r iLii« J V JLuxi 

; S^Soil 4 aw“}'I eUol Jj— jj J UuLy 

* . , sin 0; 

n Kin ft - Kin ft >1 ft = sm' 1 

3 n 

^_»jll Jj_LU j - ■’■II ■ , nin ft = 0.500 jl iu>j ft = 30 D ; U1S 

; Jl tfjjj L» n. - 1.675 jli ; A = 434 nm 

ft- = sin* 1 j = 17.37° 

: Lm n - 1.644 jli i A = 656 nm j^jll J«1»U 4 j-JU 

ft = Bin- 1 ^ = 17.71° 

1.644 

; UjIau i j )\ j > ^lajll ole jli^iL jjjLII jli i Ij&u 

17.71-17.37 = 0.34° ■ 


jJiuJI kJljA' 

: Js IIjjli j»£ ji i_L>y J^mJI I jj# otfli ij j^l 
> jjSai g£ll (-») i 6AuJl Ufillj u»jill iLull (v) 4 ( Wi** ) jW Jjkj (W>4l) jWl j-«i (i) Jju ji<j 

1 J> ( r ) c ( ) JjWI (j ) * «>* (J ) 1 (iy^b iT 1 ^ 1 (”*) • j^ 1 ( J ) 

. ^jiLDI-kiJI ( J ) ; jjiSJI (iS ) • i ) 

. ‘Jv J5 r/X 0*J ji*N W J 2 

L-.ia5 juJI ji . jJftDl JjJj j-tuH j*ai oLj*J< fAj iJiS jl 3 

^Lm jduiJ LLii'l :juaJI jl iiijjl <> "JS ojif IjJ Ojitu 

L» T u>>.’ij cbj—jJl ijjiill i-ij*5l J*c ji 4 
jL-n jij ^Jl «ijjj ^waJIj <w*iJI Kilj4 j£ v^j^l jif 3 jl 5 
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() jjjiuJIj ^UJI 

ijyel\ JOPoj < Jllt yj5iJLJ LyuJl <<jla3il f*y J 6 
oL^jl ^Ju LfJ ijy) - J mn « 1 l olj _ -ukjul OjUjuJl jj£i JuS jl 7 

, IwaJlj 4_UJ-SJ| ,> JD ^jjfJI JajJI JrfjJ ilS I3| ; ^ yjSLufcj s-Sy yjijjjii* ^uiu Sji ^i 8 

■ jlaJj (ijj#ll oJ»pi 13] ‘ Jijiill ^»j SjjjJI ^> yw*»2 ji 9 

ulx*i-J fSj J_»5j . 0>jil Jl^J»Sl J«axj ^ Ji^S JutfUj . l^k> bLfl? jfcJuil jj JLLlI jjii Ja$ ^ Ju ji 10 

. \»j> JJL>uJ 




: ^LyU JjLuj olijjju 


Jjjuli SJUAjJlj <LuyDIJuiJ' 


. JLjSuil oHl> j-aii y jx*)l jjl> LilP <AyJI JU 4-ij_y £<ij UjuP p-i>JI A~3j jii^ <8x3 yjji ^A <^x)l <1 jLJI 
< dy I 1 ,jlt <-jjy> yiij LajulC p~a»Jl £-oj jSo <U<3 Jjyi ^ ojjajJI <l»xjJlj , 25 Cm Ju£ <ycuUl iJUJl ^ £Uj 
, <blyj*i'U ^ <aauJsJI <Jl»J! ^ VIij , «L»oHU jaS\ j j*<Jl jjSti LiJuP 
( UjjAj#) jWI Jj8_j (LjjjiJI) jWI jidi 
<Jw>JI ^ jM\ jjb jl lyjj^Jlj i^l^U jj Jit j^/dl <8 a 3JI Lf,^ jjSj ^ill <!1>JI ^a jix3J< y>i jt l^jjil 

. CyyJall 25 cm jx y^\ &aU Cojiil <8*iH Ifjj jjSJ jill 
Alu^JI Ij^lSJ! 

<1lo> ) 4_iP loyu jl ,jjj_*!l ijj'i Mill j_>vj l^LnPv jiuu OJLftJI dIoj 0A>lj <wiP ^Ip J ji>y plLu <Ll-JI Ij^jISJI 

|i_jj>JJ uJbLxll oliLlI *i i-i|t^*»" jSl ( pLiJl 

4uwJI 8_y5il iwjjJl 

/ 

<8iLill JaC ajLc ftjjuaJI MJj , ^a*Jl yjjJ |>.a j OjjjiLt ijy*s ^jjSaJ ^Aaota. ’ i X««a.« <aji£ xiu-ull ajAll <L>JjJl 

• ijo*Jl ji ^j^lll 
ui5jll uJxi-jjjixll 

. <-u^Jl C^JlxJI j_a Ij_> <Pj8ji ^Ll> 1 ^yial ^Ji>oyj ; olj <xj88 oty ySjII yjSuoj^Sjl _yxj 

j-* ^Jjl XaxjAJl <waxJ l y> <jyj5 <3 wl> Djja? udjiy ^jx3j ojij juy olj <ju>a <UJ£ yP 3jLui <uj«Ui iL-Jallj 

<8^y Oj&a <L>JP J y*4 

jilill UjSLJuJl 

| >— ■ > .! <-U ji > 5j yo fri&j ^jXj ( J-iliJjl jA-w ) JjjL Jjjj Jaj olj 8 i*j SIjj ji <-/JP JJ ^5l1xJI y»5LJall jj5y 
ijj-aJl Oj^J < k yi i£jyi Aaj olj XaliP OOP jli ij-rlul OjS-Jill Jxa3u^ Ujipj 
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( lh*L iJI 


(MJjMjiP 


!> JJ^* *Jl (>jaJI Jj3ll 4> ^jijJlj 4 \£j+{ jW-* j^ 1 'r“L> |> 6i^ <£ ll m V-^ 1 ? 

, LJi) uulk 
Mi = 1 : <Uu»uJI IjjjISJJ v~Jl 

( Ipjti i iLLUl ju£ 3jj-aJl) Mi = 1 + -y- : 4u«ul l o^Sil i*ull 


{ JjL^j'iU .lit 3 j«haI* ) Mi£ - “T" 

Mi-y- : ( JlwuJ jup ) jSttJl Mj&JiU 
(M) J*!\ jiiill 

. p-*J« fUSjl J] Jj-# jlf* Lfi^ j3)l ^W^ 11 O.H 1 cw V- 11 j* 

M = M* ^ : 4ja**y 6 j*£« i-'J^ : 

M = : uijp uji-jj**! 

for* 

u)» j^i ji ^iU< 

jif <p iylj JjL2j pj*)jyJI ^jLpJI i/v>l y o_)ik-iJ _ji lj**£ J» ikW* 

i = 0.0175 fa<f> 

. ol^JL L/li» <J^liil j* <l> ) y fa ^ 

(R) Ijyailhjlu 


. fo isjfcii d s&ah >* cw M 1 £o* £• W 5 V*-" W 5 jj-> y 1 *- 

-(f)' 

wljll JmOJI jj jUy jUI jj*»JI ^ jLu } i w ^ i-J* (Jo^ 1 Wl J-* difin *0>j J»'J* 

. ^J.^1 JUS! jayj Jj>1 Bj. Lip ojAnij . O^J 

6U »1.22 ■£ 

, o.‘j/J I jLi y D 

jjiuJI ji ( ) Jl^ll 

^ jjLDt. ato* <***♦ J'>< J!vM jo^ 1 */ lt j^ 1 J : r*** 

jJuedt |> duui* JS jit ijy> fjb Wj* ji ol - tf >J ( JO* 3 ) 

iliw 1 

aljil ^ Lu>j>j yjii jj] liU» . f—»ll ^ »V u* “jH J M ^ j ^ 1 

* OijLxJl Uiupi joi J y L^uip 


-975 










( irfyAJ! ) jjjidlj y*UJl Jrflill 

jiJl UfJ Jlj3 “51 Ifijjyj j* ul) V>^ ofi <***• 4-.jp 4Jj5j jjuJ yubsll ij^JI jl c*i] 2 

^«Lu oljj LcL yAlu jlJl <» l'iIL y.kXnil u yaSuJl yi Cuji! . 

^ u_a_iU| olj ly*_|l£jl JJl» jjj . 4_-.Jnj! jJi y~i>j jJM ._*> JLmjmI jit OyAjJI tVf>Sl -L»i j^SjJ 3 
j* 10 cm a»jjj c 1 nun ; Lyu ly,[A-j L»*> p».jl $ ySL* 11 a yi jj J , L,jp i^L yLiy 

5 cm Jil> ^Jp fc-oJi ly *x> ^ill 4 ij.(\H <mLJI pj^> yLLu uu£ ju . yiA JiL» 1 cm sjIjaj 

jl.) »!,; j ii .1 > jLi i ^jajll lyjii- n Luij 4>»1«|1 j^aj LjiC 4j( Cuaj . juo\ OuAl! k"il«> Ui i Ouill »ljj 

, JjLvJl ^jp yjjjUj yAxilj jAjye yLjSo-. 10 cm oilll jay Lf'yj 1 Cm iil—4 It fjw ye 

. uLa Oj^JI ^ Oj^aII jSu |J Ijj ji> i>J^> Ijya y)5J IfJlj i y**-a yil IfiLi M) !3[ 4-.JaJ' yi ^5 >yuJl 6& 4 

( 3 JljJI £*ly ) 

i 4—i>*il ol$_**Jl ^loiowL yu tjiJl y« i»\> y* U Ipjj »J-all y» jj-L i_ijAy 5 

, y*P yiSi <Lj-U J£L» yA^lIl i^flJl yi ^IjuiJ JJ Uj ljA Jjjrf sJuS 

* (-*) i l^i£JI (y) i jjaII (I) : <J ^yyiJI JL/ClH| jj p <i&> \jy* jfij iJUH 6 

jij_i ( ^ ) • jijil ( j ) i ytfjp <UT ( J ) • ( 'i'lj ) BjltuJl ( —A ) l o^Su-ulsJl ( J ) 

i_>l fiSll <r\ i.rtlI jljj (L ) . 9 jm 1I olL>J^ 

. i^ai ,jM AjAakll Ja^kkJl ji l-u_JI r^f! ▼j-j' 7 
olj y^i! L L«lj ^*Su-jjSyll ljj» jj iJjSoll Sj^aII yi Ji* . JUtl’l jLutiw'i yAJ>_) «lyi yi«ll <> 8 

? DjJftLtJI OJA ^iiJAo IjU . tjyu 

Jj» . oLi!I fJxw jU y«Su! Aj^aII cilia k*»»i ijyi cil*> jj ojaII jlj «-UL cuL jj oj^jIaII jl y ayi^ 9 
Jfi oLjp jjjy ji>u> JH jj j^juaI ii-JL JljJI jtfi V y>Ty J5Lia IjjaISJI L^Liil; ^1 ^i 

* yAP^Jl yjrfU J& Jiy ^jJl ^waaIJI oljLjJpl jD Lj ? <yK» jiyaj i-JjJl ipy-J ji*il 4***i j* L 10 
. 1/60 s yj5L L &1 ^»aJI yiu Aill yi} yli i 5 mm ^a L,LfJ Ij^lS J oJill jLi J L-jaII ixa jiai yli lj| 11 

^ 0.50 mm a ciill yl513J i plu!l y-ii ^jaou J cui o!j <u-JL ^ ^-Jl yaj^l j*j yt L 
60 cm La y*!j$jJI LaIo^ i jI l.jp j^JI^ jljSl JLjJ y J**iLi ylli jyll j* iL^L o^il 4*^ 12 

LuL^oli ^ i iii‘ iLuSl tj_a p ii L jJ i.t ijS OjOHl Li'LwSl L^ . uS y y^Laj cuiylll ^lc 10 Cm 

jAi O^xjS'L y,iL>.Jitl I yjjL CuU J 1 ^ ‘ V JJuaj ^Lk>i Lj^J 4jl J. V JL1 Jip w^maISJI IjA jaSL jA L . JU1»^U 

. v_jjkfL--jyfLii I Ija ‘Ij| pA ? Huu 

(<u>u>*£ull yjjJI yjj ^iLiil JLaaI lLaIoj t jL Iwi) 25~1 ^aJI 

ji^Jl L,jp ji jiicl l 1 yoiAll illj ^ 5j^J( flijjl ^a L 16 m L yAxi jp 4.0 m Ifcliijl 5_^xi Jw3 1 

. 1.5 cm lijifiJI jp jaju 

L«* . (25 cm) jajJJ Ia.^ 1 ilijJl j-1 » ^jpJ< yjii LjLp 0.54 mm yAxi iALl Ja jj^-u ^UBjI jl^ I3J 2 

? 4.0 m jju ^ |Ai>Jl ylS LJ ^USjUl j^5L 

r ^-B« ji jiu 'll 90 cm yj yyiSl fLj»-S'lj . 90 cm _ja ytiJi J_jlu LL« ±us j *xJ jj^aJI 3 
C L-JaII illil Jjjill J«J( iA L . jiAJI yj 25 cm Jjy ^Ip £yay» yLS oij r j . xA >) i*4*4 i-.JP pJiiLij 
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1.6 HI j-i Jii Own Jp liiip laiit ryity J-oiJl j Jp ytf U iSy, ji jkiJl jJii yLu yllt AikLu 4 
' 8 .UaJ! ||L>>*J| vjJltJl ^y ^x> Oju y>Jl >_JLLJI cjljllaiJ i*jj| U , Sjjyjl ji 

<■ jax-JI .illjJ iJuAjJl LaijJl j^l . -60 cm JjjJI Uo/y Ojlti L» yA>w iiJiji 5 
ypLwJI J? y^l fji yb L . f ~ +60 cm ji L IJJiu jj^ 6 

UiJi jj ySui\ } \XM y* L. . jl^Ij pLe J>U f= -90 cm J] f= -120 cm ji yJW <«UI BJMI JLtf >b 7 

? yllUl JJj ji«) Ljjill 

j-* “jLfcilL J -*i. j jJuTill 5j-»l Ul , o^aSlII oLjaJ* ty j» oL.jp olj Bjlti Jit 8 ■ 
s ju^ajJI jj* Li 4 _mjaJI j—» 42 cm ±ju Jp j ■ » -■" ijuo i-.jp Ji tiu> ^..i.fill ,w> Jp Juuya 
V SjltuJl JLaaJ jjjkj LuJJl LtSill IjSj JitJI j**J UlixJl 
SjllSuJI jjJl yrt Vm*)I JjJ LmjA)I LuJl Culia . f ~ +85 CHI j jj LbJju ijUiu Joill J J? ji JLaj jdkj ^Ju^j 9 ■ 

? yaxUj JjJ i»wall <^i)l ibijJl j* L 60 cm 

25-2 f-ill 

L . 35 mm pLDi Jp \^£u jJl SjyjJl VlJ . 10 cm ^5jtJ) Lmc ojJIi o jp 4L>».,.m JjjL J » ,\ w >,ij 10 
V JiAJ' y> ji jjSJJ jl tjytU j^j) IjJ lyilili yDLy 3 m aJJ> ^~l> UjJp i>y Jill oLil 
'Li . 6 cm x 4 cm ly»x> \ ; y> Jul£Jl Lillij . fi cm ^ L.jp olj Jul£ Js aLiil Jl Loail j* oLli 11 
V JJUi j}> Jp i>JUl Ijye I ojJm jl> )ju* 80 cm x 80 cm i>y (jt JkilDl i»j y> 

^JLc jj *>»" ^jJl oJi jlj k 20 cm uU JL .ni* ) J 4j DtLlI J Lilt 12 

^ ^ ^L*JI 

, ^-Lill j-4 7 cm liLn ^Jx <— L jLc juu ^axI ix*olj ij*«o ^^Sui i+>lj Lx olj l^uli ^yH 13 • 
ojjJi jj y&y Jlj' JL Jj-a>JJ L^> L>jaII LLj>j ^lll LLLl L (y) *' LijlaIJ jjlJl mJI *» L (1) 

Y 3 m Jjuj p-kx 

. L,j*Jl y. 25 cm o«ii ^jIJv J r ^j 25 cm jjJill Lj*j ILjx t Lull L-jx olj <Lij+L» Ijiili J p+tCLw 14 ■ 
? rj)l yP oijSj Jl)l Sj^jl Jjyi . IjAilUl yP 4 m Jam ^~m*J tjyc >— Ja A. « Jl jj_j 

yfl_ij*iJi j_»j jviu Ljm: t ^ - uA i Ji-iu p.■■.>.) Ijyo tliilL 50 mm ( Jj <L>jaJI ojj) IJu 'yL 15 • 
Y oj»js)l yLLu jjjM pj'iUl jduyAill jij jLu ^5 j 35 mm Jj oJaJI J>j JJ3 Ijji . 1/50 s 

\ 25-3 ^ill 

V ^a-a5laU <_Mi jxil jJL Jj- A xll ^miJI y*j yii (i) . 5ji£i Lij«5 fi cm ijJJI Lj*i L/jp xJaaIJ 16 

Y ji^SuJI dJj <*i& Lj (y) 

Y LujaJJ yjJJl jajJI L». 5 &jljAi (jjlj jm5uu L iy&* Lijp y£j 17 

<Jmu (I) jup <lL J-. t jv j y jjl ^mSuJI y li . fi cm Lajaj o^uii Lujp 20 cm LuJiJi ■uLL j«ju »j3%l^ 18 

V ^IflUL (y) i v^jili 

Luju i yL Lijp pi-LiuJ J . ojjjiJi lyMy 0.3 mm Lfjjt Liyu yj ji 25 cm Lujll L+itL LJlt vt L L 19 ■ 
Y i^SJUl Jp j+ijj-jJ) on ‘L'LJl j* L . It^AjJ) yii LjJ 8 cm jjJJI 
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iwjiJl ILLJl aLp ijilpJl tjyail yfijj sIuaj jJsull yaj yJlb <LJ^ 7.0 cm ,ij)JI Uj ju i o£« yae 20 

Y «_jJUaJI yLc J^> ji)l _jjjlSo!i U . 15 cm <J 

Lm 5 cm <iu jIp ^UaJI ^Ai \i u> 8 &jIaij ^Ij olj b^fu Lj; vi^tJl 3ly i>l p,j>iy 21 ■ 
• fi < 0 *# j* J*j (v) V jf^V 1 »jy* up* ttfi (I) • <-J*JI 

25-4 fJUl 

ji ? 9 cm Cm«I lijjJl 8 cm OjloiLi ijj'y om olj aju u J J I <JL>oc yj5Lijyul yjJLJl jju&II y U 22 

. 18 cm l j£> oLil 

jifll jwiJI jiSL y» <uL*Jl y yjlkll ^jyJl Ja<JI y L . 20 ojlji* lj*& Ljyy yjSyj^Sy *&** 23 

. 18 cm y ^>uwja.’i jy oUl jlj jyJI jj 25 cm jm ^Ip j»ijj LylyJl ijyeJl ji jjIpI '.' 2000 
mki < 4 uif jiA>ldyj 18 cm lyJ^L L*iji yby^LJl IajJi . 900 L y^y^iLu y ^AiJl j^SL ji jl y H 24 
, LyJall iUuaJi ojaIJ j^jJl jlkjJI ji»y . 0.90 cm ijjjJl 
Jtjjy Oj ivi 4 _wj>j 4.0 cm LftJuy L-JP oyi-. 4 jSyl pjLi-iyj 18 Cm iiyv I Jjb aJju 25 

• yjS-JD^ yij&ll y L 1.0 cm J#JI 

yy53 <- * *j» oyLwjjiolf j_i jix V jLuj 20 cm 4 lmj | JU>j 40 <_iSjj yj£wjjiul yjjJI aIa 26 ■ 
V yji-ijjS ull ^liil ^iAlll y Li (->) Y 4olkiJl (u) j Y iLluaJI (^1 ) jj JfiJ ;JyJl Juuil y L . 16 
Lft^o i_/o£j 18 cm IfJjis <Lyji yJ» x>l JI 6.0 cm j^yJl £>L yj5L.jjSo« yllb 27 ■ 

jj> L< (y) Y 4 _»lwll ^L»i *t jljli o^aJI aJu jl yjjiilU j^i (i) , iijk!l jup 3.0 cm Jjj^l 

p lifJ ^jiJl 

iiLu ^Ip jj-»j>Jl o^Lii ■< m.'ili o_a 1I j* 16cm 4 iLu ^Ic i jmu ji ij \>1 Ji^ll bjuJl j^Suu 28 ■ 

. »iii<^114_ijkaJL] jj^Jl juuJl o>ji . OjjjJl Lpjj^ ciilfi Ujjp Am.tll jj 4.00 mm 

25-5 

, 3.0 cm Iajaj Cnj^j 60 cm V s . *** i**M{ j 4 - * * j**^l y^Sw^L ^j>y 29 

(' ^^iilill lift ail) Jjl)II jfai i l ! l ^ft Li 

I>jJkL-w jLS |j| y^L-wIill ji-&j yt Li 75 cm iij^)l L»juyj 15 cm U^Li Um oop ^ib ycLyijJ 30 

Y 2.5 cm jji^Jl Ujm cuup c-op 

Y yj^iijllll jLaJfa'jll yJlAIII faft Li . 55ctll <jiyilj 4ayJI jy liLillj . 5 LftyCb A >i |P y^P yj^.iijl* p '.Vl.iij 31 
> j-illl yj*Y ..»|jl’i)' ll_» Juuy Ubufj 1G m W> JudIjII J>i y^l.yl j y <xu£!l iui*lj Jj^jJl JjJl 32 
j_»HJIj j*ji\ oLil) Y 4 . u jbJl yjmJl LfiyLi yll jj^dl 1 cm _J»lij yJl yUl j»b_ iiLil y Li 

(S-axlCm y 

? 6 Ljoj& 5y 100 cm Ljuc ***•>* pA>^i y^SLJj juSj y L 33 ■ 
jjjjJl ju»y . 70 y_jS_~uJLil) JjljJl jii^lj 100 cm £Jxi jyu y^LfaiL y yb*llj 4 / i y ll yj*Jl j,u oLil 34 ■ 

• jii-JAil 

Li 12 ylLjp^ll oy-iSj 3 J y J^L> jj 600 m oLn LLp 18 m ^pliiijl y^ J] Lljl joj &I 35 ■ 
Y iijllJl ®jjii JbuP jit yil Jplii yJl LjljJl y 
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‘ * “-» >11 >jy* f*> y> U (1). 80 cm jjjJI Uj* oJi J*uyj j- 5 U yjiyl; 36 

JH* 1 ) ■ ji& V u& {& 5.0 cm jjjJl Ujjuj yjiLJill IjLfj yy y,j* oluuJ Ijj) (y) 

. ( 3.5 x 1Q H m jJJI jJ»5» 3.8 x 10 8 m j«2Jl Jj iiLlI 

ovi'j LiuL JQ l jatjKji\ ^ 2.5 min, Jj 20 cm ojljii jLi l$J LuyJl <yj£ ^■ j<... ; h ,. 1 ^ 37 
* 25 cm y^Mi ^b il yuyil yjJl Jai £|lj I jj ywLlI ^k\ ^5 . . 1 ^ 

jr? J! ^ ’^b ■ +10 cm l»jy yy 1.8 m jjjJl Ujju yJi L.a# jJSvjW* piis-* 38 

V ^ JJ*y t_u piu3 t y^ will I I jjk J"A> liAj 

25-6 ^Ji]l 

•Lylj* ( jjJ\) h = 589 nm » ( jl ») Ai - 434 nm U» iii jyj-y jj)b ,> <j)Su iy> i»j> LLJ 39 
OsjjjJl J_*b jxi Jj^Jl yjljll x>.ji . >iuli ^Lj-j j* 0 ) 1 — Owjj Ja 40° Ujbii 
JL»^U 1.517 j 1.528 *iuli ,.l»j )L£l J^bu 

j—^ bO 1, UjUu yjl_j< 768 nm ) 656 nm ) 434 nm o>m Jljti liMb yy> ^xa» ^ <^y> oj> ii-J 40 
J'jJ&J yyjLH jIa 1.517 ) 1.520 j 1.546 ajL£l 0 M 1 U# jJJ jjJl 1 jjljj ^l>j <> y)i— <>*_y 

■ <*>^1 Jib Sjjlxill fj»J! j 4 y^UI Jj ^jljjl apLuJI yui>i o**ll y*)ll 

ojj > J^U^I *—»-jJ< Ja *yd\ ieyu Aylj o^yu 'Jj) . 25-14 JjJl) 25-6 ^JJL ULil dji jko 41 1 
‘)-*Jl ^Loi jyij L*ju£ l_kj> its j&j D Ljl^ll jl oLlj (\iujj , Jd * 3 D Jl^Hl iylj 

j)-liil »L| jL—A jl JjLm jlxiJ I Dmin Jjiall s jl^J‘lll <Lylj ^Li UJ . jjiiil ojjilil l^jly j)Jll Jib 

UjUIL jLaj j yJl jL£l JjLu ji cJI 

Bin(-(A + D mill )l 

n __ 1 _ 

ain(A/ 2 ) 

;yJl ^ylj L)lj A Au> 

yL»»>l. A = 580 nm b Jp 1.4570) A = 440 nm J*JJ y-Jb 1,4650 ^>j*« ri>j jL»5ul J*Uu Qu 42 • 
60 r <Jj 5j)lj) ^L>jl li» (> tyu u jjuu J& jllaiy ItJoC jJ)kll jjjjb JSJ ^jA-ill yjlj 

. 41 AjLlI c>yu pAioy I.: «jJj 

D - A(n -1) SJjUiL Joj6 D J^lll yjlj jb Ia> 3 j*m A <uij y)lj» liij ^Aill j*i» UJ£ 4’ oull 41 1 

. ijjjjui JojLJi Wji 4 Liii 

y* ‘)-i3l l>y—I Sill 3 jL» jLjjl JdJtj 60° cJj iylj jyt a* i>) ^lc 48 u UjIaAi yjlj^ yi_)i yj> ii-J 44 1 

. D A»j>Jl oi» yjlj (y)) j jjl ly jjJ jill <j)ljJl (I) . 1.590 

t^b bjLi y»jlb Ch ^ 589 nm Jlo\ iyo JbLu 45 1 

I JjSl yj-yi &. jLSiHl iylj (1) Jjfji , 1.458 y> ^ 1J <3jU jLDI J 4 UU) 60 c UjlJu j^Jal 

j^UJI OH Aijlj ( J ) J ,/liJl y)lj (-*) . jiliJl 0 .)JI 0)1) (y) 

. rj'i-'l) liUI 

<UU jiU 

jj*!l ^ ^.ii^ll ±*j u L-Ji> ^kwliuL; ylyJI Li jjyaJ J)L j' uyj 46 I 
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( Ijp jJI ) jjjioJIj J**J' 


jjjjjl jJL oLm JiUl Ja (i) . id/iJI ,> 15 cm *> Jt ol*UL <L»» j iji j»j *47 ■ 

V Ufau jl yc* pSj ; J«UI I+JLmU u^iyi 4-A(Jl y L* (V) • J^ 31 ft 

ijJl |t5 (I) . a jtS» L-pi*b' 4 _JjAj L/oe pjil-i ji 16 cm AiUi o*>L> j+>* JjUj 48 ■■ 

y» L*i , f = -50 cm 3—,i*i! jm^JI jl£ I3J (y) V i*«-ilj ijy> Jji jl u^*i J** kijj* 33 

V ole Jy** 33 ji* j*£» j-^ 1 

( oL>jjJi^ LJJu ) l )IjJI y L. . 0.0300 mm U*y *Jl j*£^U y^j>« f^ 149 “ 

? 360 ajia£j iji o^i-jjSai ^ jUAli3 ^ J+* 31 

. 5 UjgS W U»pj 20 »jUU I 'ji& ±*>s 1& i-JA ( 16 cm «yjii ^ f-^ 50 " 

^Jl jM Lu-JI y-o-l • 16-7< r > cm U<j##1 Jj-fc yjSL-jjS#. j-i U*J»j 5x Wj 20 * ^ J u^ 1 

. ^USJI y£-j.£il J#% J^ 1 J 1 **)’ 1 

J ■ . .< .ji-n ^_J Sii ojLij Luu L» (t) . 4.0 cm J! 0.80 cm j. L yjlyk J jU >3 51 ■ 
j 4^11 4-j«JJ *JI 1*1 UJ ^1 *XS jtU 7^i J> U (V) ? *SfU ^ J* o' 

*f jJaiil ajLj £• cJyi ^ 

yy! J_>b U*ui) ji yi^ «. +36 cm j +100 cm U ok)** 31 uk*>L»j oll*» • i> ' ^ 52 " 

. jS* jjlj ^ j*Sl Jj £* oJj JyJl it* 0& ^ jr^ o£i ^ •> 

S L>: jt&o&r'fS M ? ^ ^-4' S u ( 1 ) 

ji Jljl Ijl o*[y->\ jLla I1 j» o£ Jij ij}* o’fii J^* 31 vy 4 -#^ 1 u' 26 -5 ^iJl j Ui jiJ 63 ■• 
^^L-uL“ ^ Ijjji 3jUi O' i>i*e I j—* 0* j<-» j* ■**■* ^ > W 

Laj jo i#* <->*) +40 cm L*jju ippi la* <# oLyLJj Dial +>'j . 

tj+j cjJfi jJIj Juyy l^l^l ajvJl -'J> • ^W^ 31 & 1° cm ^ J 3 * £T« _2 ° Cm 

f . ..l-.l l |j^J JU>^I jejiuJl p L. ? v 4*4 ^ iJju« V ly& pi W> ejJ-a 31 > • ^^+* 3t 6* 

I, 615 ajL-531 Jaliuj I 430 nm ^>>11 J>Jl JJ jjj^ 1 1-660 ajUiil J-l— ^j 31 0* ji« ^ 4L-* 3 »• 

J, vi-, o.l}. chj ^ 1 jArt’j 31 Oi 3 ^ 1 J* **** ^ 680 nm ir^^ 1 ^ *>^ 

j^LuJI jl*)! , 60 s jjLj j^-iill ^lj cul^j. jr^l II* o* ^ ■ 4 > i > 70< ' u j'^ 

. j^iUJ Jaliil 4^11 > Uoi» o+rt-4 1 yi 3 ^ 1 ( ii-^ 1 ^i J»W Uyj )Z)i-/)r tSjiyi 






Ben Rabah 




ibjaill 

M **W«* 


jSL&ij >£fli » 

. AjJaL> ~d)—A a^j j 

« Lu—ua« j$—Si 2 LiL_ 4 J 15j—*J I ^3 

^■u^ni ujjJi 


oL>L>jJl *j—i jJ Lj <jja odUtfl jj jl jjJljil ,> y^i> 1 J*»^JI ^ £*UJI jjiJl dLtji UjJx 

jli o'—>v> 1 ) r'»lI (jl — ^“l A_ii . 5_»Jy>Ji I SuLujJlj 4 j_^uLLAj<-/ jJjuJI» *1 —mA'I ■) * ^3 oii > J ^1 T I 

yj-»Jl jjiLjj ijjjjjbJI ISyilS^il jl Ijjj . ^j-oJjUjUjj^S oljjJl i t m5j 3 jl JJ jLil U» OjLlI olJjSL* Juki y* jjjiiJ'il 
ULu L«l> jli* «J l*i jolisll j^5Jl jflo) . * «Lwll 1 —ijLxlil 70 llu jjuJl ^ic > * « »> ;>• 4 —jLuJJ jaLli *>s pl*jl 

. Lfjjj .y i^Ul5 iJaxoJI ^jbil j^ JU»a JA*I bub J^ju <ji« ; 

I jtilll jjuiyJl olJ_I—«~il ^J\ >»~i H ^utu JJ o-aii ajjJk*Jl 4jl»n[l —jjL>jJl j_i JjJj»jl jli jjjJuJl jjiJI Iju jjj 
J_>b oUjjjiSJ^'l <_• ij_bJl <j J^Uiv yjJI 1 —fjJ-rSlj c ^jji'l BjjJI ujLij5l ^oljjJl oJu>« Jij . Jjj jj Oja 1>I ^yJl 

. ooljJl ~<ty* ufilj *Ju3 'll < ».aI I j? vjliail « 1 oljiiJl 

*—lo- ji^jO J->1 y-» ^-^j^iJI j^-iljiJl j* 4lj*j U Jj> 'Ju*»Uu ^y <^ji> ojjJ liji/bll j* ^ U, J IjS*j 

: L_»* j jlj .j. u j jjjui (1 4. u j. v . I I tbjjiJI 4 jJLc jlbj j jJlj i oljX-iiiU ^yill jlb^ill sjL»x>Jl'ipljJbLill 

oUj—Jj_>uLi ^_jJI 4*1*111 oIjj»LJ[I ji~Ju J^l j-» 4*4* <j 4 *o)l <^j5uJlj . . ^£)l ISjjlS^j 4**~ull iuJaiJI 

JJjj . JjJJlj oljUl JjLwj v_i_aS jJ jJ-uLI iJ i£ jjj'i 0^W>I Jii jAJl liujli-w Ui . ( 4X j-> j4 

^_s 4 »»KII <t— ululJu ■ I '•'• ■ ■ jl JJ lj_a i_sjIj 4—t- v jj yoL— a> l»jjruJ <jl*JJ ^5ji«*i jl* oUj-*>JI jl oU^b 

. JjjJl li^i-JI »jJjlj SjUI >1«jJ JUi»*!ll uLaijil j**il ji^l ^ >• 4 jS* i..>jl£)l *L}jiJl 

4 — 4*1 J U 4 m»oS ^jLii U Ijjlj- « LjUI » ilxij^Jl LuljX^J 4 1 .jilb oJL> oJlj 'll jLSJI ‘bjj*Jl jl 

bwy-JI jl 4_>UU 4-4^3jJ 1 j_»ljl*JI yiA_>3 J! UJiilj 4ijWl jAljJsJl lijjU j^ Uil j* U 0»!>lij , Ljl-ljJ 

yjJil fjuk jLj»sJI jLS’ jjj . l jJ> IfJfyJ*J 4jw*kll j — 4^3j LjujiaUb lujjil Jjl>uJI li^ljj t—jii jl l^Lc jl5 J*3 i 4 jUU 

J ObiuLlI ji 'll] . LjJjI ^jjJlj tbiill jjKjj j>i ollaj . jijAdJI jjill^ ^0^' o* iyi ji J*»H j« j"j«Jl 

, u jjl ja4 lll*J Lm J-iJl 1 j jl 11# tiljJb UIaJj JAf JLU 
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±j . 1900 fl_p ol »UWI 04 o^*j' y2~A 

0J-& l r^i ■ t ''-Oa* JI ^-* j-*^ 1 -^ L * L - 1:l ^ 1 ' 1 f-k« 
i Jj. 5U -■■ lb. J_5 ^*££ll 0* 'sys uj» Oii-* 1 - 

. l*jUsSt f3 ji iLyu ij—LwSlI S^l^l o^lyUI JS £,1 I* Ob 
. I —alu LiLli- J—oaJI <j_» ^j» US viljll li* 0^ •**} 
jJ i xx ojujJsU 4ijJLJl o* ■U-iLs xJij jii 

. UU3 SJj+s*4 

Ljjii* oLS j_i pjLe- ^Jls j»jjo JS ol wfcS. l SJ Ui|i i £*jU UxIpi 
>ijx> <mx«SJ Uxfj jSIj _y» 0* 0*i x>‘j !>*■*■" 

O^Jli ._yi« iS'jxU ii:>liJl ouily £* j 1> oi oJji> p-’ 1 ub 1 pl~«»0U *Sj»JI 

j-A'UaJI J_>J X*5 J^J—SU Ui i * x 4«] r» l ' «ill <jS|j i5ljljli o^j ■ 

oiuSl ax* o' J' • £0*^ O’iljUa J^IV O* o-jk l u llj 

. Inj.-f U ^JUJI Oa <4 »v 3 vuly^ »jl»l J _yi* *i>£x< jjfi JjiJI yl S£-> ‘ 

Ol • iHT* b-z J>«*f p*-3liLS3$l ljj-*jl Ji J<j*^l •‘ty* O' liA o"“ o^i 

<l_* jS x>liL^S^i ojja oj ol ry°y bym >* o*^ 1 

jj » I ij_4 Olj oj>“ ■“* Chj*-^ 1 »UW< 0* Oi^ 11 J** ■> ^'r-J Uvy3 

>_< « itlUt ijbsl wjil ouS jjiiS iUji <■ Oo^' L»* -^1 o"* 

! Li*A Ijo* ,J r «, VS). i_ilUJl o-ii jusi ^1 p lyij 0<> T Clil ol* i-*^ 1 •" 
l>LkiOI tUUJI «*i 3 * i yr^i} ■Ujif* ol ^1 « J-ii **1 LU* ,y^H 
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(J jjjj yj'xa ) jjyiJlj ^ijLJl J^ill 

Ljujji j—• JLL jl jmloll j;l>»n j^uu 'ili lulcj j.i a«u ji S.X>J V 

. yjljjl 

jjLm j» Jwui> j* uL Uj J«oill Ijjk jill oliliu^il oj ui jaI 

. o'ilx'l v-lipl COui j^p 

4jjuuJI 'isj&i : JjVl &j>JI 
4jjuuJI oi>jy 26-1 

^Lp ^_}j Oykll j*Jlyi Oja* j4 jjjJU* yjbfwJl j* J^JaJI cu^>I oil 
jjJSjii* JyjS JJ Ludji 1 oLijLJI jLj fLlU'jll JI j / i. i i j i Jyj 1905 
. L*j ok^UI j o#±i*> 

(c = 2.998 x 10“ m/s) tyli Jfai oLUJl ^ oJ US gjUl J tyill j| 1 

, jtfbilli pjij j* jl yk t-t-oll j —jj jli IjJ Lp jJbuJ I 

■_i — .i. v j l j iw j *1(1,; ^j)I oUjjJIj . L^jjLj jSJy )! 4a11x1i oltjjJl jj 2 
I ^Lj> J ‘U-ulLl ulpyjJl 

yJly»Jl ju jJ-ISJl ji jL j« j£*j *jli jjlJyill j*!l* Oww jiikyl pJSI UkPj 
<J jjiaill JlljJU'jll IJjP Jkij . Jjf>Jl Je j cJlj ll lily* j* fJUH <uiyll yi 
. jjj-/LiS r l U» o*-olj jlli> jP j 1/^*11 jlllyill X/jLjj . ‘ Uj u. u ll AjjlijJU 

JjJ fLx*[ Ljli. LyJ . jilp J_ik jj-Ajill o-i** olyj j*j 
j-Si»x ji k JaaV* jxi- jlS jjj 1 j£*W k> **";**)' 

j_*l jJl cjyi J jli»pxi Lf£)j 1 aju>I t>A>j j j J^ii-ll J yjl>jJI i joaj 
J . li>"5l iijjuj l*S i dJi JJ (JLaI . Lf—a>jJ iLiUil o'ijLaJl j* 

lj~,iit> ilai, JJ Crjl Jd jjljjji jAJjj 
jj ..Kii .1,1 1887 pU Uljj ^yJl yjb>jJI j* <jJU oul> JjSl i^Ajill jiJ 
jl OkjyJl JJj ^ »Ul*Jl ^Jmu JAicI xij , 41»oll oL'llylL Jjy-» j.l 
j_ill k ftjLkl oj—» CixkJ J< . •di fLaiJI %u )jL» J>Ij yjjjJJ y vaJI ol>yll 
jLi c»>li j_*j jJJ^b . jk*ji Jy J^jl' J*d ofl jd* 
k 4jjtf ji yil^ Ji* lx* LLij jj£i ji jyjSl lj* Jfi 

J_*AJ ^Jji* Ixj> *1—(l*Jl jlJl jolyy jAAxy jl jyJSJ JyH jl^ v5 j*) 

3XJ» J*-i J^-Jl j-* j-Sy jJj , UiLfJl itfj-Jl »j^ <^-dU obxjjl 

J_L*ju (iLxki j_U J julil U L»JL« j-») ObJl y«*ill Sy& d» jiidj. * 

i—L**. w Udal cj^ jlxJUl 1916 |.U jjJLtji' pli jj» kii ( iAjL-j*) 

ifUJI *jujk jit) .iDij { ifjLii*) 
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( hjj^j JmSuJI 

j_iv jSLw jULw| JsLj jj -uS lllj> ijo*j Ij S— I» ~ ) iLIaJI j£lj . -Oil nt l ill l 


. V -UJJaJl SSjxll 

JLIjj jjjSl jA-t yAjSl -*» ji <-j1c o' 0* —jk ■*) 

oLfJI ^.1 t^—uJ 1 if ,«j Jj> ^j^Jl iSj> ol>Jl ‘j*aJl ifjM ijjliw 

jjrf «jwiJI . «~JLw Vu~? J>ljiU ^Uu ^OkjLiU 1 *S r »Jl BO$J jdjNi-u 
JJLiijj » j* ‘kfJI >> V>»lj k jd*^ 1 J! <J»«d*W 

Sh* jd-^l jl ytfjjill j* j& Jij , « 0*Ui» ak- 1 j* 

«_u«j C/ljjLl (Lot ^ .Ail) Lilli j Ij-Jl <Ai }Ut> jlf»Jl J#* O.T*d 'j+^ 
j-UU v-Liy fj-V L»Ju£j I j+JJl «l*Jb CUj Cuj Sl>^ Ljjli Lai* 

jU , - j Li£! j-h^I i—jli k j^JJl Lola iiLJl 

jU jlSj . IaoIp tt-L] ^3JI ‘CailJi J! IjJ-M ^ 

jl oLi 0-< i jtfl*lJt Oi-; jj-Ul j-* WaW ^aav jl Oi^l ^ la* 


JJ>l Oji jUbtifl 0 *nI> l*jit jiljjJJ oLo» Cul ^ JLft'Ju 

jliJu y»j t C^uHT 1 c iLi _ r *4-Ul Jy» UjIoj L^j>3 o*p j^ 1 
jiJlsJl j-LiiJ Sjjill o^L>JI jl ^ . jj—J5LI J_*luiJl jl*> jlL u; 
xjfjt H -d jjJS** £&-< J*j . *pU^H J* j! & jJi p) gj/i\ 

. jjjU\ > J* j lf-il J* *5-411 kj- j'j t jW ^ Jj-i ^ 

iiJI ^ jL^Iji* s-W>> J°dj^l 0 j* OJiSl* jjj 

, Jj^ll LIoaj L»jl3Ca jjju a ^l Ja> Lm C5 uj^' 
oU^-Jl ^Li jt —Jl {yt Cl fbu . jjJuJI o^- 1 . J! tj 3 ^ 1 jr^' ) 
djW! Wv jjJi iejJi jl* ^ ‘jM 1 j» 

SJJU-J aJJLj O—J »j* jilj 1 V**lk 

> jd3b» wij-C Lwi <lu>J , J**ill W- 3, jJ J 

^ I tl f,|| 4 1 j'llL SjLuJI (jl Cjjl lij 


Li'^> jJ Sj^JI jl L5 t ol+Jl yjj k j-j 

ojju>« U1L) Afj— ju/il iijjt JLi* O-J ci . lav $ 


ifj- ja* y Cy ^ikLj L JSj . iSj> y _ja,w j^ k L ^ 

. J>l ^JK. 1 U^X C 

Lfj^ysi j-e i_x*I Uui«u" ibjt J>) 1 ^UJI yijill ^ J>i *id> 


^Ujj jl iJt jli-j^ll JjLwj . jLL-^I oUsli* iJ^Of wLc f-jj j-*j • ^L-Sl 
. jLi* j-~>jS jl 3aJ«* jl *Sj,i <U-CJb oLl^iJI j>y oUila>^ 


jUl— , )I| i>U» jj> »j-»ckjl • L» j' 6^d 

JLtfj ^>kLu kii*> 5jl^» ejiC ^ Jil vLi jjm j 3 ji . ^a>UI 


J-bj ^kL,^ j_>T JlL5j . jli-l Jsli*S ijLJI ^laiarf^ SjliJl ji oUaJl 
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( Lju ) jjjiuJtj yjjLJI J^iJI 

oik Ji Lj Juil oLu<J>')l! pUai g-*t} OJ^y jOiy 4j~J'y ►Lij <UuL, %}y 
. i>tu yl »}XjJl 

jl)l jUu^Jl olkli* £»*> J I) J* yfij 2 

, jiuull 1 $■<"!« il hi^ ‘ij-u 

jJljJl j^aii\ jj J?Lw ^JJva< pbij—L ja-ill lik uljlxl fli Ij ijiSSj 
jJmmIJI jyilj 4_L>lju j ihil oLulj>NJ f Uju jA jlljJI jW^ 1 «j jLw^t 
Le ; l—u •U.AU iljbu* ji# 9^5 4* j5y> pJL« ofi-* ^'“ > j ^ f-** j4 • 

L>jj^ - li&uy . pLWl (Ik J-lj j-j ii>^ W#WI j^ly 3^ ^ ) 

Lu-JL Lutt «J-W liyOil Ji J" 4 * - i> »■***, 

^(ilt j^jiU liJU Cm iLjji jx/ Axi liikj . jJli jyai oli olfalia ollw 5 a»*j 

j --■»»!■ i oli jU-^I ollL. *«> ji LfJD j» 4xuUJ Lu-LSl jajlyiJl jj£ 2 
Li>i lj| ^ilill •ji/W Jt o*M jAj^l ^ on oW 1 f#* 

Lu'j ia_oi ioa«J olp^ j-LS Lui L»i* j4^^* j 

; 'Lm < ‘L«i)t ji— jj£ ii Jli-'jji olfeUa J> ->j»j fJ* 

-aJl ji LJ r-t>^} • cJu j_-wLU L-JJL 10* ktn/day 1*^ j<ill J! 4** 
ji iLi* j. <J_*- , 3 i*s)l ji h} ■ 10 fi ton/day ; ^r Jl tr-4 Wl 
j-* $ jl Jl*< jl j 1 ^ 1 ^ j^ 1 oi)j ; L * A>i> ' 

. jJJxll jidli jji- 

LLm jit J-kuu * « i < k! l Ch-1'** o* ji . I jm £i - 
j_5J jjiliJl ILft Ji» Ijiaio —i jl ‘LaiJl iii — 1J . 
jpUj . . *^1 j-ii J*i ^«ll jit ( 4#i-o Ui I 4^7- 

jj jlii j^ ^L>iSi jSiu— iJi! jU-Uii jl^j-Ji 

jJIm ^jjjj jLjuiil J3- ujilill J I (j'jHj • 4-^' p^3i*j- ■>>* 

. LxtXrf? jjJwJ^lj j-x> ji-ll jjliJl o^jiJ* L> y*$ » oUj^ 
oU»Ui* J-S ji l+-ii jj-SJ jlj J#H 4 hJ*I' Cuy'y ^ d |i j* 

jjljJl jj-sill oli jli-^ll 

4jJJ jiti j> 5 t^aJI ^j-j 26-2 

; 4ii ji^ii* J 0^ 

. ^IjiJI j *yii\ j* ^ oUjw ji U&H ^ 

li^ , LJUJl ikn4l Ji- 11 i>J 
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(4jj *5 ^jLJI Jui)l 

jJj ) 4 _uaill t iA>J 4 jj jujj i, pLJI jU jJ\ ^miL IjjjAU LjLl jucuj 

IJUt jI oLjuL LLIjj (c ji _a£i Lj-u Jliu'l'l ^ v >i u ,.iu It li_*> jl . i)l>jl DU 
uiliiJ Li Jif, Uulj jl iJLJl oju» jj ) iiijKt iijlj Cfcuj Jl Jjjji 

( ‘juJl ifijJ C jt 

U*j ( j^J ) fjUv y£#l£i j*ilu»u LjJ 0’ 

j-Jj , ^Jli jyuti jjj jIL] ^LL J*«j jLjiij 26-1 JSLJI B »A jlikxii 1 
LfU jL ‘Lull CmAw jjlj Jj L^LoIaj Zl j A j» JS jit jAtfl 

J ~>y Ifili A *k»Jb £j4j ji • 4lil5 <5j-ai 4£j-“ B ) 4 j" i> 

if j A jLiioJ' j' j-»J • M 4_k>JI y*j 4ii~JI LjJu |>4 4 Mya iuuJ 
JJjj ‘Lull <LL L ^—• jxuLi jlwJu_u L^i !» $ A »> >* j*-uJL 
ji lu^j L^ji ciJIj oiljil jVl pjiL • M J! A Lfjl^ j«j 

, 2c L«L* Lpi w 


26 1 JiL 


T jmH.rtill juhv>Il jij t Uiill 


tUilLL^u s y> Lt- 

+ 

.4^1 Wiki 1 


^>* Jj J*»j jL 

U M m ■Ua—J^j ‘ j_o5 4fc j—~d jj 
j—i J—uuS I A* JL 4^laJl C4.t ^ aJl 

J »>, / <U* 4^ M> lal.SL UVL« *jii L* 
JLJj . Ljjtti 1 jl. .Ml ilLu UUjjjj*Jl 

flJjjll j piJ_oj UtnjtlliMlI .'llUfl 

j —4 4 j tyfri uliL j* | Lkl' 4&D| j 

a -i i ,-,ij ...un.' i i . 1 , j ,iv:n 

. J^jill 4iili uUkiL j+i rfjAiS ij 

ii-» j-i i-oXui aj~J Jjli il«j 
■ JL' LJ lL-ii 



iuyjjjl inul^i J <±ti>) I A jl^»o j*J ’LL 4LL ‘Lijl <LL| oLjl il 
B j A ) pbfJ5 jiljJl j^Ltll jji 4 j>CJI 4*-ibJlf <uili ylj ill 
ISy— - 4—L LfijL- jij i-fi 4i5>jJl iuuuJI jli i {iLLl' ollij 
cLli' Ij[ It U_1>3 ( v4»jL! "i <L-JI jjli ji J&i 










( u«>jLJI J*diJI 


i-«w tfji ji *J ^ Jj J*) i ^kUJI D pi J J>Z iiiijl 

j^L*A^ jj B j A jlxtfljJlj IjA&ji . <ui__JI JJ B JJ J-ai> C Ujluiu 4>. y^j JyLJl 

* u i-.Jl iUj* Llj UfjSJj . <J 4 jjUI jj iJk>uu Ljj^JI < ni'Jl ji jUjj«i La 

2c j-» j^i *-«" O' 1*^1 U+ji ji 2 c Ujljuu i#j-y Jj>H 1 *Ij*jj 
£*** jl OjM^ll ULU>Jl £i ^yailli; *lo. i - n iaoiill oj-» jSJj 

^-ill jl k gjxLmij jl k jij i UJj , c jJ>j oj>lj ifi*, J* jjLuyui 

A j^ Cj_Sj>j J j)£ jl jiLu ^ < ij i III I jij i liilj jlS HjlxJl J) «U»^t jjjl 

. 2c UjIjL <ij-u B j 

j>£ 1 <uLJI jl jic Ljj-ji LllL jijliiJ! lit Jl tub L^kill ai* jjLLij 

j_« ^xil ii *j~*j jl LfiSU^ ll ‘Lai)l <jju ji ill j jj gjjlMj c j* 
J_i J-fciJ ^ i tL ill JJjS—II Ijjk j« ijv ji » J»ilU . c L.ILI k^jjl 

. <JI jit jojj jl Ijj» o-j!> j^SJj 4 <jli? Ja> 3 oljLl^llj ^jUI pL^S’l 

. C »^aII irj* Jl tity Ja> ( y> Jaaj ji oll> <-jJi 4 '} j£t^ ■J 

Ijl^t ouJL>l jj ji—uL L ii LjJjuJ OkjjuJl ai* jl J*aill Ija Uiiy UlS \Sy*) 

oljlu>^l * JA> I—uuuij 4jtilj LUayj IjkiJk 

26-3 

— ~ — " ~ ? L . 

jLujLk OuLS I jl Lj, U) UaJ j'JuJu-w jjitfljl j_* jjil ji ^ ojU Oyil j* 

JjLu ^ ■! II»» >~j >■» ill OjjI j j jjhVijl jl . 'll pi cL*Ul Lr iij ji jUL 

j^iJL>Jl jl ^buoM>l JJ U)Ia3j^ 4^wJJ jl^LUl jLijiJlj . £jl»Jl \t oOjjil CShLJI 

. ^>1 jU—iJ JbLu jj jjLI jL» jiJ^ 'll J* jJO jy*at J j Lli* ^ jjUtljill 

cjjj jliil j juwj Ji -V L>Jj Dili <J»Lua SjSiJl si» ^Laj^J* 

, lfcWj>J ^Ll p Jil jJI jyaiit ^0 jjjutfljl j« jlijl US \uya 
LtS <JwCj lj_> J_JLf ic^v—U jj_«Jl »_>J J^jju ijli_i ijyLtLi ji jijtl 
ji-> oij L«Ull Oj^Jaiil wJUk iuU jj £• jii*) t'ojj JU* jij k ( i ) 26-2 JSuifl 

Li^lio Sj^iuil O^J_> JlJj . jLuJl j^jl y*j Luw oLiuiu kii*jj ^cm^j 

4 h>l i w t .LkS> jl Oj^LiiL jnV 1 * ^jjtk.jij k*j4X) . L^jJjL jj Ji Lp 
ji jSuU« jlf> pIjikLkU aJjuu .j US . Sj^laiil jJ> JJ Lj^aII oljuaJI Jvjj 

jlj4-*^4 j-lJUfll^il ji kik_j>j . jjj iiiL iiilj j j k. n. iill lSj> u^kli 

ji Lu(_u }L£ jli k ( ij^jiil Ua« ) jilj j jJs k^ji jU-»J jJjU* 
J_*JI jj '>LS ji ji . ‘UjjiJI j^Jly ’- A # i jiSLu L»j»j iyall J*ax> Jj 4 

. C UkjljJu <Uw-u w kj_uJl r Lx-w j* jjUili jkfa n uJl ji lk>^U ji Jj'i iU*Jli 

ijj LHI ^_s i> jic jiiilSJl JJ j^LdJ jojuiubJI jl Jj^jJI ji kill j JJ hJLk^i 


I 
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( jjjLJi j^iJi 

jUu-)l LLia jJ . m . Al l —> OLI! ydjj jUiaUj Ill'll l 03^)1 juL j) yJjUill 
, (ij^Ull ft ) o ^liJi 

:2G-2 JU 

J_iU j__3ill jy+ft j j i*«l fi U5U 
J . It. jSUl iJjJl j(i. «!!jaj 4 l JdLuA 

i rt l j Jji J 

■ j 5 A*^ 1 jJ* Jl 




r LwuLi . j <^U *J 4j-JL . J*jX *Jl> 

jj-liuj jli rLuall Loaf) . ij^uil J. mU jii-uj 0 u^ - 

) o*jU-i« j*-Uj ji J! o&y-j* o&y 

jtfjJUl rft . "i *1 Jj_»Ii 3j JaLlI ki»3lS O^aJ* JUl>J jJ J>jJJ L-iJl; *31 

jij fJ ii_*j. {jjij ^ ji jL-iil <fJi^ ttfiku ^U3 yt iuL jii^i 
jiUji* iUp J\ ikxUl y-ii J ijjtill JJ 
'Jul> ji-j jl ^ IfiL^LS 6[, < 0 *^ Sj^J 1 Jjj o^* j#s«i 
ol ii_>^j (->) j (V) 26-2 yAiJl ji US jjk* Jijil &ji lilj »l^ 1 

0-SJj . uajLu yiUj J jW Jb (W 1 J! oPi) 1 ** op* 1 * 0^ 

J| J-* ^ lt*bi ‘>UJI JU ^Dl oLil jli <W O' ^ * 

UjuJI ojoJI o t li JjJ **£j >>5< vS/-^ 1 V 1 * 11 

iiuul' J««u 3j^LiuU j*ti\ t-ijJaX Jl J-" ji* jU*X ^ j*ll 
yju jj JfrijUl J1 V yM-UJl jUi LI lLl»j . O-^ 1 L>H J! 

, UjSu ,)) t5< *ibJJ 


- 991 - 









r 



:26-3 JlJi 

J—S Ji :ivl j iyjja!) AcUJi Ji*j1 

j-tt’ j» Will Lfd ^yiui * >» 
. JLA il yl\ 


( i&i ) jjjiuJ'j jjjLJI JW'I 

: ji ; W> j*jll ji p ji ^ixUjj 

J-U X*>jJ jj Lpli ,yij } y* jj fikJ ^ iL»lji» l*ji Jj: Ijl ^lj*St 

, JjSll flWJ <#~u)b dpw _r>I jj|j jyei jj ^Ual J) CwlJ*! Ljji 

ji* 3 }* j» jlJwJl «^j> Ijl ]jaj jl>i^u» uSjii II* J IJiyii oljLitf’ili j^ij 
joLLiUl j*jyjl jW jLJAxj jjj Uwjul jjjl Jliil ^jj jjhVo 

ji ji**i ji^UI jjJ^JI ji t jU-'JII ^Ll* ^ jiljlll '<4pi\ rJUJl jj 
j-lf j» < !' » *> * ^jJlj J^«a3 jjj jUm-I ^3 jjioljJ jl^^Ji*- jjiii»M 
j-*i B 61 *JI <_w A ^J^JI j,i^l^l jL*i jij y J ji . ^ys^u U^ulr ji 

^jA_»J| 4_«JJJ B *iijL>JI jl Jj^l JutfljU 4 jmuJL Jp*ii ^»T Ij^lj jl jiiil 

jiLiil wa*-il *» jSu |J jjMJu»Jl J>i ji y Jsi3 Ojjjl^JI ji« ^iSl liftj A 

iufcLii j^SJ ( Li J^L«y A ) ‘ U l l . J 1 <3^UJ| jlj B ■ . ■■ ■; A jli yi . Lubjjj 
• (■Hi* L*j wiLio iyii Ju* jiS jlj j,a->iyi JS j* 

Lbui JS-iy jjjj 4ij>al! oULJI 26-4 

jiiiiji jLil jSj , <1»j~ijJI ^*SJLf j*J jjjJI jl ‘JjLJI |-uJI ^jLu j* lili*^ jiJ 
j_P w i 1* » > U Lfy ' * 1 1» _ | yH». *>■*! icL <J jbiki jjJl Jjukjl jl Cyji lijjp Ijjt Jj 
ji 5^*Ua)l oi* <-*)*) <*I-J! fLil ch ij*i, jjJl JoaII 

4—il ^ Oujl jj j^i-uul jt$ jlj t ljj>- L>L> IfL pliia-iL Ljj L^J 

lJul j-t 5jUt LfJ| . 26-3 JXill jj .llw ^Jl ItLJl ^i£l 

JW Sjj J_S jij HIm iuiywi ij^i J»lj jjAiA« jjlT,* ^ jSam <£>y> 
jikuw 4_Juj 3 j_>j aJJjw j-LuLu lULJI jit ^yUl »Iyi JJ Lukoil will Lf^i 
ji b Jlj—JI jlj d - 1.5 m jj^JJ*5ll Jy» jlS I jlj . « iib » L^ilf 

3a>l*iifc-^-- 3 tPp =10 8 s 

c 3.0x10® m/s 

JjjOj IpLJI ftj^j * j ilL IcL ^ixLu i <Lii "Lui-. Jib LxkJj jl j^ll Jjjjiil 
3j*i J>y \Syi ( i ljjJ 4jji*n J> j^yi) I )• ln« jjiL jj jJjjJ 3jui-Jl jl 
lu^j IcL— J*»j—w 4ji Cd jt jj_* 0>y Lfjij . . II Ujljju ipj«y l*»l»i jj 
Ij-^ OpLj jl Lft^ii : ( ^jiyL ) ^SiL»MlL *j J-aU IficL* 

. jjj'J (2dle) Ji 3Ji>lj 4ib ^$i i jjjJl jlailaj L^ji j 

ji OAJAXrtJ Jla 5 ( LyyjP Ij—<1 JLa jl 3Ju«JI ._i.5lx>* O j&j Jjui 

Jlu |kfo ji ^kuij . LfjpU ji LLyi JUy jjj!I jLilu Ljjij ju'L J>yl icL 
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( 4jju ^alit ) jjjidlj j-ijLJl JrfiiJI 


; Jj US ijuJl 

ji p_Uj BjxJ! jli ;<J ■u-JL Ji-lw JmJ j! vlu> 

« jxj£i> » J_i> jj-wy ULJI ^flsj du» t 26-4 JS^JU ILb Joi o' V* 
^U>i J| WA 'in .. iSj> *-5 -a)I iiji J 6-* J*} uw^Uw 


:26 1 Ji*i 

j , \ y%_ uji 

t jj_i fL-ui 2(f iyt iiluu Jilij ji 

jLu JjL jjiij . i*lj * Ails » 

2 Jd’+ty,.)' * ib* 


4®UI ulpA uLJI^ 

JjVl uut M* 1*1111 iikHjL* 



j,j_joJl JJ ojjll j*ij ji Jj*li “tiuuJl ji aSjS jli • 4#UI J JiJ Jlj 
-UL yu»> jxils j# j»jll jjluJI , jj*Jl JJ Jjjvl Lj^ii ipLJI (ji 

: ^WJ^I 

Ojlu j-»j . jS_iJt ^i JaiJlf Jlfc* liLa Jj>U inifJl jli OAf-JJ ’iji 
■ j* i Sy li/li JSLUI^ <i^di 

U J ull J UJ>=2^ 1 + (ij() 2 • 


LpfiU LULi . dJj Jjuj v UjIjL <*j~h l+*UI yZ i*L ji MjJi pl*jj 
JJj ii _Lc_j , J_>T JI £jy j_4 Jjilij Jx> t m »jjj liij JjAAmUm. J^-jll ifL jl» 

; SAuJl SJl^J UAn i -dJjJ -L V jjuj X = Vtu: jl J/i jpi 
UjJjl jU =2jd 2 +(jvt w ) 2 


pj j4j C Ujlji* p Ijill yt liilj *j-tfJI <-Zxt ji 4ljj JBj^-JI pUij 

26-4 J-SLiJt jj j^U £tyll Ji jjJl j*jJl jli- l^Uy*i liutj. 

: o£i j 1 V* 

'*—;— = r~ 

; tu I«i jUjI Ji iiijUll six J> IU 


• J* ^ > J* ^ u! * t J> j 1 * ^i * • J 1 * 51 ^'H 1 J> i>< j» * 
tjLw] i'jLi J <->& Lij iJ-aj u**-i JS» 
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(I 0.5 1.0 

vie 

26-5 Jii 

J_P AjluiiJ JJjU Lt.iij 

vji i'i ulo jmi lit i iii > t j*jA 
. » >iaJ! At ju 


( <Ljjj ^tali» aj'aj ) ^oUl J^ili 


‘idle 

tw - ■ 

vl-(i//c ) 2 

•u> o^aju-J jiJl jj'JI aJI jIp JjtjJl jmj jjJl jjjJl ki 2<//r ji uj ft LAlji 
: <ulU)l AjkuaJI ujjJ to-sj |>j j*4 . 3j>lj K Ait » viijjko jS! 

a3L)1 ApLH \+^3 US UjjJI sjfll - * X ^ ^1 i>J ‘) 

LVl-(w/c)« J < y^lieUU^ 
LuLJl lijUl , 26-5 JUl jAij. . jn„i'ill JsIaa ^1-(u/c) 2 jljiil j*-y 
jt J] sj_>jJl jjL^ J*Wt IjA jl Ja>^j c vie jbillj Aflun i ll JaUa J# 
jlj U = 0.10c LjoP ^i >t . tya}\ <L£ J-I j* AjliJ 10 *p«j jj AP^_Jl -musu 
*—» JjLa*> "il Lwb L^yjju A-^^jJI 1 _uIjj»LL« |Jma ^3j . 0 995 jjLo J 4 UII • jjt 

Lijip Uii jit . aJj'^JI jijill si* »iu olxj,_u UlLi jilli ^ Li'i -u*-uj! c.-Uub 
"5lj if jl-Sl ^ uv A ^ -m u JI jll < L^lsA* c^Uo—»^Jl ^IUi 

. jluc'lll ji j ii . V »»l o^jIm i>U (jl (jjj Ail«*l> ^LjuJ 1 u-jz 

SAi_Jl ||U jjjtf jl ytfjljl . A^~ull JaUa jit "illil j"3l 

. 1.51 Ajyu* 0.66 tyLw >/l—(u/c) 2 jljiil j^Li jujut 0.75 c itj-u 
mj ill ^_Lo jiJl jjjll J^l> aa!> 1.51 ij*JI apL> jji i_ij(jWI si* ol»j» 

j_»jll jJsifcu aSjaaII icUl j|i jy . sa>lj lie J>yi apLi ji AjS 

1 1 . AiSlLjl apUI js y Jiii 


i,ub \^1- (u/c) 2 SjljJu lisj t) UjljJ-A J jlJl itUl jkiiw 

AJiUl ApLJI jit 0 Jl9-Ij 

jjj i.'i l.ml Lfjli A— > jji l ! sjjb JJ sjljJI oJLsj jl Jjyj 

jl (J_aJj Lxlsu jjLSI jsjJl jiaiki iSjJhill olcUl ji > ~ iLl i SI l^JL Ai!_j*>ij )i^J\ 
aJ 4_iij jA-tj j-i oiyi Jl«i? ji/u jlS aJi a lji( aJ 

jjaiiil cwL5 V Ubjlji* AA^Jj AjuujJU Oul^ jiil L^IpL ji u 11^ 1 

jjJl j-* iuil A ii .^'Jl Ai\>Jl jl jliJ'il JjJjP4 Aiplw js Uiii jsjil 

. Ip Li- oLw olj j;UcUl Ja (jl jfu pij . jIaj 

j_« LjJm jjL^I j-A^ jJaiLii Lj—ii jjp li Xpljj AjuuJL JjPw Afw jl 

a .--.*< 11» iiiLj ApL 


L. ^ jJp « JILl-iI » jJ j-»yi ji . j-#}JI JjMj sysLlsJl si* jlc jllui 

. ^^1 oLpLU Aa-JL 

jli yi , Ujjiiiu jLS UfA c«jyll gs*J* jit A«i»ail A^iull si* Jiku 
yh jpaa j' ojj-i ji> 5 j,hJi ohsj aplji jA ^Ijj u yj yj Jjju p >>~ i,.i _ i >yi 
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( iJlli ) ojpJlj ^jjUI J^ill 


J-*P LbIuu j-uJl jj jt— | «_L> pXJb JL> *bi Jj . <uL>j UM IsUu pit 

, i^JLUl iJJuSl J>i J> 6y*> l»S t p> oU^ iSp 
oj-pl i*LJi pC . Liib Lftpj* u* *P p • <L*i JUft J* 
lyjjl jjJueKJI Lai LfJ 4 juuJ1j Lib Li jjjLt j t»> f i Lftljj Itb JSL tu L'J 

icLJli lift o* pit Jst likj obi op jLiki Ljji jv**}j -iii ixU* pi o*^ 

JiA jlkjj . Ip pill) jSLJl jual^l IftljJ Lb JSp jkiiu oJlj ) 
. pOwxll jj jJI XaljU pu uL iiSL Op 0*» iftLiJ' luJaiki jill Oi^ll 

26-1 j>&>y Jl* 

« pp u » apt |_^LJ Ak *Ja J-a^i U «. op j i j44 0* p 4 -* *1LJl 0* 
2.6 X 10~ b S wL jiuyi . yia . jyu ip jLku ^. u » . * , ap-ll _p olu-jJ 

iptf J| 3pUl ai-ft XJO Jjjpj i Jftftll ^ L>L Op 0** pp J o-ud 

? 0.95 c UjIjuU JmII ^ jIW <J* y |up ! 'i» Jl* yt p«. ^ . jjii 

: pua JVjluI 

y_»o) , J**ll ^ Oi-Jp* CuJb 0.95 c Lftjljia p -*j Opl Jp 
jl ju)l . pi l pJ' pJ pi p>tjJi jpl if L ol vjlpl >P i>l 
jAt job j .I 4_i >>all Ic-Ui Ollu ^fjl 2.6 xio's jjjJlj . *j£j> op UUii 
' pul if La LjJU Lajif 1 j’ill pj 

J-ll vU ILL ppi ua = gjSjll 0 '* 8 = 8.3 x 10'* s ‘ 

' ' Vl (0.95) 2 

j$Dt |U>a>JI jj oljj %ii^j Jp 5p jpi! j* S 4 ^ "-JptO ^~pl) \jy Lj 
*-j JjL I miv philu ol ipi vj^J Jp Vj^N J* 1 ' 

ijj«*i X JI rjlii'l 

?10‘’s« jiuu » 0& lj] op 1 P ^p 4 p “Wp 1 ^ : ip 
u/c = 0.966 


26-1 Jlli 

iiLu ijtfjSt j_e j_vu iUI iijp—i I—ill aa-uLJI Ui:^fc»a O 4 p y/ j, 
SjjLoJ* <pJl i nii oji 3 x 10® m/s i j«aaJl o* 4 4-1 x 10*®m 

0l JLL IjJj ) . pSl J| J-iu p 4.3 yr. y 1.37 x 10® s jpLai pit HJj 0* 
ii>j p *L»j ii«L op-J ciyi o* ^ • ( P)-® *L 4.3 pJl dJj JJ oLl 1 
? 0.9990 c pf^, Ijj ; pjSl oLUL COU . pJl sJJj JJ CLjj Cl*i 

? iipJL ij 4 >JI oLLD ILL opt oi» p ^ 
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( ) jj/wllj u-jUI J^xkJI 


I ^la.b* JVjlLiI 


V *L«JI CjuJ %j* tfH yJl, ; J|j* 

Ll_JL ** j 4 —J i i-ili lijjl— LUi_j jhji\ j# oLII ji j^i : ol>Vl 

\mU\ Ji j^jll ^LioSl oLUS jttj . 0.9990 c yi/XJ 


. iuiJI BO# Jy> jijS’l jjUl 
V « £**w»ll» oijJ! olcUl ji : Jljw 
tSjtfSL- UlL jiji\ jUJU* ^IL ii£L L^S i±*ji\ oUUl l^J • ol^Vl 

_? U* jj£ ‘biiJl oUL ji jjju-, ^1 «jj| ^ U ; Jlj* 

. )/l -(vie) i 4 jamo)I JjUj jljjLw iLl j»jJ oUUl vllJj jjjuw : <Lb>.yi 

■ yl^lj k-/UjJl U>j jaj y^jSl oUUl 'jjitL.i t IJilwJij J>J 

rf_2(£ ; 3ji i ghlj^ 
v 1.0 light yr./yr, ' 


j* yt-oJI JjU*j 

t/M0.999) T = 0.045 

: Jjl.au Lli) CwlS jj «Lm)I iiiuL, oUL jj£L» dJj 

( 8.6 yr.) ( 0 . 045 ) = 0.39 yr. / hi j 

! Xu> jj %h Jii jtj 

J *j-* J-i Jb j*»}Ul pll y a»i jli cu-lill oj^j 

Jlj jJ ‘Ldtll iuL-i j*_k J ^ i <1 >jJI jjj J}ti. 8.6 yr. b j*i 

jjiUill ^Lill LfjU jltl ^1 Bj»lkJl boa J» . ou**i 0.09 yr. b 
*->«ji*Jl »j_» j! j_Lp pL* J-£-j lyJiil j-oll t *UUII i_uL>- j* Jj-aiJb pjljjll 
J Liu LiIj*c Jljjj- 


JjJaJJ ^^uJI ^LSjVI 26-5 

Jii) , <LUll Jljt% Jku Xui Sj&'Ji j y>) j^jjl JuJlw 5y»l|j Jtiij 
p—ill j-i'j tSUI a.U_Jlj J»j)l JOU JI Jj* ji buk 6 JkUi]l Bjjt 

V L*jIJAA Uj* bk-jll J^b-,! W lh>j^i j* iij^Lu ajkkJl jl Juh litj , JfLJl 
jlUJl JL*j LlijLj j jyh~, uui f_vili JJ jijSl j« 1»> Jjl» ^ 

, d = 4.1 X 10 lH m Ujljii iiLj ^jSl jc au ^»jj| ji ^jlll Jt jjjy>yll 

f' by* Sjl'l j« J ^ ->i UjJi J i jU UL jli b jjaliJl ojjk jti*j Jij * 
iill* Ji ^-b^l *s*Jji bjj . ol^ul c>«|iju)l oj_>j jJ» ilSL- L^J « ^Ijj»ILL 
. J.llafcle, Physics Teacher, 9,414, (1971) : JLJI ^»jll Jj pji LjUJ 













( OVj ) JjjiuJIj o-jUI 


yUtU 5 ju-JIj Ch oji >■ **^1 oLc^Jl ^Li J^_Ji ^ *Vj 
J^Ij j^LL/!ll jj J_ *J\ j>l Ljup v j» j>5U Uf« J5 j Jt 

4 _kj jySi jLLpJ i'Ju jj ii£L Lf $J »Jj-JI ui , y»j jijS'l ,> (Lull <uL 
I) Ujl.il If* lii j jAi J*jll jt Ifj! j_jSu* ^ CtfJ pfillj yij 1 )’ 

. wlL-J JsUl* If—JLJ Uji-Jl jfUUJ -UiLaiJl < V ll t J <U_uiL ji’L 

*'■;* -II LujJL l> Ujljiu <Uj^y 0>^3 jljfWV i^Jlj |> JJ* 

. SjluJI v'j j 4 J! <> ^L>j 
UjLJ 1>L1 LuJL j^iw y i ^>Ji Jj o»jSl ,> iil*ll <ji flu lf| 
x = vt ii%Ji Jj « <jj»Ji )*•> i dt - 4.1 x 10“m y 

: *ji JU pj>J! J*j}l *l>j iuLJI 41 k«J jjJI > , i .i Wi .* Lfji 

u = jbjH\ o-jJi = d * 

jj]( ,>yi ^li . pjkJI ojifJL*J jijSl J! i^iU ■Gi-Jl jjiLJ j*> * 

2t, = 2d' h jjS*. LfJ5 il>j)l dJSJ 
j*£a_ ,UJI UuLw oUU< uuvt 4 iJ.i.> < C»LL> J *i] 

^j>JI Jl oLmJLI v~^>j u' p <>j . f* >» J! j* il*j 

: J! = 

dt - vtt 


iLfliJl ijui-J ijuailL jiL) jL-»[ i>Li ^ <JM jjJI oLUh Jl S vj y ^jl ^u> 
jV : .■ .-. «!■.* jj 1 j 1*^1 j 4i>jJI jl Jjk; 4ili sJ*»!l <JL>jl 3 JjLu oL<Li> 

. 2 1, ojlji* ,>3 2di 

l*_JL yjj jixx^ i U*j 0^^^ o^jIaII Ui^ 

: UaLcLs jjjlll iK« Lel /J 


2 dr = y( 2 t«) 


2d, = v{2t.) 


LsUjlj ji Iwl *iu*j V **I - 1 jL* J}i L?l Jj * 4 

: jl i>a«j y<jjSl Jl oJj* ale ^j^l <#UI^ 




. IcUl ,>j i-Li j-*j)l oJkiJs jJ *1—£uUl 3lii—> IpL. u 1 ji 
: J jl>J d, HJjU* U <*#1 i> 


*"T’ieJ *' e 

: jli t, i»U luiil »i» U«j3CUl Ijlj. U - djv o[i dt = vt, J ,Jt 
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(t»jjj ^ali* J**iJI 


oImm Sju-JIj J^JI j-« M-S jli » 4.uu / Jl ^Li J^-Jl j* *ii *lu>i 

J_>lj jM-L'Vl ^ J—^jJl iki L»a*p v jk >5U kf*» J5 **jy ji jU 
<_0 oySi jll-rJ J»U« ji ijSL L/ fJ OJbkJl ui . ^>o)l j* *-LaiU tuL 

, V U)ku» Itj-v LpLi J^jll ji t5jj Uii uji- jj i>j* 

sjDlmiJ i'Jui jj> '■{ -»> 4mLJI LuLaiJl 4 .~i'nfl —.1 ou^jJL j£L J>jJi 
H’lJuli L-JL V Ujliu *SyU <Sj> jljfU,! (k^jj^ jji/ill j* JS, 

. oJaJl oLiii £tlj j« ^fcjjl Jj I^j^l jj <1>J jA*ii j^l li« 
btjllJ ilii io-JL j^L/ La^j t ^1 JJ ^iji\ j« iiLJl ji l^i] 

x = vt o^UJl Jlwu-'uj , J] e v_jj->Jl yy ‘ dr = 4.1 x 1Q 1K m j 

; *ji Ja ^>jJl «>j Jc^JI <1 >jJ <£l»Jl (jill j*\ll i >* i < L^Jii 

jjjl j*\J( jli i pjtjl CML jt JA< ytfjSl JI OjiU 4 i*iJl y£Ji j*» ; Jiulyj 
2 *, = 2 d,/u j^l+JS^ltf/*! 
tLofJl j-j -; SJ^jil oUUI OUk>j Aitkin jjSiij J>Jl oLLi> ji 'll] 
pj>Jl Jj iiLJil v-^ ui ffki -u p o*j l* j* J! 0 *j 

: J! 

d, = i it, 

*LumJI iiuLJ Iu-uJIj jSL jLJ LL J «iwJ yJI cjLUZJI J! s J^>Jl y* kV 
li l - .. -. .l.« jj Ij l-^l - il>^ll ,jl JJ»o 4>li #Jj«Jl *i>J UjLm oL;L> ‘l^j^J 

, 2t, Ojljii >3 2 [/ji 

il_J ^Jji jjj Ua_j jUJlill illj jk) 

; UftkLo (jjjlll 

2dr = v(2tr) , 2d, = v(2t,) 

UUjli y Lul i ‘UuJi iki- leL J* yy ^jJl u> ^ 

; ji jAj'ill J] OJuJl ok ij-e/il 'kUv 



. A_-i«5jSl iiLJI j-4 Llaji i>ljjl OL*Jm]> jj * 1 —iiil i vi—i kL ji jl 
ji Jl >0 d, iljljM j U j*}U oj* j* 

; jjj t, j*UJ A«m*JI 3CJt Ul*JL> 0 L»I Ijjj . t, - dtlv jli JJi)j dr = vU ji Jt 
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() yjyJOIj lkjLJI J*J 



j-* J-*yi iUL-y jj — ui IjJ . . f->>iJlj yijVl iiL-ll jli jj>l bjLyj 
. I r}*~> f*j u>£JJ i> /«** C'^- i"UiJ' 4ijju 

y?- 4 j|j 1 4 ju15 OLu I >. $ -w J^ i i u li 4 juJL --■'»*> IjJ <jj jjklisJI 

y-& y^Ldl y*-> V—dlj . U*J Jl* (jSL oi£ y Lu j-aii i ^uLii)l 
. Jl-Av/cf . w-Ji JjLu 

jb, ^ ^ ■ n , ‘ »l’ i biSbjj > i»U 4j»yji jjjt jjl y,jli^i JJ>J jjJ 

yJb-x x^ljJI jli 4 v LsjIjaj «j_u lui 3_^» Lll5‘ lL>lj|j lL> ji y 

#yju J^Ljuj Li *^.'1 jk_* j^js ^ju jL*sji jj jLs y U 5 ^>ji Jy> 

. A-(w/c)* 

yiLtSjl ^$1 •2*->^ llj i 4_Sj>Jl la-i oL>jL 45^-' ^ yiUSu^'l yi J«>5L| 

o_~uJU ySl_w juolj Ijj U p»*> Jy> jj~y« ii >>Ji Ll> Ljtxf 

. WAJsJl JjUl fcWt>Jj 

26-1 JLill jj > j-U (j_jj«piyi oLLi j iy jl ^Li 

jj J-» JjJjJl yjl I *? 1 ' ! JjIajj . (Laill ijuimi Jilj yLu y» Ifj f yj ^1 Jljj 
yjpll biH OUll jIjupI I iWijj , 0.045 tJSj j_i\Jl - J _jhS j|I _ 4 JU 1 LJ JjIju 
ji>j . ‘LiiJl o ,jj » ^ IjL* li> <L id jijd Lfll l jlfi till 

JjJsJI j &i l^jy? jjj jajil j*j yj JrfjlJl oift 
! jljill JJ yl»5jj«*p l*Jb |jl3 *Lii)l <juiw Jib y< yrfUl 


d ^ ^ 0.045 c^ ; = (0.045) (4.0 &.) 

- 0.19 4Jmi 

. 1/ = 0.999 C UjIjL iUj-y JjyLJI Ids a£ jylLxi ^lij lidJI ujIS'j 

. |tfl« jjAjbuw bUJj b'jsj <L>jJ( jl ^jjjl jjj j^Jju-u JJjJj 

- 2 (0.194 <i»») / (0.999 <Ju* / <d») = 0.39 bui 

26-2 Jli» 

jlkd ‘Ljj <)Ju Jib sjuv ‘LSI cj^ j->Ij jjk Lfjy> jLy sLdi dlj JLi^ 
v-iUi b-« b-»jbi ijj. jui Jy» jL<d dyi jj )o>%, ijij, IjjjS 

t ui iiUjy ^ JJ ^5y>JI :b>vl <jj jjly 4iu!i ijaJl 

j -Iajj JjJJI ytl /\>l jj . jUI Ja_b jJ-Aj ^1 d >^b yJ ; ^blu.) JVjjL/l 
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( ijjy |UJ>Lm OiL ) jjjUI 


yatd jUl ji yi> ji 4 JUjjljU AfOJl* oLy_u J^u 

. ■ . ‘Liill jiljJ CuJL 


wlUljtoll^ijjjuJIiijuJI 26-6 


A«mS L |k~»> <!iS j\j tuxi j£Lj^ Cu-u. 1 ! jl 12-3 i-tiJl J» LlJ lSJ 

j_t ■Lfj-Jl JLL‘ Ujjlij Liifc lj> UJI IJJb jlj i ijjij*, jljju 

lj-» r< wiJ 4JJU-JI Ljj^o jJ juw> jSlj ^1 lift Ljj 1 C i^aJl 

. j^N .11)3 JaU-J 

JJ |»-**> Jj->^ ji-i^ V J 01 ^!p t 26-2 p_akJ I j LwL Li _ yijji)I hit yali 

u iCj—Jl ^_U yijjiil Jjill 13* ^jLa* . tjjjl 4*j* oUj* 

L* ^-.» > jl tuu jjj^J j*iL*i slJllll J-utll ^4 lij£l Li" . i£j*l) jljjj 
: jiibd! ji *JL»JI ay)l Oj*Ul llUs j jjj sjl^)I jj 

v»y« + o/»v«+ ^ t 
m 


<UoJL; jjJl 4£*JI J> jjio lljLlI ei*j . Hy'j 01 p-»>Jl aJj 5 0^1 ii^> 

jJL , C j_4 Jjlil t-V/ + (P/m)/ jljill 111 i Lili" <ULj : Jj A*j <U^I k jjiiA'ijt 
. JpjJl u*5 ilL jjjli Cw^JJI *« jil^iJI Jiiu ^S) ol jj) 
,.^_a P/m jIjlJLII JiL IbjUl -uc v- 1 ijbjj a>IVu jl ij'i >..■ »ll Oli jli 

. Ia> lj#£ t LjJ* C i+jJ] <a^2Jl (> V OjjfiJ 'ii*>y . f jjl,|j 

jj£ jl .i/i OAll j,u 3i%Jl ji »Ljjj_<l JJ <j j» ~ t.i ‘u i tjLjji ojI jij 

: ijjJI J, 

m . , St (26-1) 

JT7J7 

jjuljH jJ UlLaiOLJ yJI iJjiJI ^jLw j»j i jjiJl 5JL«i mo 

r „.>H 4l.i^t.II ^.^Cj_Jl L^ImJ AaIhj yjl cliill Li . 

a_L i <Pj_*Jl aJiSJI j4*3 Jim ^jJl ^l^JI ^yolll 22 3 JiLiJI 
Jii vie jljJil jli 1 lilt mo j^LJI ib5 iui j* u»ji Jki m oyillsJl ibilt ji 
jli ale —) 1 Lii y 5 l i c j» u wiujjijl Liit jLifl jj 

. u 6 » vj* v ^ 1 ^ u yj VTv 77 ^vn=o 


m = 


fflp 

vn 


J—>JU ji j_i*j ^ 4_li 4 w^jjJ ^) >i..ij jl jiu L 4£^_JI u Oliil J**jj 
3^ pjli-J OilfJ^JI Olilli i *yal\ ol;^ Jl ifi 
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( Ijj}j iiilj ) jjjiuJIj J^iJI 


.'l.j ^ iLJliij * 4*4jJ li&u 

<-*“ y— l 5 ^ i> J* 

<4 _-JL _ JLiSfl ^ j)SjJ . liA 

L '*> *! !»i— S** J *J 

JL-5 L-. I'j^Sj . ASjaJt iUW 
0- 4 gjj-J Oi^ 44 * 44 j^L 4 ' ^ 
oW—» L -^i Oi>-ijjA> ai^ 1 

J—itS LfJj j^Lku j i ' i ra . i ii 

<> J^i jlJ* Jlju ) C&i-i* 

Ls-aL* £jjt i^isll iiiall j . Jjii* U* 

L-l^ iSUjj 1 _^ £l_Lw am 4 *>— 

E - me ' 1 iJiA^ll 0 * 4 - 4 *' ^ 

L~* jl jli l oU L>LU /j A-yl^HJI LSjiJI oi &*>) . I f- ii ^Ml 

SJsfll Ojiu jill I »>-aJt if/- J! J**i 0 > l£** ^ » "» c &J* 

. Lul+l 'i L.i* 

iiU»Jb dJi •>& i L* ^-i> ( ^jL3) ^ J**J jSJi SjUi o! 

uJJI UbJl DyJI vul> o» Jjifil Jiiil o£j i' rt«W >ll C.U/JI 4ii ^Uj 
£_j^)l lilt ^ Luli oljj/U JlL o& fJ l» ^>JI i^>> <3lk ^ lyl*** 
Ojj 4 c j-* oUj —i ±ls- L_>v^>w3 /"Jll Ilk Jfeuj , Jl£l>'!)l jViJIj 

ii Li v-w ji Lfjij L£ i j >n &»i* f-^ 1 <-*U> 

: oj&- dlj 0- LfJl ij , i^** 4 " !>**•* 

K.E = (m - mo) (c 2 ) (26-2) 

i i^^Jl ollJ <LLll J! * v <fcc Li^i (26- 2) ibLil 

. KF. -^m 0 v 2 

cuiui ^SJI oLUl jljii Jtj*j dlilj f—*Jl «/" uj& ^ 

HijLil (.jiCLJ ol ^ OK 'j !'« J i A>jJ ^ " 5J ^ ^ ‘ f - ** 1 

4l3S olt vu *3 o' V dL> . r *JliS> UUi -LoJ im»v z ji (26-2) 



jijiiii i x <*; i k^Jis ij| o! ^ i * JI J! ] * !u * - °W * 
i (y/f) 2 <«; 1 0L> y x jifiivfc)' 1 jljill li*- li| k f! 1 J*y 1/Vl X £l+|* 

w»= , —g/nn(l4^) 


: jj^jJI ^ (26-2) iljUil ra^u iljrfj 
!" 


KE =mc z -m^c 1 zmoc 1 -m 0 ^ -~m 0 v‘ 
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(ijjjj ) jj^iJIj ckJUI JrfAll 

ill; ojLS IjLi , ^ .i > 11 I'nlicl ^lil lilLJI jljiui LfJjttj ^ . mg c 2 ^>JI jjju 
Jl_L jjjjjii jk-o^il jji mi iliS olt j* ‘lj>l j^Sil »i jl>Ij jt jjSl olkll 

(LLaII LilLlI jojLS lj| L_il , (26-2) UjLuI ^1 i,> i—<I vlLkj« »^_k»Ji jl 

UjUll ^5 » ijjup jj-iy p—>J> jLi i JJi j-» J—*i (-‘4 1 

^1 oJl ijj» jii i Ulb JL>JI ^ USj ) . IklS jijis KE = ’mV 

. ( JjLLa> ji Lf>ix 

myt:' 1 j me 1 jdO»JI jjj jjiJl jD ISpJI ol_l> ji (26-2) JJjUII 
(KE ■ 0) jjSLJl Ul> y t^ix* ^*>Jl Jiw ii>l jy-auli jfS JJj J& ijU) 

I jSUi jJj . jfti-JI <Jai iiUj <At jiLi u l . O-iuSl UUai 1 jAAf 

pljJI J_S ,^JU j-fko ji (ji«e (26-2) UjUIU iijU ji olJI ji jkui 
Ijj&Lu I« ■ tJlia jli k U p-*> oLb ^i >u jVl JjUkuJb <it o^j' jJj , iilUl 
; ^UbJUjk^liJiSji 

AfJ = Amc 2 (26-3) 

( jjiiJ ^jlu j^li j* j*) E = me 2 ljy> ii5U)l »jj» v_u5u l* CJij) 
•*i /l, %.j , Ant - AE/c 2 ijyM$\ Liu I i_duU jl j5k4^ (26 3) iJjUli jl 

j-» l*_I jl^ 3JUSJI .y i-plll ji j-oSii j/il jli i Jil» jli.c a j 
LJJU U_m J»Iaw j-i)l oIjxjuJIj . LilUl i olj^ji 
tfyJl lilt J »>UI oljjtell ji ttWJI o>UWl Jl*. ^ • 

Ujk l*i . ilsill LimJj olji« j ykf-al jl j< ji-9 1 
ikklj 4 Jj 5JI jii; jli i Jbaj ojji k^jUli; ok oLkll y olj^i 

(ijk- US jJj. Jii< 


26-2 Jli. 

J! J—-4-^ ^ j J*ij ( J^* 3 ) ^ji-s 

oj_* iUj— jja L». 1 MeV L*jlalU LS j> lilL jujk . y L..jSa ; oJy jjw 
? bjU*! J.IU ji kTi* 3 (/*i* 

t yjilak JVXu 1 

f 11 a l j !.«*.■. ! KE j,*; iijUJI k-ijwi uyS ; Jlj* 

jl . jjjiSljU ojSJI Stt yifc V v->3 ji dk : oL>^l 

ji kiu>j . m 0 c 2 = 8.2 x 10 H J = 0.511 MeV jli mo = 9.1 x 10kg 
(26-2) UjUII JU*iJ d&r) j^SUJU oolijjiiWl ol» jli KE = 1 MeV 
l*J ’6j>i\ tilt uU 
? (26-2) UjUII j iCjJ! JiJl JjS : J'j. 
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( fjaU« liili ) jjjUI J^iJl 


y-» lit *-*4$ 'jjj (26 1) iLUll aJjSJI juuaJ 4-»l>yi 

: v/c iljlw jic J-iavw (26-2) iJjUli (26-1) <UjU1i 

± 


E=m 0 c' i (- 


Wl-u 2 /c a 


-1 


^ U 4i*Ul 3LUK 11*1*0 iULStUlij J 3 J 1 

KE„. 1_ 

m 0 c* Vl-u 2 /e 2 

: j>o 1 v yill jiij 

1-^-i-J-= _L_ = 0.114 

e 2 (KE/ro„c 2 +l) 2 8.74 

c\i } j&)\ oi iS\ . vfc = 0.941 jl (o 2 /c 2 ) - 0.886 *1 J*i U* 
J'jui Vj'* 3 oUjj5S3')ll «ji* ill5» i i If* illiL 94 Jl J-BU «J-U 

: jjSJl iUS 

m = -72£=- 2.96 m 0 

V0.114 

l*S*w}(£ 4 aJ^iII (j*c ; 

! 5.93 x 10 8 m/a * 2c 


26-3 JLl* 

UjAUI *LJ* ) lL/i 100 kcal ^ 100 g Vl**£JI 4$U»JI 

1 cal ji Lii— U ,> lii/ j5j . ( Calory \y^ 3j>jII «jj* jy~uj kilo ojMH jt 
i>liil tflkJI 34 420 kJ Lf> *>00)1 o* <ii ‘ *il]sJl (> 4.18 J jilif ijIyJI > 
, iili J] o-liill 3itf JS J (> oWIj iilWl »i* jj\i 

; jli olUlj iliSJl SJjL*I lijJ* : jl&w JVjuJ 

mWlaAmc* 

t J»i L. c * 3 x 10 H m/s j Am = 0.10 kg UbJI oi* j) 
AiUaJI = 9 x 10 iC J 

ll_> ^Ju> j~6 .jic 'i'l J_a>J ^ Lilli J^Ll Lai# Lwi jjJ Li* 

i.L)L*yi Lfiill» j* (5x 10"") 
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( iujy ) jjjimJlj ujjLJI J*m)I 




ob^ill : ^liJt 

26-7 

- 1858) pLi yjiiJui ^ yi J?*j 1900 (U y* 

Jj'lS ^jJl sjjZxi LiSlj i cJjll JJj l^>aM ja yl y« Jil LlSj lx (1947 
LJ.Lau jj £-• dM* J»ykll j*J . jJW * IjilU * Jji"> l> 1* 

tljj-JI pL-*»Vl Ljob ylL <, LJL jifi <J>L pL>i y» JjwoII pL-)'l 
jiUof-ld |^» vimAjJl fL*J)'l axil 4ijiJl oLLi!! Ojlii jij . (11-11 ^o^SJl) 
Jj_U< ji*jj JjuiJl «111 j yi jjij y*»Sl x*>jj J>fl Jill ji iiiLJi 

j_< kii lj —6 yli p US’*. 26-6 JkiJI j JA*j y U ^yi 

w-Jii olj i JL^hll y-» jJjil jxll ^ <i>y» Jiy»* Jail* v1»a^I £1*4)11 
0* *j>jS gSp li jli . Ji > 5^ . *1^1 *=-J ^ Jx j jU4?l 
yi-j Lijl^i. M 11* jily 3jlj>JI ot>yi ^lijjl £* ^yi Jill JJ Jill 

, y^*>^1 i*jj JJ o^UJI <> lijk* jJSl yjSU yiUxUl *>jJ JJ J>U*)I p-*!l 

^1 JL-j)II oljiy £j-i o-p J*lLu yi Lliii t oLL»Lll ax* jSJj 

Lrt-yi Jl^laSl yi Jxx*j . y*Ul y* ^ 

JjJ> Xu*j . Ia> lyxi y^Sj yi i/J lijjilll CiLxJI JJjJ yjj i li> luail 

i Li J y*L ‘AI* 1000 nm ojlxu ^>u 

■>jall=/= -f = 3xl °! m/a = 3x 10 14 Hz 
1 A 10 H in 


:26-6 JiL 

Ojl j— k5 JL-k yl . J >Ji I 

: U >Ui iijiu y-jL; jjiLa 

4000 k . ( y—LJ ^k- ) 61100 k 
C L^*)3000 k<(y_li,>y4>) 

. ( (Ik yiU yjXa k jj 



jj icy_Ji fli^_i juOl jic ijiLi oL>*iJl o| iJyll 'j* ji 4 Ji>V 

pUi^ll siiLvll ^ yi Uli dJU Mvij . ou ->3 0,1 iLui oil oUly 

, 0>LJI p-*xU ii^ul oll|}>Jlj oljjJl J>b ijifll oLxill (> ^-^UkjyfSJl 
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(‘OjjJ 4jio ) jjjiuJIj o^jUI 



£ij\ i«; A—Slkll ^ i«i'ujl i«4 

ji}i i ylc 4 * VL» ji *4 i-u > <jlL 

ijyti y*~i T* 

• e 1 


ji i^jJI obj^jill «i* Jiu jiJl ^jluJt 0* 
jlfil Up ‘ oljjJI irfiliJ i^lsi olvj» j* 4 ML 4 tijk jlS y* 
UH 4 jJL Liu jLjjJI JauJjj dip- ; 26-7 Jiill P ixrfjll Oj^-eJL 4Liu jSLj 
lT^ )*♦■' oM**j x^jjj jli i jfl>i ^ 3 ^* oi l ^i > j 1 4$U' 
(JjjujJi) ^ui yisj ojujj jjyii j*j i fo “jjjj i*-yi»iiAij^s ULij y ji 
. dSMrf <*)J (JJwaI jjJl jJ*- Ji^l ji® - Ia* (111 

i~i 1.1? jJ 4 ^jj-uJI *3* 'pfll £U*)ll oUy#J £«*» O' £*•*' ji oi ^1# 

j_udl ijjli oLyfeJl cOlSij • £*>vi? yu ^ jj-Sl fMcJl sJ-»j ji 

ja_» iLyJl i^yi Jiy»Sl Lp 26-6 J£JI j ix-jji! oLLLll 

dUMf J] J*aill Jyyj . #JljWl -Lfi Liu <iLl> oiyjj oLpI tfii 
^Ul J_^jXaJI jLS Ijlj. Pj>oJi £-1 jin ^ LyiiJl Jjj*: Li*S kJ-uSI jill 
o' y» -m>yi jjP 11 ut j>J'j • »j<^ j <iy+ ^ o' **! *1*-; 
jLUl Jj«a»JJ 4JJ L-Ubj L tfl JjLuuwj . 0-*»«-sJI 4jl»']lll Ji j-iL 

. 4^Wl j# 

jJI jlej ^UajJl jll j iiljs Jluuu . pJLu Lb 1 i-iXijlt ^Uw jlji*l <Am> j] 

iJlLJI o^Lij jlLp Jjjll 5 j(}Si»“il i*-< J ‘ilj ; LilJ fo J* oljljlA'ill JJ y ji jt 
j-»jxi jl 4 _iii jySj J 3 jl^ll jji ; d>^L 0*3 y ^»L« j* LSL jlS U LJ>j 
. p^ui jt j^uu (jjk* iiiyi 


:26-7 jS-i 

. 1900 Ji jU jUkV Ji Ji! 
i/ _J> JL Jj-ai Likili CiUjJaJl ji 
ta—fc»* 
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26-8 Ji*i 

i ) j—i. ix ji ic JjJ y» £bu* d^ 

jliii j_J>tlj . T = 1600 k U>iL 

ij(j ..Ntii ^jJ&i)| ui > AjLmII CJJLJi 

& A*U<u! uU*fl > MjSj 
JH*i tr-j ^ iP-J ‘ dfd 1 

4 _iift (i) jjH 

iUij ljULL j 4 j Ja jjij Lf jl' ( 
a) — »« i i >d y —*j u»»>4-Ji uUj>s) 

. Jijftii Jluu i *Ju 1 £ 



dji^ »ljU Dtj-.i jUi ili^L jli ; dj^vd' £* Vj^ J! J J ji ^ 4j 
L*ji i-LS ji 4-^ ji j»^i ji 1 XX* jj* f 5 ■ " '• y * 


; oLLlL) La} ojjlxo 


4 ... i 3/t/b ; 2 hfo c /i/o olilL ^ yiA O' /» xf 

iiiAj jJ UlLU pd dij. Lii ‘ n hfo 

j_jj iliib ouli ^,L bjj*4 • jj i y-dllll cuL j»j h jlj*ilj 

UU Jl>* 1I JyLII p p~ jLti Jj Jj*jll Jfi jjli »ll «il 
: h. wj jj£ Ljup ( 26-8 ) d>UI pLVil 

/i = 6.626 xlO- M J.s 

L> U\ oliUJi 4 *aSj j\ jtf 0! j[ , Li*i» iijLv'l J ^ o±j » 0^ J*J 
U a ^JU j3Li iilDl oi p»*d ^ J#* J^ 1 Ji X^ f 1 ) ^ 

k iliu ,loL <*t IfjjlD jUl j*o&b i 6 * Quanta oUS jl« 4 * • 
yL-J ij SjU! 4-ib ,> d£yl£** pLi £» JaUaII ji C'IjaL’ «*i ^ ^ 

. liA jidiiJ 

^a>L (jl UyU J*a]I ^ ^ < ^ 5 li* l5^J 

. d J— ij J»H±4> . mgH L-53L jLJ <a!L u! ■ J^ 1 j 1 /*' 

ollcUa d^A LJi ji ini*! Jj-L#3l <y* "^^4 o»^j 

JJJjJ SljjL-AJ jJJJ U— lj-» ^^Lu . hfo ( <4^JI ) pSil CfcJJJ) 

^1 oUlL-^4 . 100 g y c J-«ll JiDi <J3S jfj * 1 Hz OjljA, fo ^iyUI 
; jA L(_JJ J^l JjjjuJI d»i-J 

ffl - (66x10^ J-rtlsj ) s 6.7x 10* M m 

mg (0.10 kg)(9.8 ms -2 ) 

(>pU J Hs = 3ffi = 20xl0' M mji H 2 = 2W, = 13 x lO* mji 
. Sj^il! pjyi dJ lj ijljlA^U ^1 iiidjl xy ji jiu. 
lO -113 m _pao ijljLilU Lf; ry~tJi jifid" d& i>i 
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( ijjJJ Aj^Ij ) JJjjuJIj u-r jLJI JhmJI 


»I^J! J>3) 10 10 in ^»j L» Sjj jLi jla ; J*Uil ji» dj")L Lu 4 -,. 

j*Uu jl jl li> IjoS jousl Lf r y~A\ oUliij'ill j£ , 10* 14 m y-j OjjJl 

dJjJj . JjjJI ji Ifu JjLuil ^LJI otjljia'Jl aI 1 »! J5 aJI> y oi» jl ^Jl^Jlj 
j'uul olj Vy+Jt f h‘> vo jolvu luk SLii! oliLWl oLub jjkLij ji vLuL S J 

( A^low jU^I ) SjtfS 

yJi J| by~o£\ — 41 jLi" Sis 4 lijjj Ui^i ill'll A>lj IJliftj 

j< ^iul jij , ILL j^jil ^ Lilj jjiy ji ikjji j>LJl £l*i| 

jiJUj . liliJ J*>L*» t |i^>l Ajjijiu ^lsuJ AoDIj i OjiauJl olfJ ^yLjvl! J Li>')ll 
J« s.'L 1 $ "jvXtf j-i!j i oj^_!u a*^ - oi^i 4«U3 ji - 4iii}U Ukki 

. iUaA^II j* jji ^-oii ^kj A>,»>-t> If I U>^l \£y \Jiy Uil ( j!p . Ifi 


V wli^J fjfio jjiiuji tjui 26-8 


dUk jl jLuiuyi O-iii 1 >JLlil ^lc 4iljL y*> j< jisi JOSJ |J 

jj*aAj ^k '.i£k jtf j±>j h . dJ^ CyU jju Jj- ^jlsuu Ovu]» S^l£ 

( vJUjy ‘j-uiJl jl ijklJLJb juLLI ^li 1 iy Jj'i’ yy* J^yi* kl^l Ajj*J 
jjJl - jijj i ajj oLtyll ^\y. aJ jl Uloi oLofll je\y*J 
AxiXaJl f-LiUiU lull U y _ Jaj I14J jO-J 



Jjl vjl x-J*j j_» jSLu ij jjl aLL/ yj ) 1887 pk yy* i_iij^l 

LJouuo* jJj (jjJi ^ j-o oUj^l Oliil jk jjli o^»]l ji ( AAiL"5l ol>^i 
olj a^ ..ur.;,^ l! stl oliaJl .vALLi Lok BjjoLii yk Ojl> U jl j7l 3yS 

Lutu Ijyft jl 1 uL» ^ jk oJjL. 1 IjJ 4 5joaill L*$l! Jljt^ll 
OL_A*w L_*5' Jl)if)yfr£}\ y^Lt S^Lkl J j_ft 0_t*wj| , 

. olifjjjiiyij AmuII olijji£Til 

Jjjij rjj 4 ?ja» 4 JiyijyZW y*i\ SOA'-ll Ijj>S 26 9 JiLlI 

£_»xJl ^i_u yJu> jJLw »jJJI Ilf 4 5jjJ~n <0^1 Jik 


/wjjUI-w f-L3 »j>Ij ji jolkJI »k ciLoj |u , ( Lj^L oi> k«>Jl cl» Js> jll^j ) 

:26-9 JLi k ^ 4*,ij>4i BlLu j^i» Uxkj . Jlill ^ U5 

, OjjLJlj LlLf-i lotiio »j Pjill _o>.'l ji JLj^I Jl y&i ij^iiSl Jib ^iaJIj 


lil^ jliiiUJLiJI jiy jli 4 ^jUl (^k yjs Jjl ik 

C> JJI Jjku C.Uj^]*)'I ji ^ jUIl J)y* »L>Jl Jo slu> 4 JlyL'il 

jj-> oil 4 r j_l]l j4>Ly *13 Ji ‘j-aJI jl L ^Aoil ji^ Ji . ^ 

ii oujjll oijIjaJI oUall ob oLj^)ll ji o^jJ oili f U>L jla 
AjyjjJl Oji^JI 4it»4*oii Jii 4 J])j^ 4H-J UibJI ji jk Ail Vjjf-* 1 b* 
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XIX. 


(bjy o- jLJI J-" 1 ’ __ 

^ IjLp 6L» ‘ &** 6jM y1i\ ai* U#-y . 'J*i ^ d* ^ d 

4 j| ^ 1 . *ib yJI l«iU-* jjJi Mi ^ ^ ^ -> ^ 

Ji <*l*< OJ 



»-i» i>J—^ 

_k ifU i*im» j*yi &*i • V** 1 ' 
. jfti 


-^iii ca^ *» y-i* » cm- jfc* **-* ^ 1 Ji ^ r 

( Oiiat ^ oULil M»j) iyUI OlW £* ii ( ) ^'«* c* ^ r J * 
^ UHfUl oUj^l Ji yli*^ W !> W ** ^ ^ 
v: j i \\ t ij). yJI Ski £. Cj> y- 1 ^- J UI J^' # ‘ 

. (*yji sjj ^ ^ r^ ° ,,Jlf 



^| JjJLII *1 ^ . ijilM (M p' 26-10 J ^ 1 C* 

5 JUI J jUI jl#ai 6 'j * SS#B ^ W J* 3 ^ ‘ ^ ^ 

>L :- f ^ J> oli \*yi **j> J»j*- ^ ^ ^ 26-9 ^ ^ *** 
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( Oj4j ^utUw J*»f' 



:26-11 Jii 

Jj_W Jj L~A£. (jjj3il)|l iiUj ydJiZ 

^ lull ll* JIhJ • L^J * 9 
• fjK *** 9 


Jj-bJl jfjb £_« jl^jJl Jii ji Ji»j jiJ . ix>fOjjf£}\ 4*UJl ^ ^A 

j\y> j_i 4_e vuu AliLj oI^axIi JU»j . 26-10 J5 mJI y o^>il ojjdb 

jUl j->^ll Jv-bJl Ao j . jljJI J^1>L^ I.i h»1 Ao pi cuts j|j i 

( \y_o ojJkP 9ijjlJl ^ jUI ji^iJI r+*i 

^iA oUjySJj >il-jyUL> jj *il ^ i JuDb IjL^I Cil jiV i H 91 a oLi jSSl j| 

Jf_bJl 4_*Le jJLlsj U yhy Ao ^.c tj-all Lj —»>jll JjJJt Jlj IjJ J^'-l» , ]ll 

Jj-LJl jli lj] oLjjiSJ! jii ^ SJui oib 

jli Liuui jlS L^i ol LS . Ao jp iJljAI? jjJb j)j Jjbi tjJJl .ill) ^>^1 

^*sJI JmLj jl i Ao j« j-oli JjUl jtS Ijj ob < jjiSJ')ll 

£>Lybl UjuP Llj* ^Ij Ao Jj-UJ i-otiJI iuiJl oi» £)l)l Ja 

. rjJJl Ifi* «-i-o ^oJl Ajlil ^ic objjuSJjll 

jS*jj i 26-9 J_SLsJI i_lull BjJIjJI y-Jj i jj_*i Lj*J JUaj 
J jJ) Cilj l-£y& Oj> 4_»jJ di_x» i 4*fll drULuJl jj Aijll Ifb J_f*>JI 

j-* Liwll! oU^'il .i AilL y-l£ i ^1 _pb iijjw 
aLJaI jjJ^ ji A—oUa^Jl (> j+>JI jxiu fLkL,L 11 a ^ ^1H 
£-* jiUuy y+j ; tl»j» jjSb ji i> ^ tlJL j^ll £fJ J$ £**aJI ul) 

J_flj L*Ju# jJLJl J] l»ff^ opijJl y jlll jbill J*»«i U* ‘ 4+iyj>}\ c/bjj^l)l 
jySi ( (JUbyt J^-> ) Vo Of-xll ^ AaoJ JI j-^aJI if>Jl 
LjIa £jd 4jj^! (jjJl JA-Jl (jjSb Ciui ^ I/-J jljSJI 

UjIjL if>JJ jj y ,a Jj^iu jjjlSI^II iiJlj fiVo ja ( xi^JI J| £)Ul i> Jiiu 
, Lilb ijifill Cibj^l jiSl Aij> AjIIjJ l^jLa y^Sb ji JiAll lifj . Vo 
^L5 Ala^l^ (. 4+>yj}) obj^SJjU Ailb bill Jfi) 

: Vo JtV?l 

(KEU = eVo 

LiiUi i jl'.Vj. IbiL-i L>v Jl*l>Sl:ijbtill Vo ^*Jb Ujua u+4 c^xu 111 o^; 

b*S t UJumA lk> (j_jSb I 1/A £♦ (KE)m»X y,u O'iUJI 
^ tKEU Laj^ ^ ^iJI A A»j jl i -illj J! JLtfi . 26-11 JSAJb 
: UL>JI 91 a ; A = mx + b ^JuJI J»iJI iJjbw . k j*/ill ^>11 JjWl 

(KEU-^-B (26-4) 

. b -D ^j-Lill *>»JI J^»jj t m J->- A x Jjm 1/a J_aO ^-> 

lib* o^» * ^11^1 Jfi yj A Ui ; »jU ,> B c«(i)l J^j 

. 2.0 x 10-“ J.ra JJ 4j*£ J^sJj jiyi ^ufJ 
. i-A>jll Lf>l»il il'iljj cjIoaLiII 91a JS jo-Ju) ojjja o^Iawi cJIj jUj 

, y-ti ji ^J (jtwU Cali kiu» I J^Ub tfiy^ C*lrf jj if)| 'il 
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( iujy joslw ^jLJI J^ill 


jjjl «^JJl o! ? jJty j>i» Jy*j J! 6*y ^*3* J3-" ji*i 1 
djb Jjjl c* u-^L J£i* Jbie jJ i Ac (> 'iUi Jii A ^14l> 
J^jAfl j-* 5LJi jJH\ c*WjM JtjtU J)3 £*j . Ao ,> 5M* j(St A 

dij Jib Ao o-» ^M* lib jl j*> J& > oUjj5il')ll 

jyf^j ^ljuL- iiijjssrjli >>j J ^ J*** ^ 2 

CjjliJ! J ufi cySji y LS j*3- ii** *yii I <iU» j| f jW' > ^ ^ 

. voLaJl p-*Jl jJ C* ^ *^3 

jjj . jSSi jaJuJ «l*JI c* ^ O' °4 '^*3 

■.■i t n oLilt Jj> 1)154 jlSil lL*ij b <i5l*ll »^* C*«-4l U** 

^ Jib **jiJi *ija ii\ J* $ y -ui ^3 ^ 1 J oW >» ^ "^ Wl 
^ \ijjujj J ASIUI cli i ^ Uj^-s ^11 <i*>14 IaUSJ ^ j* 

VLj-LI jli 1 Olt J** 1 L-uLliwjj^i)! ol**il cl ^3 • (j* 3* oliij *£* 

..L-. ■■ ji^il |j| *JI Jt . *»U4 oil? J*-^! cl ^ c '*3^ ki “* ^ 
jl . ^ J_i^ oUsJb ^ cl ** W ‘ «*IUJ <*«“ hj>4 fi 5 iU:l 
^ cw j*Ui «-^ W# W* oUij ^ > aiul *J ^ 01 

, jipU 1 ^ r> *JI olkJI 

SJlLJl c-i IjJui jii bli i 37/i/b jifil S51L ci jajis\ i j^x** C^ 

jl a -^3 36/t /“ ^ ‘ ^ ^ *“ , ' Wi 

di» > dJj J-*ii jj uSJj. iU& jM 1 ol5lJ? $ ^ ^^3 1 ^ 

litui i-i*i ,J* jiWj • hfo l«silb >» ^! 3 I •>* i*fi *• ^ - 15 03^ 
^1 jjuy JU cl U ijuSjkj . c^y 3 I <U* »i* 

J f .i . oUjJji i y-i jjJl iiUJI fj> j> *l-A-» j* C3^w ‘_ 3 -aH C4 ^5U 
. hf UJjL Ailb AUU 1 r UjIjL Ap^ J^U oU^ oj* 

: A^uIsj jUill *-oj *^*3 

. obyyJI ,> jLu ,> (f • c/A jj^Ij ) A ^1 J 3 U 1 ji ^1 <-> 63 ^ 

. A/ 1 UjljAi iilb oy? 

Ji\ Life , oLL^JIj oljjJl u ^ 1 ^ U>^ J/ 'jyi 

J>y>b £Jl ^1 jl# i4>U c^> ^ 

j Jr ilil oUjJiU^ ^ r jLiu Jj- If 1 !* ■ j* ^ *> JI ^ °! 

dj5Ul iilUl c-» jfSl Cr^ 1 311b cp U*3 ■ L 3jU< ‘3^' ^ 

^Jjl Lt»JJl ^ ji >iuui3 oLJjuJfl^ c!» ‘ ijUl j* J X^3 Cyj^l 
^ii . UOJI JLii CH Jjl j3-*3 5jl aiL ^ IJ i U ' ■ m J* ^ ^ 
f lL5jl L»jjj ) . )UII Jfi 1>5UI .^ill oxi Uf C3 j^! ^ ^ 

4 $iyi c> * 1*3 J 3 I i> w £"*3 • ('j*-> jp ^ ^l 1 ^ ^ ^3*®^ 
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r 


( l/jy ^AJl J*i)l 

: 26-1 JjJjjJl 


SjUiJI j\ji\ ^ojLt} yj-ill II j*yi JjWlj jiiJI ilb 



<0 JiiJI Ulj 


ijUl 

(«V) 

10 19 J 

nm 

i_bUl «Jalo 

r^^i) 

2.10 

3.36 

592 


r*>- 

2.14 

3.42 

581 

W 

f^ J y 

2.30 

3.68 

541 

W 

t^yi 

4.28 

6.85 

290 


Oi^-^j 

4.55 

7.28 

273 

jy 


4.65 

7.44 

267 

jy 

UJjtj 

5.10 

8.18 

244 

^>-i“ji oy 

0*^ 

5.65 

9.04 

220 

jy 


. ^Jyu Jyi> & Oyji 0 U 9 J liUi iyLu ^jUl o* UJ^J] ypw 

yt sJLJl p>jl o» “y.J 1 ^) Oj/^ 1 ^3"^ fjk J** (#**1 J*} 

JUU^I *l\ = <t>=-^=hfo 


lijjjl Jjj liuu ijll JiiJI 4Jb j4~*ij <P yj'l) JiiU A»Jl lj* J"i ki M > 
Jyj >yj)l O' Cm J-^ J-^' <-W U» 26-1 ‘W ** 

. iljlill o* olij^fl £ljSfl C.UUJI 0* 4*JI j pb tftf 3» 

ojj h 0-4 A 0>^ i$l ‘ <t> 0-4 >*' OH)* 11 O^i 

|«0> O' uS' ^dJI 0* baili JliUj- Ui[j > . !■■<>>» ryU' 0* <j OjO^?' 
^L*JI 1.1 Oj^l jK ♦ JUJI Ji#J A«y he I A oyyJ' 31fc 0* 
k OyL-0 ^ olliU luJL, UiS* Jj jb; , ca^u a> «u» •<** > 

1 </• b o' 
(26-5) 

. iJjWI ^4 

sjjiyi t (-*mv 2 ) uuu 0-* J*’ 1 au > ' ii ^ 1 ^J-^ 1 ol 

1 mv 2 o[* l&*j • bill yUi o' Jj w*»* oUjLuI o°y^ 4^ (26-5) foUll j 
5J> j-1c x+, } . (26 4) Uibdl j-J (KE)mix 4-ii ^ (26-5) UiUll 
. he oySj ol x^ (26-4) LJjUII A o' (26-4) LbUll ^ (26-5) i-bUll 
j^L-iSy /ic J-AJL, j_»A o*L3J ojxJI i-wiJl o' J1 Vj 1 -^ 1 j*~*J 
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( lijy AiiL ) jjjiudlj lhjLJI J-aill 


JB oyliU ijUl WJljU. jj>jJ LS 0 JaJI ’OIj cji (26-5) ihU 
LjLJ l u l l* , L-ijUu Lpxyu (UJ ^1 Jiill SJlj jJu ^ (26-4) AljWl 
jlS IjJ La 5jLa v^A-Ajuu 4^jyall oLbaSJ^Il j! o-~i~i .»i jl ^iln ,ji laiij 
j-»j hf jjjyJl LiUti_j . (jijjiSJ'jfl dJj jjk) Li IS iiUs 4J 5 jUI ^ iiUI jyyJ! 
j~*i i hdh j£i .a i A/j ^jil <JjL lijJl jyyUlj . Ac/A Lpi* 

. ■*—uya ol—jjyiJ] j^Uil jic jlilb jjli jyiyjl Ijjk Jl«j , (j) JjuLlI illj tf)Li 
j jL 1>’)I j_iiy La4 jSSI oLL Ao jj _wa3I v>^ Jljtl I 4 J olluyJI Itl 

. iSiilL ijyo ^ic illkll jiu'i j^ni 1 jj« i Xuyi oOjyil 

26-4 j>+!>y Jli 

S 1240 nm ^>*ll o*3 frL-SI iaj* oy? *jlk j* J 

. jit* MU 

. -m ”il - hr. _ (6.626x IQ" 34 K3.00x 10 « m Is) 
jyyi u a’ 1240x10-* m 

= 1.602 xlO-‘ 9 ,J= 1.00 bV 

1 eV = 1.602 x 10 ,!) J J^l JaUa JUU, Lai 
1240 nm j>fl ■LJ? floV 4jjSJl oLyyJI jl : <**uli »j* jS 13 >_i~>Lll ^ 
i-ilL 1240/4 run . "Aii . ^>11 1 eV IfiiU? j£L 

■ . 4 x 1 eV tftyy 


26-5 I j>+ay Jli 

If—I J> ( J*jlj ) *a£L'!l ol>ji ( i ) : AySl 0^1*11 t> Ji byjf }I Oils JUfjl 

o_l> ocii (_>) > A = 550 nm <J *yb {<->) \ A = 100 m j*y\ 

. A = 0.200nm 


C) 

(V) 

<-*) 


; j' i*j 26-4 pij Jill I 0\*3j ^li>3L;b jikw JVjuwl 

JMg )Q~* m x 1 eV= 1.24 x 1Q~ 8 eV 


1240 


x 1 eV = 6200 eV 


0.200 nm 

. cuii oLjJjiJ <aa 3 j 1 > olilkll a >'1 
J_»*3 L^_)j tfl ‘ 2.0 mW ^y» (A = 600 nm) _ya) ia}>J ix*.Lall SjjAll : 

- ion - 















( ijjJJ p M ) Jjp Jlj yJjUJI 


Li 'i_ l v , .. jv o'JjiyJl jjx L . iLlUl ^ 4 uL Lp 2.0 mJ UjIjju iili 
. 6.4 x 10‘ J : U>?l V J* **> aJI j 1 — j 


26-3 JU* 

JL1>)\ j^_> jLi ,>ju jJsu- ^ 500 run ^>^11 4 J 3 L ^ id*- L.Lp 
J ji Jj_Li y> L_j ? bill »i*J JdJl 51U ^ U . 0.44 V y. l^p\ 

V #jUI Jb ji* j* alijjtf] ^I>! jJadu ^3* 


■ ^dkl« JValul 
Y (JOb)! 0f» Ji*! Ijli ' Jty* 
dlkl! J-» ^Jji j_e Ldili olbv ^idl ixiyail jlib . AjU^I 

ijli oU^I)'l jdSi Jli $ fpi I 4 Wll -W y» Vo J^l J+>j . OjILlI 
. AlijjlSftU (K£)nu.K jjU. <»Vo jljlLli Ijj» Jfi) . £*l\ J1 J-< H 

f JdJI aij,VbifijS ULi • JI>W 
^3*31 oli Jjduj . yjjifl! j*L 1 yj* Oli yji ^ </> jiill 51b : 4*l*VI 
: 26-5 frlall o^J U ljj .3 . jjp^ KE li> oli Jl UUll 

<±™ 2 U=fiV o =fc-0 

y yjj^! gi>1l ‘W ^ M 1 L Jl >- 

KE ^ OjL^! ^>1 > V® u^yl! iili &jfi O' y M W 


1 3La2UtJij JsJi 


4>p‘Vo 

. (M3x 10 - * J.s)f3x 10* m/a) _, 16xl0 » CK(M1 V ) 
GxlO" 7 m 


= 3.27x10 lfl Ja 2.05 eV 

f r 



<6. 63xlQ- 84 J.a)(3xlQ 8 m/s) 60gmn 
3.27 x 10' 1! * •! 

• -UJJjJI *jlil J lifJOdU 26-1 J! blj 
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( ^ J*ill 


u -< AJtf 



7.1 7.J yAjJi JjUi 

(10-"ml 

( 0 = 135 *) 

:26-lil Jtl 

_Si A t.tii jjlku Uoit . jji 

J|i. ( aUi »k y. A ■ 0.071 nm ) 

. JL-jfSy* If—! jfiL I i Jjlkull <*>J 
j^LJl J>—Di yJu I 4 J lal^l 

j—»• J>—b If! AfdYl O> 1 ! 

• OjU 


ALwS : 03 ^ 3 ^ jjI 26-9 


^jki; ji JLJ^I ; 4 . J—u l d xMjfiJl ol>)ll j» y«S] Axilj ‘JuSlII ji ^ ji Ou> 
j«L^ll jUjfll 1923 jjjjji _* i jjj . Lcul y*£[ 4xil jyjill ^fii 

jj-Ul Sjlox} djx ii-i Uok ol ix"i jii . lj» JjS' y-S| <*-#1 jjiy Jj*j Ji 

yl^Lkli y«_SJ Axil jl j^p^j yli i CjuSIjxJI ji Jos’ y*£l dii j 

Jj-Ul ^ y J—Sl ^yi J^Ui jty * ( 26-12 JSLtfl) 4bS)l dU) j 
o^i^J iyjJI j_i Jj_bi ^-^11 a_!^ 1» jl£i j>^l £y)l Li . LSD! ^LbttU ^»yl 

Liu o_i oi ^Ja jjjjj ^ jjJl <u>yi Jl_jJ»Sl ji vjjfJl dUj jiyai jSu jj . AlaiiL'l 

ijjJI oijx! <LjUl <,>11 > jlfii ^j^Jl : JliJI »>Jl Jt 
^L>y 1 * 1 u jjJl ^lIvfJLS i^lfll olLxdJl ijjt Jmuj , Ckjil jjy jJlu Uf! 
a_ull ol>|t jjfltlll y»SJ Axil jjSj JJHj . j>J\ JjWlj JJjjjl jJb 'tf! 

. ijlfll Ojill oLxdll j» IfPLi 

JLk c ijflfcall jmSJ Axil ji au>Ji oja J] ; Jy ji Ui LSj 

J 5 JJI, . >_Ji JjJ»i j jjl f>Jl v_ft» k i^jLaill ydij Axii j» j>' 

dxiSl L*ait j^lkD jjJl B A-fj!jJI jk j^iiy <Uw'!ll sifJ jfijJI 

yl *ij . yfc5J iLxiS' fj^dl |il»LdL»b AxiSl oi» ~>y*J yfdu j~>&i ^ 

' lit ^ >1 j_c Jil_u jAiui ij—> ^Ja Ji k LLi-u Ijj—iii Ljj jd J*a) ojf^J 
A_xil oldiy^ jju Ajy< oLjdu AjILj j!5 ^L“5ll ^Uai'l j[ L>J»I JuU . j>^l 
pi_L a .t*ij diLiLL jj_£i .*i)>i . kiuil^jJl ol ,j kiiLjjjiili*. yiSj 
A_Uf* o-fjlyx)! J_>|j yjyiSJ)'l Luj Aili ji klu>j . j^y - j yySi'ji 

LiJjlP j—> ^ »S . LLi . dj-du j«ji£J)l jli . ydl Axii j yji AiLU AxJL 

• U^y v ^ 

j-t jjl ' JI bjuS jyAij jl - jjyfl)'l aa jyyJl ^jLxi Jfl»J 'Jjyl ljj - Lk 
ji dux (1) ; jyyjl J y> jlw^lx - ''X*i . LlujJ ru-si jul! . jyyji Jjxj di 

jjJk odyyJi oLiUs x*jju ( 2 ) t c ^ Lfi Ay* ji juMi k \iy> Ji*; oljyiyl 

^A~. -M<ll L djdl J A"r.’ ^jJul j_i j^u Jj) E - he/ A . AjXjII IfJlikl 

) Lui a l*i *!l j-£Jj 1 jd*d Aj .nib p - me k_ju£j pj i wit 1 y« ilydl AdJ 
jj^ ■ ■II du5 jl ■*■ ;*'• jl _ xiiyI ji _ ulxLwl ju^JI aJjLSJ ojj>j Axi dJju 
. c Ujbij Ia^u fljiJI ji Jilu jyyJI ji du>i ! IjAj jjU jlj dV jyyll 

k dal jjd a! J 




Vl-(»/c) a 


J7lQ 

= vn : 
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( <1 ijy juaUw ^jUl J^i)' 


; E - me 2 jl . LjLjj 'i tn ciilil . i-Ll <j}L> <-»L i$i tno jIjuuU jld liji 
u_c _ L*5 _ ijjj i <J -LjiLf) "~J lilt ^xilLw jwyiJ ■tuL^yJl ■dliJ' jli 

ji j^Xis lb/ j-/i'l li> dLl \xj Ijli . mo = 0 jl ji] ^ui-J J j^j . £*»*» 
illj_»OJ Ljyjf jj *yel\ <Pj JA-Mij <±IMJ *jj . LidLl Ijji jj/L> jjJjiJl 
Iju* JjJ /Jl 9Jo».yi iJidllj . c ktjmJJ UJJw jjuii jl if jW Jf£ 
jli dBaJj *ldj> iill» jj \»ijM u6+* 
hr 

EptMan = (m - mo) c* = me 2 = — 

: me jljill yldl . jjjjiJI d/J iu*dJ ji ^ i tii ..i ' i UWI b!» j«j 

OjjyJI d^^=p=mc=^.=|*| (26 6) 


J[ a-S/j 3-^dj cill> > L*v jy^ 1 fLu <, jy«_jd (ijlkL.)) jiUw SJl> /j 
jli J_jWt jJL jljLui jjia-eliJl j^l* (jl Ly . pJw>' jdl jjjidM 
jy^i jjf^\ Jj-UI l*k»* j> >1' j^i» ji p'i j<U»sH j-S] <vt1 
•Ldcutt i d/dl 4*4 j id/Jl lilt Jii> ^jL» Upk L <j[j . JsiLJl y-d[ i*ii 
^Lwjj j/U^d <-*!* J-*> L» Jj J-su-i jyyil p-h/k jE = hclk 

• j*>U J^ 1 J ji ^ 


*>**?>> 

© -- 




<U=-Ml-cos0) (26-7) 

m,c 

JJ ^ (^-5] uii LjiP ley /II OjljJl / 0 * jjydJ)L) j_)Ul ilid / m« »lu> 

Jj_tJl j*Jull ji ■ ( 26-13 JdJJl) lULJl uDl* D^lbili 

j+j h/nu jljull L*i , i-fcil Ip jiUa03 ^1 ^ bii a*iu ^>^11 

iJjui) i L-LJ4 j^wj5J J>yi JjWI |k-«L J yuj JjL jlpt <J_j cv'«i 

6 = 180“ jup 2A/m«c J!0=O 9 aipOjiAAi^ . 2.43 x 10 ‘« m 
Ijudb lift _jilpl} m ULj Aiiu (26-7) <JjLil jl JL>J J*)j 

. BjUl £» i^abLiuj^dll ol>jJJ 4,_»i.di»)l aLiII olj 4^uyi jfliLail) lijL> 
, (26-7) UjLuU ^a>G 26-12 JiDl y ^liL*J( J C ^ 1 : jij* 


<->■> *sji iiubo* : djiai ^j>Ji 


26 13 JU 
(ik* 

ij—njii L*Sj (ili»S jL uaaj jjMjl 


26-10 


' J-**j y+j . MijJ> Oswlj ^eJ»lii*j^! ^L-iuiiU jl jp, L y lL<j Jil 

J^L <J ji Ld . j^Ij JSIjsII olj^b u> r ja5U> 


- 1014 









( y*>LJl JrfjJI 


ji iX-& jl i-yliiJ! si-* ^ jAifUl j*j . fyyjiH colji. j* U5 
^ o>'*> 1 s5^*i Ljj i jj^^U 

• **#4* il - ***** - r/»l u-» Jy Jjy iSJ yX)l ‘ <J»*Jly 

Sjj Jj_* j*y jJ^U i^>yi i dJi 4_>lyil J] <_»*J U^ju^» jlij 

>»>* i> 3 l r* ■*■*• y.y^ £*^ *li 1923 Jjj# uu&SI j ii 
J[ 5j^Lm j_«j sJy>j . ja\j> jf jut\ lij Liku \yjtJ <U-a5yi 

W! *=*>• ***0^1 ^b*Vl j jayiil j* "ixf <j*£, 

tJtfa jli dLJjJj ( 26-6 4_bUi<) file y»_ jJj Lb'. j^yjl Lub :,j 
iujji jii . u>y L p,| .<>1 jib lij* • JULj , k=h IptfmUm y ^yi 


Uj 1 jj«j j^i* ji H^jfr) lit 

j' 4 —i«| j li liliili yX l^jii 
Uf_:l p . jyJi\ K&y, l'jLii 
ji »—iljl! ) * UyJl y«Lj jlSjj^ 

. (lijL, ^.i.-j... i . |j'< 

y J ytfjUl Jjj , 0J^_r A f£p.ti aJjLuj <£j>S lub lib * <J i_i>Lall ^yi JJJI 
>* ^y 1 ifjy> u|j **>>• >»•>> oLi-^ ji jm 

JjWiSJl^'JjUI-A-A (26-8) 

*i*S p J O^U y» A 

L5-S-T?* j-1* 3-ixall jXjLi Jjjf ib J jl® jl*jJl |»li sjj 

y-» L»j> j^lks .^i jll>«# U1S jJU . 1927 -*.J j y^-^b £.y» 

Li-»j 26-14 JJuhJl . ( J-SLiiJl) *—jjjli »jj|L jl* IfLyu k£ oLjyil^ll 
IjuJ oyvjjl OuLij . Lpjii <jy J_>ljj jLij obi>uJ jjjl jlf»JJ LyayJx^r 
j^_> L»j^u: xic «JU» LfjL-bJ £->Jo ji oLjyil'yi ji <u> JxmJu 

b^yji j-L— j* s^iLuii oL^yiiiy jjhS liyj jj*! oL/Ui i ojib y. v 

oljj^IbJ'il jl Oj^u)l OAfJ Uiyll jjP o%ujJl ojiij . Sjj>J! I 44 L Jai-J LjJ» 


.* 
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( ‘Ujji fJJklw ) yj/wJlj tH-jLJl J^i!l 


o-» y>jt>i j&“ (J '■£*>} ^ Wjj ** “P Ji U* 3 ^ 

. il)3 jjfJa 

■ JlH i5-> l^Ujf j& * ^ ^ 6^>WI J! f*^ f-^ f 

J-iij l*-***^ p3 oljp* —* oLLill jj Af> J* jU'il >-&* &>**) 
L4li opJdil oliptfbU r)-e) J-^ ^l < })Jl olLi Ijj L. Jjj*l ***-> 

^iljUl iJjJLtf 4 «h'>‘>H oliLJl jt LLu ^yJI J>Ij3JI *yi j* 
jl Ll»/jJL ^jJ*. je U fp ifj jj>** jJ J J J r W ^ lj 
lk-,1^ j*i| owl iyt> Lju ®J - 1 -* ^ i ^ ■-*■) 

jjjlj Lfcii ^ bWi .<L oljjpJi p*l L-iLl J13 jl£j ‘ 1913 oljpJl 
. DNA *$>* JJu ojJull oLujPlj iljPJI y# i»j« ^ 4| £*j4 

^i3*j »wji UjUI Ji^Ji *i^> ch 3*U»* </*■*! J >* >j Oj 11 -*} 

gljll J-iJ< ^ ULjWJ 

3 |J ; A jjb Jjfcjll JpJl jLSj i d J-* Li SjP j* ^ 

IWaJI* Joju ji\ Uj>'l j 1 ^ ) ft? L - 1 ^' 

mA = 2d>iin&n m = 1,2,3, . 


4 (jjlkiJi) omIII (iji-uj ij^ltall i* 3 »Jl jx o«l}JI j <il>Jl »i* j ki * > 
J-»Ldl jjip jl jSX dLUj , 0.1 urn pjj j-» oljPJl J» d oUlj 
. L^ii J*p3 ^ ^ Jj5U ’ *y^ J 5 LJI Uji * ^ ^ 
U ^ 0.1 nm ^pi JjUl jfr jl Bj>4>W *$> ^ 

^Ujuj^I JuDl (> ivil 4iki* J £4- 


A 



«>V 

:2H—14 JLl uu,^w . * 

/v/ V "« / 

OLJjjiity Jixi a>-4i«o oA ■ ■ 

, IOuLa bljJ iie. ijjlJ! j* A..i^»i«ll 

-“0 

e jpUi ^Liull ^-ily Lflij << liK 


jt 4 4>13 <>j • A oL> j* ^ olij3iil)0 

. olij/SMl Jj>j <i*S uL> LcILl-I upii 

p * mv = ^ 2 Vme 


DXJ> j4j I olij^sill <i3> <J^> j4 J^; tfill ^xJI v 

t A« hip i pU iy Jj3* JjJ J ^! i> j*ji*i C^ lj ^* JI 
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(pf*U« lj i^jLJI J*»ll 


* jj->l jji+vj . jtfylliL A jiui jl Ij^ij 
j^Ul jUjJl y» ll»j l*_J 4+>L»ll J jjt JJ Cl+y 1* ijJwj ji i*i ^1 
*#*>» ji (> SjSAJ 

J-i* IfJi* oLi^Jlj oljjJlj ollyjijJlj oLjji^Jl ji rJ£\ jii-Jl jjytj 

j_>j| JJlij . oUjjiiiJjU ^1 0»jll u+jj Jj^jj ^_>'j|< 

oL>^*S tjj-oxu i Li y-> jj-fi <5 y>0Lil o', i_i .i>H ju jUle'AJ jjjkin 
(jisLLwi ^^Ldl ^) l ilj>«3 <m& y p j HiiL ojIj y h <jLo» . hip j>fi 
oLjUsjkU Jji j« yS |J slijJLJi Ijji jl \ t u.,ill 26-7 Jliil y 
. (o uAJl ) 

26-6 Jli* | 

JlJJl y* L* , 5 X 10 7 m/s J] jvjiLljJl OjjuI Jilj liu>l jjjiSJ^I <Uj~i J-flu 

A^UhJJI oljjib j S> LuiUO Ijj ( jjjiS!^|l IjLjJ l_L>Llll Jjjl ^jJ J>jli 

(ji LJj>y 26-8 LhUdl j-i fU/il oi-o j—» \Ju>y IjJ j-&m JVjJLwI 
jj j»LU< j-i »jLi jijliljU w-l>L_o 1I ( j_»jil Jj-Ulj . A = 0.145 x I0" w in 
ol>jlL Jk^3 Jju-^ iiJ oL>)i jt J] 5jLi)ll Ij^ Kj ) u-i ^oi 

|j liiili i*i j> j_j -» ■ .LI.n. js .~i_.il joiLJL Lp v J 

■ ( . JDI ^ill jJ v wiyl Jj> tin j4 jiSl Ij^ii JjLu-j 


26-7 j>&>y JU* 

( v = 200m/s jO.lg^m IfJiS ) L> Ls_. oilti Ijl i jjJl juxllkJ J-s 
0.20 cm \+ajf bJi j* 

: OjUJ< > iiibJJ <x>wxll Jjy Ji O-L JjiaJt Jjju « JVjIwI 


h _ 6.63 xlO -34 


A =- 


p (10 -4 )(2 x 10 2 ) 


- 3.3 x 10 32 rr 


«l 4_»jAli jijmK> LijUu A Culil IjJ 3 y-& r_uaj J>ljjJlj J^jjJl jl ^JLu« 
4 Lji J_>ljil jl ^IjulLmiI ^jIu — u LUi'j i ( 24 8 p-AJI ,*^lj ) j^LuJl 
( w«ji_~a k> jJ 3j«iL* 3.Ill IiJaJI jjj 6 Ojljjl jLajL ^yj~* . rj-o^ LUj j'oJj 
( 24-5 AJjLJI ) jlfi du*4 joJI jw>JJ ^jS’I j>}Ij 

sin 0= v< A „ u = 1.6x 10~ 29 
slit width 

oitj .ja. 1 1 ^ n> Jim.*!».>>i jiLuJi jj ijnh j t^J 1 Mjj • liA 1 
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r 


( kjjjj fj&lu ‘I/Nj ) ^jUI 

<U>y I jM l^jjjjl -j-J-fljj .k» ji 0^1 J 444 Ov*]l 0* jail pjiLuu Jx> ji 

bojuJI IjtfJj t y^Uoll ^3 U5U Jiiyi la* ki>A»«» . jt* 

ILu^5Lijjilil oUx^>Jl 4 .,.i' iIL ilioJu jit y>jil Jjjf JJ jtj 

&yl5a l l JjliU Ji <U>^II K n l lj ll 26-11 

Li'y- jj ,-iH Sj*k> ^>U5 Jj oI»a«<>U ■u*jil iJLijSl jjI 

^Jjl jju-tJI jj vl>—>y yl , fU Ji -j 4*-JL >lDjSj ol»*-»>Jl 

i '• --»jH j-» Jjuu LlU>j >- u »>j jl£jj y**S’l jj CjU^a^JJ <*>y' <*A4k)l J*ay 

.jJt Jj_iu jl. J 44 -JI li* Ji liW«|jj . oL*-fc>JI 0))LJ ( JjJiJl ) 

. J>ljjj|j j^^aJlS Jj> iijL-J! UijUi 

£jjy J_1m JauJi O' J* ‘ Oj^l fj*** fl***-^ »J-JI J *> ^ 
jJ> Jj_-aiJI i>u>)\ 8Jui jkUu o/j y* »jUI ^'j^ 4 

Ldil 0_» i»j> J>lji Ja*J ( i ) 26-15 JiUI [uji olijjyjl fia** y*i> ki44> 
jySj jjJl 0i-ju» (w-i) 26-15 JiiJI U ( -j* O* (J 4 ^! 

^1 i*ii Jj*> on ■ *UAll ir* * 1 Ji* ^Jj 4 ^! ‘S^*' ^ 

Imj&LJ >jL» Jjjj jj oL>^i Lu-JJO L^jLiij ->)-*) J] oOj^^lj 
jUI ^SjIL jyuJI 0-4 Ui£«5) 1 oUjjS£J;ll 5JL> ji Jjji JjJ 

JiUJi ^ ijuJ Lkji «ljj Lj kiiUjjl£J| v pl)jj} ji Jl»i>l yd L» J**j. 


:26-15 Ji*i 

4jkJA ( i ) 0* *4> 0 4 

j-t —-* (v) J 0*1 

. 0 4 0 4 U * J * 



(-} (>) 
o j*U 0 * ^ • 26-16 JSLiJl ^ O 444 ^ 1 O^^ 1 j^ 1 

JiLsJl ^i £-*y *j» J*y< ol* <> 0'^ 

JLil! ^ Liilj jJj . Od^^ 11 j4-bi (') 26-16 
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( <UyJ ) jj^iuJIj JUdl 


I 



I 


feXUijuAUjOiMy) 

26 16 Jii 

VkUJl ^>*11 J>lal' Jjii Uxifr (i) 
; L_»jiS JajP j* j$L) >ui U >J.->' | 
jjt’ii <»4* nil inij j <xuii j jii 

l»lic. L»i |_jj . Ijkjl I'i tin)? 4kuil.)j 

j_»ljli JrJ UW uajf- j* A ujiij 

4-rijjj j—i Wfj JIM 

• 4*>*3 


jl *llj . 4jf^Si .iijj^lLI ol«j ..*>11 *_i iijb^y U «_> Ij_A ji 26 7 ^>NjJ**l 

jjj-jwj Jj_i> 4_uS LfJ ( yit oljjjA!'il5 ) oUD Jiill olj o U a*» I I 

i—i>^li Jjj-f ,ij Jlj-ti ji li* j-us »3 *-!->■ oils ijij j» ij> 

4_i>jil lf_tflji j*A> Jl 3 JJjJj <UjSy-jjSW O^kill jUb iljf-** IfibU* jS*j 
■I iiiij jAilS fcjjv tlih>J I» JiS«j jjl v jfcll ^ j*P ojjUJI oUjjjSJ'jlj . ibj>l* 

U* ySI Ifj <U»jil 4 au1sJIj jjfu l^JljLa ji |> S a> ~ tll iiu> . (*_*) 26-16 JSJI 
J_itl ^_u J)_> ^L/jII UJI]mp J! £j*jll<j - oUa-a»JJ oSu-ilSl! ISUl5a]L)» 

; J, L jli I'■'■<•> . LSuw'ilSJ! IS*IS*1I 

ji lljli* |ii-i>JJ ^jil Jjjf JJ JfL jjS* b.U ojjvUs l^H’^SJl IS^jlSill r*i 

, OjAoJI jbyl ji-e I j* _jwI | 

• jjJ Uj ijjj C>JIaj jjp l»*j j* Ujjll ljj» £>jJi> JUi>l j[ 

U*J*i jjjjfi) oljjJl Jib olijjiSJ’Sl JjL - j«l> JSLiu - <**311 jj^j 

Jj15 Jju I^j ^juli-i wLrfSj ‘U>jll ISjjlSjll V AjSj-^SJI ISUISaII Jjji-u ji 
, ^SJI bojlioj LLulSull J] l* tjjlS 

j-jjj! fJUl jjt* j> oV**U 4^>jll uJall ■>)*) Jjj> JJ 0 ! L*3 
■Ujbw jl«J . oUo* * . l l 4 -a»* 1I <-i —dj i]jU« ^Jj J[ j&Jjjr 1 

. li _uliLiA«j^£Jl oLf.jll JjL JL>jl pjiS»J ji)l SJjUIL ^*j. 

( clL-^^SJI ) LjjjijijJl v hI— j*> J^- 3 

«J^ S^mII 'il 4 ^^jjSUI JiL-ll ^ J> Jb bjjli oJljH 

J_i*il pjJi—Ljjji jl ill 4£j—I ^i..i >I I oUjw Ojjii Uf» 

JjUuJ 4-ujIju 11 J^a |JJI ISeilS^ J*oj , ll^. iiij ^ku jj*> 

xj'i ^_SJI IS^lSiA ji JtJl J-aAJI ^ 6y->i ■ , ‘ - > j Jljt^J Vjli# bl*<i 
LfJu SjjJI Jib Jj*i U ji-o ,j p-iii-I ji) 

5 jiiwl! o’ilUJ! : Jjjj jj ol>^« ^5 ijiijJi 26-12 

4 _ 0 j«all oLfcjllj jljj'il J-* ^1 dto Ji* < 4 ^likll oUjil liljla Lie 

Lull J-laJj c oL>jll jxJjJ OjjuJJI 4*4**511 LiiluSI iii i J-*^ 
»ijju> j_4«ijtw kou uijj* 4-*Jl*** j*!ll • JjL^ J J ol>jl <*-*ill* li 1 

• J )Ji JJ ^k^jl jjj 

i*jjjl Jib ; Jj^l 4 mhII 
j_» US jULu L*lijtj L IfJjL Ui bj^it Jib m 4jJ*S Uu* 4ijI ji ^ 
ji xj))j U>-j*S p±~*>Jl II* jli bjj , (i) 26-17 J_Si)l j* ^J>j 
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L 



U) 


:2ft—17 

. Li^il J — ib {M*q J i jLm*)I uVUJI 
^ Jh** &• **- j#““ 

liLJj it >! JUia.'il 

■ fiM 


(‘bjjj joilju jJiu ) J>mJI 


^-aii Lii 4 Oiij'i! Ljluj >1 1.1 <_J <j4>LmI Jjjj jj O-^J 

"il U»JI j! . 0^2i«*» <UI> y*iyli li* Ji* ^ ylky k JSLill o* *JiJl 
oL>y oL ji LfcjjJj jl ij'ii 4 v^ll 

llijj . ( |»j—<l>JI oj juk^ yS UL*i»l jiLSli jiSl jic UJju j* jj 
•i_i>Lall J»j_i JJ 4_>ti jyLi LjuP J>lj *ujjj siiJiXi- 

; ( — A o> yjjjic oy iildil <4^jil JljtSl 

L-2(U a ) L = 3(^3) 

KJ_< Li il >1 Midi I < 11 x 11 jlj 4 ^lt Jii jl 
n = 1,2,3. 


L - 

2 1 


LiujJ! <4*jll JljtSl OJA a>l <J yti Ijl 'll! OjwSl J>b liiij viiAXd j)j 
^Lxu *il ; Lj tun it £»i ^IxL-u J^>1 j y* ^ 4*Li 

dLJj b> L»^i 4 J»ii OiHj 

olio* J)j> JJ bty lu J kl4*>j L^JLaJ IfM Juj <>jjl Ij> iji-B <>^li 

jL*ljfc J £iy> UJJs 4 u 0 ^ y-» f ^ 11 J y*i cr4« 
j_* jjJ j{Aj J>IjS j—i f 1 i,..».>Jl .Uj Jj Juil . Wj y*jy)l 4^}J> ^ 
jjs jl 4 04 - 26-17 jSuiJl ^ <i**11 o *)I 6 ^i c»*!ll«a>1ll 

jj |U-c»Jl yjj - ^ lj-»j - JJW* j>j 5 Ui . . oUjil o^L 

. ILa j_i JuyS‘ A-Xiilll oj-k y^-xl jJ J—/^^1-u yl . liUx* 

. ^j~4*Jl lilt 4>*>4<J 

. ( lijjj u^l ) . ^mi/ 2 4 *j£j> 0 U 9 jy ^JJ y-J 

n Lf^ij ^1 <Jl*J! j p^>J< j £i Uiit E» ^»JI <iU» ^ 

* 4^i 


E n ~^rnvl 


4 bis JjUI ol3S Uii*j dljJj mv il_y>oJl < 41 $ jt ^ 



4 jjjj A„ -hlp n *A ^}JJ vxLall J JjJ jJ J>yi J^sJl 4^J 



^ cy) 4 A, = 2 L/n ji l«ij oii 4 Ll^Li! 

£ -«!Ai n = 1,2,3,. (26-9) 

" 8mL 2 
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( 



J->b jl p , i ■■ l > ' 1 jl* jL$ J-J *ii 4-i*j]l OyuJl J| Ju») tiSjlj 
ji Jlo 3-jjutj (26-9) Lbl*!^ BUmII oUJI ^±>[ <J jji/ jl i^li 

ojU u>^ll IHiHlIi Jj Jiii lifJj quantized oUi« jyyJi oik 
5 j-* yiiLxDj . l »_jjUi oj_# J^L> oW ^3 jl j^L jl^ p£JI Hu lit. 

jjLi i— juuS’I J>b ^j_l>JI jL Lulu ^ill . Ofty^Sill Hulfuil C fc. uu Jl 

Ji-! o*i>LiiJl lj_* Ulo-J ")|| . jJuaJI L^j Lu 0>JI oil? pp JSj jl jlijj 

■< ^ >■ 4-jl^‘il V ■U>^i! HuliilL j&j dj^nil Lul^ij tU>yi HuliulI jJlju 

. j"il ^>jiu+1 V_uuj JJjj 

J_>b (m = 1 x 10" 10 kg) «jj jLi w>J jbjll otili? l_jLu>w pi? Lpj 

: 50 cm l*Jjk o^ji 

E n =-^4t= (2x 10" 62 J)(n J ) 

SmL* 

. \j+ fJa, 9(2 x Iff**) J j 4(2 x KT 4 *) J 3 2 x 10P“ J ^ ^lll olilk o' jl 
2 x 10 1,5 J jji ui ju ockaJI jj , LfH Lj jjil'j oStUI dIk (JL? jo k>\> 
Uil i>jjJ (10^* J) jjU ^l.<l «J <L>j JxJl dlkll £» ^i-all j* ^Aj l > lu>. > 
jlii jjSl |jj» a| Jw • ^ ^ olLU iyjfi JLl* oils jj |H»o ji l+o wki-L jl 
obj-MUhll <U~uiL A_jf j« yVluj'lt . ^j>l illi jj pi..i>l Ao-uJL l»4U?» 
( jjjjuillj a I r>l» juH | jj— ux't oil? jlj t j-jjt p>-> ob y^l?i Jib ojUl 
. <U»yi HyHJl lf> Lxu Ls 4jtkU <jA1! AjluUI ijjj! til JU-U 'i AjImII 0^«xilli 
LujJ j! ^ oil Ojj ^bo-i olj >_uuLl oJLuj JuP LL? lii-lvo jfUOjj 
jjjj ; 2 x 10’ 10 m j* Ifjy? jj)j tl o^ii J>b (m - 9 x 10'* 1 kg) 

En = n 2 (1.5 x 10 ’* J)«9n 2 eV 

v P ’J* riiiLij . olkll ol^xi ^LS Jfjl j? vlu>u jS .II j* iiUxJl aoAj 

ob ^ L.ll ^L_i ob jH lylilLJ <u>£Jl oLj-ukLI OykJI j' 

. OjjJl 

jijlJJl y : Solill Oiill 
Lolji LjjjJb JjJt jyli yuj djfJj oyj _yb o>j jiy m <M JU jlk) 

. Ayljlji olyj^iU l oli^xJl ^ ojifil oljjJl jum jl. Jji 
»L»JU jjJI Jib p H>yi <> ^ jiil^lJI yyjull 

Jyj CkLtii 9i uJuj /Ui?(| oil? ^UmJJ jl (jy> _J_» Uiill jiu? L jilj L JLj iu 
(JjL» J_> xjfi La^Lxo} (j-Sbu OijjJl pUauJl jl* li* £* ji >3 Llj^jll 
x! jill bL j£ LLi IjuiaJL OuJ oLl>JI JJ 11 (^l^ill <>yJlj - 
(JUJI IfJj - ^li Ji«L . 3L5L otkll bfi- 1 ) ■ 
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( *jjy pu&'Jw iiiG ) ^jLJI 



iutuj »j^L gitJ»j>dJl iatfiSl ft jU 
r—^ j4—> 

>uJ Jij . {(JUS jiilll yjiuijljM 
^w 3 —^ jj j-*jl jt-U* 

JjP oA-t 

j ilA 

wl^Ljl jl Vt 4—i^S 4*-^> 

j—• V-i-J jfii cJIj V «i>UJl 

. »JJ*4 Jtti Khk Ujjfla 




n = 1.2,.... 


djujll Cub v» A Lu» 

/(y jjJpl JJjJ J Uj^jJ lj| pluA’iU ft^iit »j^w <*ldl «i* j£ y#/OJl jS*i) 

y > jop ■uIaj UaJ •u_ujL 

/i-fji 

2/r V m 


. a>u Kb UjLu y <uuJl tjjt j* jiw^wJUj 

£„=(n+i)(A/o) , n = 0,1,2,.... (26-10) 

olillJl ju olj^AJlj i »L1* Jyt j^iUU v^jGU olilt J iii 

. hfo jliuD LjLu 

L^ , .ii ^J [ < j! jl^ ^-i)l 4_uo(>Jl itL-jJ ^Jt OxvnJl ^Ljwjjjjl ojjt 

ixxt 25 jjj-* ol i^l p.* > JI fblj j+Ju j_» j*'-*; ^1> oLliiiL 
O’ *■ .* » - 1 ” oi-X) J )j-> (i>> p*aIa* ploioJ Jili i 4i*> U ^1 p 

j-^A J ^ H-J^b yPj-i yf 26 7 f _djl ^3 LulU JuiJ IftsUKU j^L jl juklll 

pjlijl J*p ya*iall lift ^ji j^ll Jji* , ^Iajm pAA olj oLjjjjJ <U~JJL> tjlu>l 
ju J-jUI uLloia-wj . ^»5Jl i^jIiuJl rl>j jyo ji J^JlmJL Gj'Jy Ciu li i JJj 
. Jlill J~aill ji <U>yi ISajlSill pPJ j y*> 


26-13 


cllS i j j Lji jLJJ Jl*! cjjjaJI 4xuLil vjLuil iu 

ji ijjjJl j'juS'I olj oU^x'l iuljjj . JjLJI jju dUL-J l5j>^ o1j^-*> da» 

tljjuLwl JuiiSw ^J_J l 4_i>yi jLulj UjJ Ua«J ilf-» i^jjJI y_JJ U 

JJ oU^^jJlj oljj^i5tl , ]ll JL«U yl Jjji UjUi 

XJ ; Jj^JJl >..u5jjJl LwljjJ > : I-»,«■ /■ ^iJl J*x»Jl k_ijUo ^3 Okwi uiU 

, UUJI J^A^I y* ^i^ 0 ’ 

Jj_»jl jl_5 Juki . ft _JxC ji-Jj iju« JJ oIm^>JI AJX>J *U>vll 4 juxUI ijjjj 

, 'J pi liLu IjJl*u 1 11 jli* IjJ Lt Jb> . iJLiu&^ll lift JjS 4i_>^Uil JM lull 

^—3 ol«_i I>ll ^11 V ju J1>J jl - I Jail i a ij V jj Jj - Ja 

^ *»>l OluUI jl jJ_U v ■uluLL-ii' ilj_>^l ijLull ji pj jj_Ul 

3-iui.>.ll DJ_ft jl Jlj—JI I jut ^_jp | yu)b s_u>j jl lu \-JJn.n oUh- x II 

CuljJ j'il Jbu-/ i^iJI j^^lll lju. ^5 <ul5 







( hjf paaliu ^jUI JrfiJl 


i AiJl j_« jjJ jjilL j Li p, ..i> tfu ojjl>C <bai LIjjJI ^3 jJjuJ Ik a 
{ pa—*>Jl <lu..L»» ) JiSl Jb UD Uu»> J*>J jl jj*} jj>J Lf ili 

. t |.l »Jl pilfrjl Lj__l ^Iku Jill il»lj!l J>—j pi i ^J...j.vjl Kl pjJjuO^ 

LUli i jjLfi—Jl |u*»JI Vja ji* joib j* O^ 4 ?' J^ 

Lui' j^JyL , l !j_» Joy j)±, pjAJ A 4jy> bjib l !>y^ pjba—i- 
jj) p*—»JiJ IA1I5 pjhjLLL»j , E = Ac/A bjILLi AiLLij p = A/A Ujliiu 
jiUw a-kj . y j^>Jl ol*;L ok a Ujlji* Aylj Jali> ( Sb *-jj: 

ouiSj-j , pa—c»JI Jl iSj*3 j-» Lfl«j JJl; Lli pa^JI ^k (> uyjiJI 

Jj_>a]( Lui Lijj j_SJj i J^xJl <**SJ * V5JJLI J* L-a»J *al*Jl J}1» fryjlil 
J! J_>JJ ji jjJyJJ ^ Spx - p sin a o_£a« i>31* ok 

Jx*-JI 4>li t AJjyixi jlj d_>*dl ^ ui • dlk ^AiiSuj A-aJl 
, gJijiJI IfA-aSl .Jill dial OjLi»» OjLj J^ad' wi ja X A^Sja v t *m»J^ jl iii 
ijjifJl dj_»j L^aS jtJ i ujiyjl ijLta^l pJa <J[ y* i £$! JliLj Li 

j|j*lb Xjuh V jjSa« 


Ap *=p ain a = ^ sin a 

IfrJ jiu,! ^Lijl OjJI (> Jbi JjoJI ji J- 0 ^ 1 j ^J j ^ 

, At « A/»in « 4_ii Lijiij J>JI li» vlaS tuiaoj . jhij jXa» JaiaO 

(j_» JjJL> (Ja+i-Jl pOMOfcJl liy Jaoaij Ji^ kjliiSl ylj dlj 

j ^L^UI JLi ^yij 0^1 ijl* ■ (^y 1 J <> 

Lijli i ' j" -II « ; ii >H <j~oJU dj>all A-uSj 

l »‘ t *-[i ma k£z)-- h 

JuJ*; Ja>i 4 m • 4“4>j jiti l OJ OjlxiJl JtfSl l»d Labi i J^i ijLuj 
LijljJu Vj -i >L> ojj I ^yi I pM> 

, dJ* c-Ld LjLu jt - JJrtH Jp - ^ {&4\ ^ 0A^> 

, rjiaJaU ijaa jyai ja>J Liu <jU O^U oi* jl 
lj] . ij^J *jLj J'iab! (> 4>ji>SJl ijai ijj-o Jj Jja’jJl C^dl L*J 

jjJl (>}ll t»[» ‘ A* « A y Ja<JI pa-*aJl £*y j 6^ 
4,1 Lia<Jl pi-adJ jSJt rjlJwj ^ = A/c AiLll «a* ^ ^ 

. Ac/A LfJS ijJjill otl» JjLj **•* jAdi M u^ 1 <> 4- M^i 
* A E = Ac/A ^ 4 aL^JI (> Ijlai* o*mj pa~adl l^aLc J^»»u ^1 iilUl jb d)i)j 
: Ja>J i iilbJl ^ (l>Ja^l juj Lj* Ijli 

AEAi = -£ A x/j 
A c 
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(iLjji jjjLji jUl 



j— jj. 




( 1 ) 



I 

M 

:26-18 JL& 

■ <-!>—* - u>j 4 (i) 

jj-m J & jUj (v) 

■ *Ul d A jl Hi UKJ^ lM U^J) 
. U 4 ^-*]| ^uaJ) aJc- a ijjl j JJ& yll 
j_^ J 4iis ^ jUil j 
J_l) J—<U lii y_Vlll Uli] A' 

. (A/A) sin a 


0 »■ / > " >. ’ yy.v'ilj dj->vlll <_£lS jj-jJJ Uj>Ijl>J v jUi^U Cud ru-tfl IjSjbi 
fj—oi j^!l Li^j . 1927 ^Lc ^j^jj j_» 3j_* JjS Li>jii! jjj * iilkll 

: jli j^^JI IJyu Cub . OJ jSSl Ij^iw 

i jli d fv . v j. l l fjjj y U y-uvj p« JyVjJl 4 a*Sj t ^Ixv^l y-Li dp 

AxA/J. >-/^ (26-11) 

4ti 

^>J E iilfcJl y*LJ jj> v Jilbj . p j x y jJLiUl LwJ U» 4/)* _j Ajc Oj> 
: ifoUJL jLLu >j A/ j AA’ yJL vt'l jli l <li>J y L» 

AAJA/£~- (26-12) 

in 

tyljJxjl 5jU| j_i Ju s i Oa^j oLulji AJl> y o| S <4jUJI v*j yy—j 
. jli* avi« jyy y-ui yJi i> ^ *-> '<~ * f - *>n 

yP JS (Jja) jl V IjyJLI V±y> jl j)_j C Jx v'u JI jl 4ui Avi IjSAv 
i 4_xui 4- i v. l j.j <LjSj 2>J| 4-jiilL jo-L^UI j* jjj tub dll* jjSdu i| l* 

LipUl A^L*Sl ^SlJuJI ^Ju>j «jj» . yxju ^y y oiULvJI *£j*j '<*$ 

Jl 4_vl> JLi* j] v jjl t, j-» ■U*J_dL>J! oLjPjilj *jJI olid 

oj_* Lfj3 jjdu O^L> jj oL*dj LljjJl oLu>. v Jl UU»y 0 OA> liLn 

0>_jil LS. u ld.Jl |LiJl l. dji l d M y_jJi Jl *^JJl (>J o"ll dl (if . ‘UfJ J*l^)l 

. y I JoJl ij* JjLijJ 


iLft v 10' 10 m ovLe Jj_L v_jud* J>b L^lxi L»jjJLSJj JL» jl j^yi 1 
jjyi_SJ')l< li* <S_^> Olkl dyA-a)l <Um)I k_u*>l , »Jl ^v> yJL iLjij y yjjvdll 
. 1&-MS KE LvJLu dJ>»JI (1j» J] I^L jlS lj| jl Jp yJI 
j_& 4 13.6 cV j*>jj.a*_Jl 5y jj^^U KE jli fcjlill J*v- J*) 


V IfM ddlvj 


? KE ji yji a> jjydJ)6 j^ ji y> ^ : 

i-cl> w ^1 jjp KE jjSJ jl oiku L <uSLk-i^3l ‘Luill y ^ ^^^1 
LtuJ y jJ>) . dj^Jl LaS ji . . . 1 I tu, j^^JI Ij^i jSJj . (f* j^J Mi 
Cy/Littl £*y jli US j^^UI 4> U iiUL v KE iSyJI alL ^JJL 
L»l*J lyua iSjLi ( KE jUtj ) p jL Jyll dliSJ ^ dldj yS\ 5io lijjAi 
Y Jydl *U y jjL^Jl jku yJI o^UJI y L : Jlj-< 
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(irfjji iiXJ ) lkjUI j^ill 


r*** j** 11 p A* du> i hlinA, > ^i /)p, ^ ^ 5jt>}fl 

• z ) y i> J^J j^lw jl^u* 3 dL#j a1W.ii oUjj^5J}f 
• Jj*0Jl iu£J iai JL* jl Jij0 ji U5UII (i^J Jui Jl^ 
^ dj_*l!l !u*S jl ijyJ tfijL JL* lu-J <ji Je, AibWI »i» ^ : ol>V! 
Lf* pi jljiill JjfcJl Awil! jl JyJl jj j, jiiiSJl Q* je J^ oL>j! 

Pt,mm» — 

4ffAx 

P‘ } Pr 0* 4*-^ Jili^j 

? KE j dj>i!l ta 5 j,u O^WI ^ L : Jlj«i 
*SW jU^I aJI> j } « KE=p*/ 2 m i&dfll jUI ^ i^_JL : Ol>Vl 

p 2 =p?+p 2 +p 2 

KE LdpJl 4_}lkl (jj^Adl 4 njlll AjumJL 1 j lie J^>l jill iiiUJl ,yi ti : Jlj«f 

V dyvdl <^5J ^>jS'I Jl>JI juju ^iiuwl Uoie 


(KE)min - 


3 ^,min .. 3(A/4ff AX) 2 


Ol>>i 


(KE). 


jjUl AjbS j> m uu> 
i 10' w m iuiJI iit jIjLJJ LoioJ lj|. iLiiLUJij >Ji 

_ 3(6.63x10-^ ,1.x) 2 

"" 32jc 2 (10 10 m) 2 (9.1xl0' 31 kg) 

= 4,6x 10' w J = 2.9eV 


V j-* KE liyJl LilL jisliJl jljill 'i+ijyju j oi»j 
6j >i <4>^ (>» • l«/i jU jj j^-xv. ujySi) %fi Jilii- Jtl* Alii* ^ill 
. ^Ul JJ>jJI yt A^oUil i^joJ( aSj>JI ajI1> j4 jjSl aJ cjjjjjSJb 


^UjJ! tJljAl 

• (jjli j|5^ jl vfc 1 - J^l lj* ^*+51 jj) j^ll 
jujJlj J^laJl ( J ) i Ax^-Jl J*'ju (-*) i jj-aiJl Ij jUui^l iU. (o) ( jUu-"jfl ilii ( I ) ^yu 1 

aI&JI jw ( r ) ‘ i-j/ltJl jj£Jl iltf (j ) i J^tJl jlLiil ( j ) t ^1 jj.uJ (jk) i 
k ^> Wl ( ^ ) 1 ^) ‘ ^ *a^U ( j ) » jjUl iJbS <3lt (J») c oLUl^ 

<JWl ( J ) k J J; j J^Wl ( ^) i j^^il J 3 UI {<y ) i ( j ) 1 Jiill <JIj < p ) 

, j-u^Ul ijuu» ( 3 ) c oLill OlibJI ( ^ ) . ':jilil 

. ja*-(L'il AJJ~J| J$il yi 2 

XJi«i i C_«ljill vli|j>Sl 4 «J- j-o*i : U 4lu> j< Aj^udJI A^ l^jp £xa>*u ^yJl -dllJl J 3 
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(4jj/ yto ) Jjj-Jjjlj J-ull 


oLL>| J| J-«aj jlj . to'JaJlj iliSJl jjj Jaj>lllj . 4jlL . Ac-JI £i •dl£J l . J/JI jiUilt i jijJl 

, ^LuJl ai» jwili toy JjL— i 

, iiS j> iSltj |) J, .a. * .ll to UU»jJ 4 a to ll ^jjtol jj ifi lAjiF /Jl tj/JI /ia jl 4 

. Liijju -Li}L OaLa jl£ ijj Jjyu JJJj3 yirfill l*/ ) rjtol iilLJ I mJ » ».> Wi ji 5 

tout Jjj/I Olb jJaJ Ijll t/o jlj 

. jjl^Jl « /toil ljj» J&o sto jtfa jlj j>L f~*»J toilla A £l iiil Lto /a w p-»j3 u 1 6 
^_>/l <Jjl> aJ^Ja jja/Jl Silt /t U /to jlj • J 3 -ail I j jya'j /jtjjfSJI /^l J-" ji 7 

. J_iili <Jb Ltoy J—‘j-ill /►/! J/JI y*>3 j'j • J* O//^ 1 f*/* *3*^ ^r 3 Jj 

toy o'jlb- / /jtjjfiJl yi\ iljliw ftoito (2jt| 

. jj3/)l jjUsJ U'll.ia a y-jj jto ciai rj^j UJ**/ /I toil U 1 ® 

, «jjj5 (-*) * /*/! *1/ (y) ; OlJ» ( 1) j jjJj* to5 jx; <ftUl /to J 9 

j-> l_u—J' />to ji. toJau ifj_y JjtolJ AliSJl ■Jiyj p-to toX J)y ii-d j*/ 1 J/J 1 /^ u' W 

. %» jtouJl »/J to/I j^l/JI t>^l "!J Itoy ; oUj^iil))U to/I ^l/Jl tola 
J»j Jj ol>y Jj>j oii* lfj| J/ toi> u 1 “ 

olUlj ^i/l to> U* to/I ia/wD ajjjtol tojJull jlato jij t 4*jji J»'j ^y»J o/i-il O^UII toaJ ji 12 
, AijjjJl y/»oJl j/to 'i ol/toJl oi» jl / yaJl ^rto jij 
/to jta_J JJ jlj . toy^SJl Hto/^uJl totol J>- /Jl '/Jto Jto! j* ^ Uto ji\ Jjjbll ji 13 
. J) Jill ait ^iaO y «*J< liylS/l Jij ou- jij » *^ill toull^ to>y /JI J>lto5l /!/ j* toi-a 

jO>U 


h = 6.626 x 10' M J.s 


A< = — - 2.43 x 10 13 m 
m t c 


<LyL) jj$ CJJ l/Jj 4iJto olj>j 

(/*) sjjli 


{Xt) j/»/J j>/l J/*JI 


: ^jUjolb/u 


/IjJI jtoJI jj jtoVltlit 

yi Jto^l tto ijj/JL ^ «jtj . jJljJI jj-toJ jjjto j/li to Jjy jtol j» /IAJI jj-dJI ji jU- 11 tlto 

. ( toy ) £jL y Jjtoil 
<ji..i'i)I 4 j/u It/ 

. t/Jl jJ«o] toJL to-JI b» /toJl /y jj-i-»l/l £itoJ HyJla iwU »j-ill HAy 1 
. LpLi jiy /JI tii j jAw tilt JJ Lj-iil oUjJlj . lli iitol tojJl jAJ c^n'i 2 
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( pJfllAi ) jjjiuJIj yjjLJl J-aiJI 


•U;U>jJl ji>j *jLij 

, jiljJl j^-ail olj o'Jslii £aa> jjjuj "ll ijub OLukll jolly 1 

y>i" jilj jyi JJ JjL*# i$ 1 jj iiiljii yjjo 'll ji jJlj j yai ji J>Li jj Aiilyi# Ifil jU i^y jjJI <±»lj>'lll 2 

V~uJb dj>ii 

, c f\yM ji ♦•Jji «j_i JJ Jrf»J Li p_** J^ju j£i* 'll 3 
. c. jj i it L iSi Jiiu ji jiu 'll 4 
jjjJlj J jkU <L>o»«aII oLLI' 


If-Li jlyll ilflji>^ll »i pLb>Sl) 41 , irL iii.— _wLa!I :\fj>l jj£j jiJl dL ,^a 

i->jJKjJI yffj oLLill joj iiiUll 


il J L-L!L v Uj'jii ACj —j dyAxi ^Jlj ,yel jj Lila ji jlAfi j*j / AfiajJl OjjJUl yojii litflj yl _jl . jijJI 
OljU»Xl Ai—*i!L jSL— yfl_»w If jij ; to *■ > .). > > ni l 4-uu^JI Sjiiil ji JjLi jj£j— AiijyJI Sjiill oi» jb ; IfJ 

' oXJL jL'Jul jLijll Jsuiyj 

Vl y 2 /c 2 

y*»jl jjSiw oUl »j> jli * LjJ ji <J iU-aJli W Ujljii jj_u jlSyAU jjiLb y£ (i isLn yo^ yl ^ . JjW 
jit juJaiillj V yl yijib ) yLilill jtijLlI iuJji} , (j. J . 'i J nfl ii! iU-Ju jSL yfljw If-uAj jiJI (II) 4>f>W»J' OLi' ji 

- <Jldl iiXJb ( j>K k> 

d = do Vl - u 2 /c 2 

OiU 


pi jJ jo—<Lill j^ XS j 1 y*yi-i 4 IjJ « £■* " y'b* j* ^ ^ ^ pljii-l j] 1 

* fJ- 1 * 

. c j< D ouyil OJ *lll Ijujii jl>I. Ljjo«Jl ilujj . 5 -uJl Jj’ju 4 Vl v 2 /c 2 <1 jUai K jjJl JiUll jL jlkj 2 

, C ‘«J' «y-* t-' i^-jl pj Oy yA*J V*dJL; pf-a" JJ- 4 -® 1 ; 'il-’WI j *2 3 

<U}judl diSJ' 


mo j m jjj L>y\ , U lij —j Li-iit j*Si m <JiS uiw. 'd j.i oli ; mo y j5”L U p—> Alas’ oilS lj| 

: ^I'OJI 43XJI 
m 0 

m - - 7s- 

Vl v 2 lc 2 

oX> 


jli c ji i! yyiii Liii*i 5yojS icy-j Jy*i. Loit p-*D jiljJl jj-aiJI 5 jIo itUw j-iuii iiiill ji wL}li #a* j] 1 

. p— aJ 1 dl j ACy-1 yUtll yiS j J*SI 3 j v-Ji u ^ yilll 

Aj>LkIt 

Ull» j^Sij LiiT UySi LS p—j>Ji Atj-i yljii Jfi m At* djy ) E s me* oXdla AibS Li p~> iSli. k»y 
*iX«IL p-jj! <Sy> oli jIsjOj Eo - moc 2 j* jSUl p—>Ji 
KE «(m mok 2 
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r 




. KE = ±mii 2 aJjUII J| JjliJ iS^>J< ulb Mu $ c > \J& Jil v {,& \j^ 1 

: <3}UJU jJ**5 : Am diDl ji jj&t i>y*Ai jj$j jlj &(i i A£ jljiy t» 4ilb jha> Ifili i>« 4*l*£ u] 2 

Am = -^f- 
c 2 

j^yjl 45It 

. Ji U (f wjjij ) A djb ^ jyy iilt ^ 
E*&=hf 

jJ* mjju i Ac Jjt ,> d)l» i^o ~L_Jl dJj jle LlL I jj l* jii t%L-j j> oUjjlSJ'llI 

. wtuwl sillj 6jU 

(4>) JifiJI Ub 

• Xn jjh jt-y Jjt <1 ifjjl ‘J-iJI (> u)5y <5lb JjLo jAj : rJsJb JjySStM ttyi *jUJ! ^ 

*'T 

A 0 

(Vo) JU$I J*> 

, Ao j-oii *Jjl» tiLij a >»jVi sisojjj ^iJlj Ailt Awurt)* ollj^lSJ^II jSSl |>j5Ul ‘U*j*jll -*+^ j* Vo 

AIjUI 

. Ahulll ‘*Sj> iiltl jj-aiJi luiJl jjLj eVo 


eVo = (imy 2 )mM = j" «j 


d*uji 

j* U Oj3y ^ 

j» LfS^O' <i*S) oUyyJl AS It j# Iiy*Jlj 


i*y> 


, j^SiJl ibS fyfil Juu> dll* _rtli jj!_jiU L-Jlj VyL Itf+JlS dJjJj c j* ibb Up- &b cdyiyll 1 

I ia-JI iLjOrt 0 Lftjlji* tf-Jw Jjjltlt jjjl «j*d ^yi jyjl 0 !* ‘ b r}>~*l J**^! ^ {toy bd* 

1 jbiu a^IUj 


AA * — - (1 cos 6) 
m r c 
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jjjA jyl oiiil Jj j>jil JjUi J jtyjUl 6y*) ■ o*WI iy*j£l j*jll JjUl* him* iuSJl ^4-jj 
• <*•$ j* j» jjJjiJl jii^ i5jjlj jjjjiJ| ^| uii 

ibUlU jkyj Jjji JJ 4>jdl J>y Jjb P dj>: ^ Jill 




<JlS cuLS Ijj 'llj Lax*. {jJLu 'll 3_jjlll oU^kll cu^ll oudsJli IjJ 4 ja*»JI Ji 4^U iuji h cwliil jl »i^> 1 

olill ijtlua ^uajl 

l< jlyi jut i jo j& ji CjL** J%ji JjJ ^jll Jjkll Ji*j L& bJLs J,ji IS^IS^I 2 

joijiUl Luo 

j^JL^Ul Jjljliu kjj-i J-aL* £-Aioj . U |M—» JjJw i-uSj £»ijo jo If; JjM ^5)1 <3J <*p JjJ> >i)U« 

! iiJLJl 0 ill lull ijjjulli 

AxAp, £ — 

4ff 

; iiiUal! ^LjiJ -Uj^UI 4jl»jJ| sjjUtflj iiUaJI j j^tAJI iSjljio j# iJJLo &U ; ijoil IjfJ *aji Oul JU« 

A£&>-£- 
4?r 

i*5U 

jj> s JI OjobJI jfi tijK> l» J 3 Lb h jf jobJI iii>| ^ 1)3 OJ i-mlljl Itlb Ul jliulull jL/L* ruu 1 
j-b LuLl ( jjjj. * 1 ) jjJ Ufil. j^Ull Sjf»l iiu jjji> jo jl U jo jJLMI jljljSIl jljjb lib “i 2 

^llib kjjbhlll jib! ^3 ^1> out>j *Xu-jj U 

oljju>jj <UU 


, jiji\ jo <m*J! y*t uyeo jjjJ £l*h jlj 0.90 C UjljJu Ifiju} jaji\ j£ lj*v ‘Lai <&-> j wl3j J*>J 1 
'’ LjjJl \&u jj*'* ■ . .‘IVllO ill ‘U.uJlj jUill f -Liu Xtyj ^Uj ilul Ijlj 

£jj IjJjJ jj-su ijUj *£yii ji jji\ Ji. J^ull ^kuJ Lfiij iJLi* <jya iii »Lsill oljilj JJl>^I jl J^>3 2 
. L^UxJI l^uy-w J_>lj ^>3 uO_Jl jJI JJ cmuIdI lj| •" ■ jjJl jjjJl y L . 1^5i» ilc C J.^V.i 31 * j 

¥ . 0.9 C UjIjZo ifiju) *LaiJl jx* uiblt ^ I 4 JUJ 

lil • c j—* tHjiU U_JL [ ^ 1 ^ 1 $ ! jl jai^l jifci ic^-i jl ^-u>« . 100 yr. j» Jil UA I jbuJl jlyu 3 
j3Lmi^ j* J-tj ‘L-juJI jxfi i £yi> <lw <Clt jo JajI oiLio Ifjfi JM# jl jjUj jjJl L wX>wJI jls i t^all itj# 
j-m ij>iyi *oj^-ill oJLJI ) V "iyye iiL* j* o*j^ i>* j~°. ijjli> J* *JL 
( 9.46 x 10 ,s m jl 5ji>lj <L> y *yJl Lf^ ^i)l <iLll 

. c j-i U^JI 0 jjk JUuJ joj l^iuki pjUw ujuuJI t-jLjj w*> jij 4 20 m/s jj-. cmJ <^all «j-> jl ^jiil 4 

. jjxj UjU> L^j jjuju ^jJl oiAJl jii'J 
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( *j\y ) ijjjioJIj jjjUI JciJI 


«i. j'* .' * 1 * Ijh <iilj dju « j>juJ'* j* ■ 111 ' •*■" ■' ^ ojUI » dyll jl J>a*JI Ik <L»ljJ j* Lx^lj jl * . 8 

v ifM Jyb ji 

I0 3:i jliiu *ji Lu j^-Si dl^b cyb jL@ cjyZ kd»JI jl jl blk <i j3lU-» tjjJl £«»))l yiiU 6 
j&M by* (y) ) objyjill lilt U: (!) j*ilii« jkylj j* J»ji' 
JUjj\ jl (V) , gpJl ^1 Jjldl < I) jfcl yis« ^ ^yJ! r >^ J-^ JiS 7 

? ^>bl JjlJI v» lyM«ie <~cbjy 

<■ dWl* cub dliSj ¥ b ;JAJ Jidl db ^ ji* JuS 8 
jl* j* k+ii <y*i'i <uu*t i*j oyb jy>! <*iQj ol*jli d^L *yx ii ifj dLu jdi yji*db kiij v ^ 1 3 

¥ jfcuJI Ji. f>J j« l*jjkC j^*i • dlwli j 

. 5^UsJI OJA r/i* • yJl* j* U Jw-iJ J*f±i d*-Jl dJj jtl fljdl jj riw ^k *Ljj bik 10 
¥ v^jjl j■*'■♦; ■*■;•*•_■ .'«-/l yJbudl jli j J»*«aJI jlji* >j Ja 

300,000 ^ \+j Lud ljiui jky] fjii- jyyi j* oUi j* y^J> jj* bi. jyyi dsi ait J^ua-i c£i *J 11 

¥ J*li pk ^ k_b 

v ijlx, dl» Jl 5Li* UU> ‘dL* j* Jiib Ldp U>u kbj ilwa ^i#-) d-UL ijdUl j jkdl ;Ub L 12 
V jLu)< Ik dLdil obj3yU ^ kjiJlj ^>1* J_jW> ** L 
J jk j-UJI >u juu . -*jl L^ydl Ok iL>Ji jlj*>l U« ^^kLJl jy yJI jl Jjyll i> 13 

? djjj ouu* ji Ja itL* culi lil d^j-u ^ ^AJ^> 

JjLi* 

26-3 Jj 26-1 ^ fLftl 

; L—ll ,km j_j[ . ojiLUII da— j-* ^Ldl ju>1 ii- y . d*-J 360 m/s U,lji* 5j5U» yfc 1 
3.2 m *-*- 5iU! ? SytL* ^L-J ^JkSl jliil ji-! ^ *W iuJL 

jyi 1.4 m fUljl > t d^ ;> idox* iU cJaiJ y 2.8 m/s Ujlji* iuti J>b dJl jko 2 

. Uilj A*udf jli Ij] dbLL> Aci ? k-ijid Juw ^ ci^l j* ik«Jl jyL-L- pS . im1\ kkji 
1.2 m/s kj^ (v) j^ 1 (I) iAJj io^ 1 ’^j 1 ^ vk- J! 4k- £>ljW ^ 3 

0.5 m/s k^u jliiJi S>m oJ ubISjII 0.5 m/« k^ jlWJi kd* yd ytfjll a>! Li* 

V (tJ ) jliiJl JklJ t-iilJ Uj-Aji US lkj-1 La b 

? jiktfl 3 m/s k^u yU jliall ^by ^j>! >Ij Jj*q .3 m/s k^j pbVl J! jlLi dy* 4 

yUi ji y kyffil kjJI jdd- pSj (y) ¥ dwJi Jl^j ^k Jd k^ bS yLH kj- ^a b (1) 

V ,(>J| ^jSt 

i. ,*I L j^sJI kj-. ^a b ( I) . 4 m/s k-u yj^JI j>b 5^ . 16 m/s jlii Jdb Jji 5 

V jliiJl Jib did V-Jb) ¥ jkdl jL*ai j* yjilb l^L JL 
J^JB >£jiJl/ dLj cuRL- jj i jiJUJfi cJjll M >pl jk vduL Ui ji a*J' jJ»- > d*i J#W 6 ■ 
^ liUI j> * kxjl diAJ J diAL dbk Vb jjJl oijjl y b ky« kd ik-l^ lib* kukJi y ci^ll ji 

. 3.8 x 10 s m l+li J* o^l JM 1 
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( 4 rfj >}4 p^fiUb ^jLJl J*i)l 


*-&j> **-> Jjb f j-ti Li»ji« ^-ibl Ijl 4^i.J[^ V jir+i L Lii> jli Cajiill oLc v-Jl JJL 7 • 

j y^i i>-l 'La jl *^! . u + i* y <JjLjj UjbL jbLj -u_aJL Jijjill itj* jlj t <wju! ybJl; u Uj!ai» 
v « »0.6 c t ( c = 0.7c ji yi). c j-.ySl jjS*, wUJt Ji ; c j* -A <#-5 ciUjJl oil* lij U^> 
ji °y* • ( LjliJI <^utall LjiauJ l Lh ^ „ i >i I» Jju La yj jojtt 4jmJJL 1.3 C Uiyll OwliJ 

^ '■ ^ *#- JI M 

bj-yj jijif Jai jJli ^ ii^jj oiitlj v = 0.7 c bjljiu ie^-u Jyb£ »Li ibL ould Ijli 

V o—jJb vijiill uj5j pis . u & 0.8 c UjUj 
j->ji. i_u^» i-LL vUiJI i^L Jib *Li aIIj ji JLJ t 7 fij ilLl! ^ S^ill jJu ty* J 8 • 
jtfjj oljl^pl jj Ll*^l ^jLu ji viiii-J Ja i !UUl J*j py» j! Jji ) . yafli ifbJl^ LyJI »jj> <iy* jljii 

(7 Lalbll ‘ji.j'ili 

26-4 pbtfl 

:ju> JLL| <pL* JmIL Ljopj 0.88c UjIjIi «j_u «ily£ luLi iLL Jib «LAJl ^ 31>j Llli JiJ 9 
j-t il3 Jyj *k»lyj ( I ) 4«.b5 pj lij ^LuuJl Jam pS . ii*JjJI J lA/j 68 J^jJ Jam JJfJ -ilili 
jiji\ Ju jle J ti »■ J <lkJ^ (wj) . ■buiJl Jib U>Jl 
‘Loill ■Lui— Jib Ujy»j vl«l 2.0 h 4 jA» jjJl ‘bjjiJl jl^JLil ^jjil jl{ l»^ysu j^yiH o»J ‘'Li c*>l» 10 
t < m LJ b L^m (1 ) U>_iiu L+j LfJ «uli jlll soil Li . i>«plJ m_uIL 0.92 c Ujbiu •n^-u yiuj ^1)1 

V jiji\ Ji- J y>y (y) 

( lj_>y aaLu j_a —^1 jjl _ 5 j oaLLJ 1>Lu ^ LiAlC 2sa Ui ,i» J^aIJ ^ ( jJI j-t'M jl is?) 11 
V o»lill <U j~> jlji< _y» U 6 8 <jjLu 8A>j JjaIJI jJuJ Ij> Sj&S i*j-v JjjjJI 

Vi j< I 1 1 Jib jj ^wL Lad 0.5 M J iLld ij»J Jjiij Jjj ^jl^j OJjj Ji •■ » <Lj]l < i [i ,( ji JO ail 12 I 

3jjj L^Jjaamm jill SjSiJI jjj pSi ; 0.84 c UjIjm ^LjS'l j t- Ijum jlkls 4j^LJf ajl5 Ijli 

V j^jS'l Ji- J_elj OAftlil UL 

LjIjm icyLu tLii 4 JLw Jib ijUl ojjb ouLj Ijli . U^j 960 J lyLu jmj cLu>j SJii-a ^ 3 jU Jivli 13 
^ jijS’l L>-> Ji JAbi (i-j) J ‘LlJl J ' • Jib iAlil ( I ) Ui (jlil I w t,rtl jyu_u pdj . 0.90 C 
20 m IajIjm liLa vbJu o j^JI j* i*\> a-y* L» . 2.6 x 10 fl s iLuj jjv jjj y> j^Jl 14 ■ 

? IfJ^bbl Jii J«*ll Jib 

JJlxD J J^i 5.6 m oLJ jJ^uCi jJJI oU^—- jjJI pj_> j-« Ij^a> Uy JjU* ji>l J ‘UUll JuijSI 15 ■ 
_»i xoJ bjj £ tjuXfJl oL_yJl tii yk L . 0.9880c y JmII J Lyc^ jljiu jl jij oL-c>J 

¥ J**ll J ildL 

4_L»j jJJab ji J_jJ i jjyi >j*i i^ill y-e'il »lii i iu j«Jjl y«ll j* Jill Jj^uj ji’iJI jlj 16 I 

Jyw i ‘LidI <U|L_I j-ib 9Jy>yi C/LcLLl > I .I> ^jly—J j jjt Iaj) « » ‘LUI <LL( Jib 

yLj^ll ole Lb I i i ii > lyuM jjJI ojI 1 ^liJI :j¥L» jJ liby olil jj^i Jjl£^ ji/LII 

V il>yi JMi Ifj yL ydl ic jJ I L-yu Uj 
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(jjjji y&liw Ajilj ) jjjiuJIj ^jUI J^udl 


26-5 pJl I 

j_!c jaLSj Ab_J^ UjIp Vy-Jl JjL ^ . 40 m jit u &u jj> *l«j AyL. J^b ^ 17 

f 0.9885 c (y) j 0.3 c ( I) LajIoL* <£j-u ji/i\ j^ya jyj j»j AjbuJI jy <jbji\ 
4_9wcu OjISj , aJ^Ix' <S\\y C^yS APjy A«Ul Jibuti LuuJlq LSL> JaLuJI jjii UjJlC ii via Lo£ J*L juLIu jyLi 18 

? La*)! Uj* j» U . 0.6 m jk ^UJl 

Atj —jjj t JaLaj j_>! j_J qI«j..i>II ^jLu jj 25 m a)^L Jilj iSjy - jy .JjAuj 19 

Y till AyjJU J-v*il j* yuujl *j>JI Jjb jyi*w »Sj ^.i>>ll ii» \j jjLj sUl >*iljVi" jJ« 0.9880 c U JuiLi 
. aa^LsI j>^l Y 0.82c UjIjju APjy u.jaSII jJbl , USLi jCL U jl£ 4 cm aaLu> J^b i ^Si 20 
Y JaaII jffi pijjj Ujap jj»Uil u>> <j» L» (w) S‘ lISL. Juu jj»Li aj-JL %_*nill Jli y> U (1) 
ojyi (> |>5j i *Ljj ijyjui j3 0.84 c l»jljJL« a>j-w oyL Ijli L^jii 4.1 x 10 1H m objSl j* ^>0 w__%5l jajj 21 ■ 
Y OuAJI J>lj ;j>y jJbLu oljj US (y) j Y ybjS'l jl* USL ijib JJtLlu oljjj US ( t) p^uJt dJj J! Al>_JI jjKLu 
JJj Jyi> u> L» . 6000 tn AJjb b^JU j^b Lfj AbLaj A-xil AjuJU 0.92 c UjIjJu iUjy »Lai AmL 22 • 

Y AjiLaiJ* <U3uli ^U 1 Ifil^b *liil AjuLJl J>Ij jJbLLo AmoL US j;>jJ»J! 
uuu jaLSJ jjjj US a!>LUI Jj_b yjt L> . 100 km/h UjIjJu ac 5 m IfJJ? JJLi uLm a!>LS JjaII 23 ■ 
ojjZiJl ^IjiioLil Jjiujj i vie ‘K 1 LfjJ ^yJl aJUJJ Aju*jJU ; Y Jj^kJl yuL> jlc USL 

. VU-^/c 51 )-l-o a /2c a 

Jji« t 0.92 C LujljJu <Uj—0 AiSl— UaIjl*I t ^xuiLaj Jjb Lj-Uiu C**l 2lii JaiJ 24 ■ 

L*ljj US ^uxUmJI Jjb ^ AjmjJI Jjfcjl , is^»ail A l ii J l JiU IjjLa SO feXe jlSj . jajjLxi UyJ_jJ» 

. jit LisL v_lij Jji ^xLcl» . . ‘ Lbi^i 

26-6 ^waJI 

Y AjjS— aUS j» 0^4 <UU /\ L^al m_l> aJjS jvi; jjjl AfyJl jA U 25 
i 0.1 c (i) AiAw jIjuU Uait o)j&) nt™ J^ji , mo = 9.1 x 10" 31 kg j* ^ 26 

, 0.99 c ( j ) j 0.6 c (.*) i 0.001 c (y) 

, 30.000 V (y) j 300 V (i) SjljiU , i0 » U j^ji ji < ', ■ > * “ p ^ 27 

. 26 pij aJL]I j 4 ( J ) JJ (i) o» j* SjjS’iil oU^yJU IS'^km j^SU Ualfi aSj> a3U> juj-j! 28 

Y AjijJ jjSLJl a)uS aj lb sjUbi 8 *j£j> Jili> Ify j» U 29 

ajSj> olb <US yu*>l (I) . a^WI olilbJ l5u>i aJjoaJI oj^lH o^->oill ji ol« j ..i >! l 30 ■ 

. 1.67 x 10' 21 kg AyU mo jt*' ? <3*j- jA U, (y) 6 x 10® eV 

olbJl 0j_» CuAAvuJ Ijlj (y) Y C»JUJI ASlbJl jljJU U ( I ) . A3lb JI UUj cJj>J Ji ajLll ^4 100 g ^,1 jejH 31 

Y Ifii Jb,» jjJl Sjiill Ui i 75 W Aijji ^Lm Jj iis ji 

li’Ui yj —u ^11)1 aIiS ji ftjUJU Lyjl AyJI jA U lljjSj 334 kJ UjLua olb ^1 j)I j* 1.0 kg Llj] ylkiJ 32 

Y jUjjJl aJjlp pUj'JJ cii^l jjJI 
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( L jy ^alb iiMi ) ^jLJl J^aJI 


lilt jjl , i« ^ ll JiUJl !i» |y riuj , *111 !> 18 g jjSu» j^sf^-Till j> 16 g j* 2.0 g aic 33 

? UjU! ^ iJLJil i£ju Jjtj v ULwi'l l^LJI 0 jjtt y Djjiiil HbJI jljJLa L» 1^/3 572 kJ Lajljju 

26-7 

jy *• j— j (w) ' 95 MHz 4 i>v» ( I ) J{ ^ •“jvjl J^>JLj cJ^i jjbu . iilLJi >_u*>i 34 

. 10 10 Hz j*-** 

1 955 inn (^) . 5 cm ( i ) ^jil jb Ijj _ Jy>JLj oJy jjjiSl'ilt Sjjju . jjjy lilt y^l 35 

. 10 nm ( j ) j 489 nm (_*) 

1.2 MeV (^) 3 3 keV ( V ) 1 3 cV (I) <alt tfyl ^ J^sJl J*j! 36 
U^l^xli liltil ti» jjil5^ jjiyd JjtJI ** l* (I) , *kT li *j»J <Jliii^l ijjljjJl ISjjJl lilt Lw 37 

? gjUJl U (y) V 30°C jii 

4Jjt tyb oU^iy Jl 0j_5Jl >111! lilt J-£ Jy>J yi n Ill plijjl j> 1 kg l$j£b *j± A t ij> tL»j 38 ■ 

V oU^jyJl JL jjx ijbu pii 589 11 m 

434 nm Ji -djt jl>Ij lilt I 4 J jji ^i> AbtyJl liUl ULil j jjSili ijSJl J* bill fliSjKl y> U 39 ■ 
? pbui'jll ilk j jji)S lilt j» U (I) . 633 nm ^>>1' <J)t £l*ij 0.5 mW aJ^jS i> ^w 40 ■ 

? 5a>iyi lulUl y li*>u Iti^ SjUl oU^iyll jj£ (y) 

26-8 

Djtu ) ojUI oifj JjLlJI lib j*j! . 432 nm y* liuw UU <>> Jy*)^ ^Ia^?U £>*JI j*>ll J>WI 41 

• ( 

V 465 nm ^yil j^yil t^-ljt 5 jLL ( oJi lib j* U 42 

v JUJI lift *lj uiutli jtlt jj (k-i) ? OiD Jjtll t (I) . 4,74 eV 4 A il ! JibJl Db 43 

, jUII d)j ^tu. J* 589 nm ^^1 aJ^L jJ\ LLu } , 1.25 cV 4 i«<i <1 JUI Db t U }li 44 ■ 
3 UJI oUil ^1 JjUl (y) j ^Ul j» ituill i£yil\ ob^jU ill 1^>>JI lilt (i) 
liuili oU^5J>‘l jlii Itj—. ^ Lo . 1 .4 hV Lf-Lib lib ojL J* 434 nm aJ^ 45 ■ 

<■ lilt ^LJI 

l^yJl j^aill «jJlj . 2.3 eV 4Lb Ub ^iil ^L» J* I J>+4N 'ye ti-; 46 ■ 

9 wy^j| Ij^J ^>^11 J^laJl yb U , 1.2 X 10^ fll/s >»%LuJ^ {ji 4j^uJ( 
yk IjjyJl olij^^U A-ui fj Jill JU<)I jli > It jjb ^ 1.3 x 10“ IIz ojj y *yi tU Uoia 47 ■ 
t J^kU >Uil jj^sil y (v) f SjUI iV JAJJI lib ^ U (!) . 2.4 V 

Jli/il oum>I . ( 2.3 eV aJ JJLiil Ub ) bjJI jk- ^JU 340 nm ^^1 fl*il ^L*, 48 ■ 

. UUJI ftia J J,yi j^fll 

( 1 ) CN (Isj-?- ( Lf.. rt A> j_c U^ill oljiJI J—aU lij^il liltil jl) lilt £t3 49 ■ 

y, bj (y) f If-iuu (> CN 4>JI olji iiift* ^ ^ U (i). I^yc 1.22x10 18 J 

V £Ui}'l lift (jutil jtllj ^1 jij (-*) ? ^Ub^ll lift 
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( 4jj_j3 pslL 


26-9 p*iJl 

v 16 eV <i3LL> jjj^Jj Jj>J <**S p *>j y> U (y) \ 16 eV Lilt by? L*i' ^ U (<) 50 
ixJ^ ^Sfl) <y) (UaLai*! p (i) L-a* U ft* J» 486 am y?' <J^t» jy? y ?y Jill pjJl j'jL J*ji 51 

^k>JI j» 

l l_»jLai j-» p ^Lolj jjJuJ 4 juJu {A -/J/A i jy*$ > . ‘~' >l 52 

. A = 0.45 nm (y) j A = 489 rnn ( I ) I i| jiLj JixJI J| \£>y yUCb p 
I yjk U , * jiL, uili>Jt J] ijjj* fj . lISLw I \’j> lij/SJ! 0.45 nm ^jll by? yj-aj 53 ■ 
f ' l<>4-u i)£i 9 f J*"*^ 1 *i 

. 3.6 nun 2 y>ju-J\ lyU» A»L- i»'y 633 nm <ljl> >y*t > 0.5 mW 0>ji by ?. p*U j>J 54 ■ 
jle o)*Jl lyj Jy Jh\ 5yUI y U . A44IIII y iij*ll p (aUl* l*L- yjJJ ^1 o6j3yll Jot J>ji ( • ) 

? A»1 S jaSaJu LjuU (_>) ) UUi If^LaiJ p IjaU (y) ? wUJ! 

Jjk'l j> «i ( i ) jyj& i> o‘Jjy% 0.800 nm ^jl! l+Jjb j*S\ ouii oU^y fjL-u 55 ■ 

Jpjdl !Lu£jIjL U (y) . UUi fLo^l dI*^ V—JJW 90 u UjIjA 4 OjIJj yU j2Jl #j<lJalll oUyjiU ^>yi 

? Oj^JI olijyiSJ'.ll JJ Ij-lii pi 

LajIjJL* Up Siy b)j &)ll £>|» • £>51- >>■ jj>&! u* 0.680 nm y^ l*Jjt AviS j^y ^IkSi lui* 56 
Ojj £^iu i-jfj AJ jAp (y) ? j^yll ^^11 JjUl y i)y*fl &k ft (I) , 12 x 10 6 m/s 

26-11 j 26-10 jUwAJl 

. 1200 V sjIjL Af^JJ J^L> £ij£JI £>4 <i-iJ ^>1' ^1 ±>)\ 57 

V 10 6 m/s (y) i 10+ m/s (i) UjIaL. >* ^ 58 

? 120 km/h UjIjL 1600 kg oj- 5 ;M JjU* )* *+ 59 

9 (V )) ^ liA ft jl 0.4 nm <J J^Jl p*> **j- y l* 60 

S 6 X 10"* in Jjy JJ JU> jis,! y> jjSiJl !> y^llall )* 1+ 

a^JJ JjJ J^l> j^SuJl i> (q = +2<?) 4i»vij m - 4 x 1.67 x 10 27 kg l*jfcS pU 5(y ^ ) UJl p-> 62 

? II* LUI pyJ ^>^11 JJ )* 1* • 1500 V #jbL 
jj y> L ( i) . LwJ^I ijlj*JI ol jfjj |AT USaIL ^ L jti J>b y j } yQ\ *iy «lt h-*L 63 ■ 

? 0.8 nm ox^J^I ^jll Jjy JJ J> ^ 5jlj> '<>jJ <ii J^ (v) ? 27°C Le jli y y 0}ftty y^ J}f. 

J } y JJ J^L jLi 4 LjjuJI jlfll JU*[ jU J cull. ( cJyiL ) V j*> jy ibU. j^SJl & o}ft^\ J^* 3 f 64 1 
. (olju*.^ ) A(nm) = ^^ ft US Ct j*lJi j$~ y& 

26-12 pill 

LMDI i_i>yi JljkSl y-L>l ( ! ) L = 0.63 nm j»Ij A« jj Jy> jjL-» J>Ij \jya>* Jli* £>i y*' 6S 
jjy5SJ)U Jj'il iJiUJl oLkil oLp-u lilt yu>l (y) . uJL^)^ Jj^ 1 
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(<bjj3 fjalit ) jj^ jUI 


j>ji. (\iuyj <tji jl« l* y>*) 1.0 x 10 " 5 nm cbj-e jl»Ij jl* ^3 jju* j-» oyjji 66 

. jjjUl ji JjS'l Hi^DI olyi-JI 

, 15 eV ^(n = 2)*i JlsJi jyull iilfcj. 4eVo*lja* & 3)±* j »#*>* uj^ ^ f** 67 

. ji w . rt ll juj iaJl J)Ul 

^jcoUI LiijJl jjjJ »L« (i) . 0.040 N/m o;lji« J >3 o*li jj d*)j J> 0 * 100 g UjIA SH oil* 68 
Jj*JL J^L>! & s* ? v ^ 1 M ^ £j*-ll <*WI ON ^ ^ J liij ^ (V) • f '^ 1 1 ^ 

• ^y oi^ki 

d*Jj ^ U. j<iJsui/ onj* " 4 >* ) v*j*» * y ** 11 O* j& f -yjjf 3>> ^ 69 

oby-u o« aujl opi C jv>Jbj oJy tyjSWL ^ ‘ 8.66 x IQ ' 3 Hz «J/ ( frij 

ojjjull l*>| ' Ljj rti-i 1 isllJ' 

ijm jjjj ^ l, (i). 6 cV j6> </*'y (y -* 11 ^ au> *•■*' <f -*)) au#u f^ &* 70 1 

f kjjjjjl' 1 ’ij I Lfj ^jA-dl 43 tUl CfLjj-u j# Ollail 5^*3 ^ U (kj) * wi/jill 

, 5.63X1013 Hz y^wi ojjjJ &\y lji*3- i.Ul jiil 13! NO $*l (v5j5— 3U») jWI SJ* ^ *)• 71 ' 

26-13 

Ui ilUL 0.5 J 1 >3 tf* ^U3 ol £*i ^j- ^ «! • 24111/8 u j lji * *»j-< 15 * ^ */ $** 72 

V » jJji ♦* 

9 IojS ,j\£ j 1* • 053 nm J* b ^ j Oiy^! 3** 73 

9 iiUU 0.5 Jl J-o3 0 ^ oliUJI o3* ^3 U 2.3 eV y*j U »;3 ^ jjySJ! ^ £*> 74 

j |jJl. ol ^ ^IjJLLI !3-» lijjSsl Ijli . lis/5 5 x 10 15 m ^>3^1 U>3 5*^5 J>b jyex oy& M 7 5 

? 4jjlk ^ ? u^l djX'* 46 j ^ j\SU jJjI ftf ‘ oy^ 1 ^ 

• 6yt~j oyj ^ 1 j ^ 1 

uu*»l * ^ 1 % OWJ # 11 ^ ^ ,3 ! • 5 MeV ^ 3*i« oyjji 7 ® 

,i^ju 3 5 MeV 4 iill» ^iJI u^i ■ j j lji4 

9 ^yyi\ ij> Ult J i&to jIj u L . 510 nm ^1 <J> tyj jlljJ Jl 1 x lff’s & ^ U U Sj3 77 ■ 
^ Jjj., J J ^jil J>ui jjS*- 6,63 x 10-** J.s <> ^ 66 J.b JiM? jIA u# »! 7 8 ■ 
ijLi! |^J V^3U! cy oA^‘ J l3i * ^ ? 6 m/s ^ fi0 k 6 Cw 

? « OmH * yl 3*p /*o3w*JI »ljjJl jllu iji 

i#U jjLu 

4 4.1 x 10 l « m |Mj ^jS'l c >3 lS 3JI iUi ^ O* vj* 1 ^ j 1 * <M ^ ^ ^ 79 " 

p-ul>fjl (j_l Tjji *ijL*Jl isuISj ■ 0.9970 c UjloL le^-y uijSl ^4- ljS*« ji Oj^jy 

yj ^>l 9 yj Uxui ibUl db J* ffiljtJl ue jjti (S . 8.4x 10» s JS Uj^ ^ j5l& 

. yijil rk, jjj ,> ji iifi-Jl ji oliilS ttJjt «J-f; fSf J -^ 1 li* o' 
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( i/jjJ Jiili ) jjyiuJIj ^hjLJI J-rtiJI 


Jj> jii* i> ji o* <f>^* oJWl j <^ju *j U>~m Oi^ll \y\ *iku j 80 H 

lj^Jl>JJ JL»JI j—. b^ull j^l jli . i^j iild. jy ojAll obfJl^ SjJUj o« 1> IjJ (i) . 1.6 km l*i« j*iil 
jl IjJ jl£_- j^»i jJu IjJ (w) ? bjilkll jljrft ^ L . Jm) 1.0 km iiL* L^i# ^15^ jj^l. 

(_>) V jUail yi,i ^_lc iiS'Lj jvi L<juf j ijlLLJi JjL y> L 20 m L*jy> jt j>y <iy jl>J Uoic syikll 
• 4 —jJj ^ 5 jJl JJ jjjb j* Jlili jU JjSlkll tijXLtj jiJI jijJl yiLiil 3JiAj ifL ipUaJi (j^jLJl j>i Jax> 
j jt jjl&u jyUaJi jUi oiyi y*i mj \j»\ jii-i A>i fjL tj ( j ) ? <pLJi uit ^*yi j* L» 

':' oijjl I jib y» l*j . 4^ jjJI JJ 

Ujliu if fb?JI *jjb JJ LfJLjJ *Ui ijui- jl . 4.1 x 10 16 m jijil jf tijy*- M o**t 81 ■■ 

dx—j jiJl j_ijJl yi j (»_j) v i+jjSl oUUU Idt il>yi #j> djiuJ jill cjJI Li (I) . 2.1 x 10 H m/s 

? i^ij ^ idUi wiSj jjJi yuii j* l« (jf) v . iuyi iuji j>b ijj^yi ouui 
V (-*) ; (v) ^Lu ^if »li* iiJLJI ylSj Ifwo US' iwi-JJ *i/ltll **jJ( £4*- fS (j) 

0.88 c bbjIjJu if j —j J^kii y*Sil ji &>yi\ . 10 kg ol*l^> ^jS iji* 1 m *«Li jy» o»u wwi* jji 82 » 

? s_jmSll jM JibL-il Ai-kiili (3J>jJ diill) 1-1*5111 iiUS jIjai U (I) . *f^Lot j>S 
L*^m 4 0.4 c 'jbjljii I yyi! 4 '-i» idi- o**i iK ) 1 83 ■■ 

jl ^IB jiJI ifj- J* U . 0.5 C Ifji JLc ildJl iS]* jij jl jnkw jlf yji*Liil Ja-.J yijVl 

. 7 fij iJLll >JI : ptb V iLMlI iiei- 
jJ iilkll jj* JJ jl 1.8 x 10 17 W yO yjjto yjT^I oliJi JJ jSlI <h+H\ olkJl Jo** J-* 84 ■■ 
¥ ^lf ill* JJ JjJ i^iij 0 j 33 yu yjj^l ili^ ,J» Li . ili5 J! L+ily-J yjjSl L^i-Wll 

5 Jl J -*5 iJj Jjo* ^ Lxi*-» 64 i)Lll y jiiil ^yi JysJli j^LiJl ji**iJl <ai -jfij j^>- ^1 i*ii U 85 ■■ 

?iiUV 
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<**t< ms ji 1923 <> oiyji o>^ 
l*jll ytflj-iJI JLitfl m3 ,U ^ ^ 

J-ilj JjL- f+i ^ 3iP 

J^J-3 J-fy * 192S f U. ol>Jl 

L-ijilf lilUi olyi-* a- 4 fJ LS*M 

i CtfUuij *>-ill fLjviL oljjJI fyj Jtt 
j^-ol)I j-*i U^S J-aill lj> ji y-;^ J* '-* 4 ^ 
oljjJJ 


oljjJJ o>Jt>Jt jjjlill 27-1 

jLfcorii jwi-i j_-S'i J “i!»s,ui J>> oii^i j* «> J* 

o-Jji fiUll r UlJj ji jSiJ aii t ijiU JjjHI ^ jjf y#» 191 1 ^ j> 
Jj 27 1 JiiJl J> UoLW bJjll ItfJl *1*1 j* *«H WJ 
oUh* . oL-aJI Js ollSj . Jllitf ^ill fjpljll ** o* 'ilW 
JUj jj luj> Ail . ^1 *ljj 6y 1+^ ft L j*i 1 (®) w ' 
. oljill ji oil* Jt <Sw A (J ^ <> j£> oL-*JI 

j- li-p oU*j)l jjlW Ltf i ( 1 ) *>)l j» ^ Wj c*r 

Ijyjl l*J . ■■ ■■ J ji oU^-ufJl *LLL oljjJI fyii j< jLi i Jyl 1 
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unit nuT f 


( ijjjJl iilUl olljjLxj ) jjytuilj jyUI Jrfi)! 



j-U : J-SuJjl jjt (y) r**y. oul5 b* ;> o^juJl jl jJU . lyl? 

IjuJ* %Jj bj£ jli 4 v_jl^»jl ^1 t-LiiJl lyJ > Ii.iij |J oLij—kiJ 1 | kLu ji ji 

jJ IJl> Jjii AuiSJj oUU Jxui ^jvj OuJxijI jJ cblS j) LS BJmj ji Ifb 
SjjJI Jj-> >*i !j »>ll «H *-uji ob*Llll sift Jjjijjj ji) jjifll jJu 

ijjjiJI »JiJU jyy U 

10 ,!i in yK) LftjLi Jl-o) i_Ly siu> Ijj»- < 4 !L 0 ol_ji ojjJ( y>y jj* a>w 
t Z? Lfcjlji* 4, ‘ u w ftljill J**uj . BjjJl 4li5 ji iiUL 99.9 y>j L$-d fijit* 
• j^uaII (jjjJl jjjJI Z Lil v <ixil U1UI e >iu> 

3 j * M jl j- ! ) 2 j 7, - I ) SU—ill Jib oliyijjJl jxc jjLg j») 



oljJJI jbi Juu jj3 0j4 40,000 i> yjk SjjJI _jk> Juaij , ( l_>> ^l*j 1 ^uxU 
jj ^ ;)Ajj • jSJi <laii IbibJI ^ jt^Jl jJidJjJj 

jj-5j lirf—Jj -Ze 4£j*x* U 4JcawJl jt J**J .ybj »lyJl ijjU y>^l «LoiJl 

■ ■ b“ ^jjUiJjU c*>jll <_ytLJI jl yi> L » y o l jij Wj+S <Jjl*i* ijjJI 
jLj L*Sj v. BjjJJ AyibjjUl A>Ju»uj jyliu bj A uy i J l 6 auL 

. jl> syJUJI ji j» JjjJI ^*s> 

iyli^ y* J.yii* jytji ji jfiu jilt ji>) jAyJl #jj V £#** *ljiH 


,I>J Jjyjjij ruLjj £_• jjju 27-2 J_ii!l jj j^jil ullj 4 Jjiii j}j$l) *^1 

■27-1 Jli 5I ^ 1 ^ ^ W fA 1 ‘'r 11 Jj^f 

fl —it pt—i- a ujLu—uo. Jjjijjj uiji jjj tfjjj j' 'aj* J-b jl jJ# . oyi»ll yl^ 1 jii*y 

^ f 1 * yJ»i jiHJ •> ^ ^ jily 

iojjjsiSl 0JU1S) jiHii! Jw>i pj j_«j . Olb JJW3 Lirf * JjLfJii » ,ji a j"i ijUl jli jjjJl 



JlL-J ^j>_jj04^Jl oljj iji 'ij. jl^ilL ^ 1 L u JJ jjjjl> jLj j jjj&y 
jJJS Lfji liliu l+yp jjysc ‘ oll> i - SjUJI ji - lfl[ ij i ilLil li» 
, J>L ji J5uii libli jjii jl Jj'i iA* j**) 

I-UJU Jjj-fc o->0 fboj j^tj jl# lfS> jj ^jjJu+Jl olji (^1 jie 

l^_U» l ^SLw ijiaill jjlj^Ji Jj kiitjlill <ji 1900 J^i j^U cy jij 
^ J+> pjj ji Sjl^J j\y\i 415) (Ifilji 0 S*i ji) u y J> C* 

OjJ_> J_»£ y-i k>i l*yi - jll» - ob^lp'^l ^ JxaI^II jj^jJl ) . IfJjl* 
JtJjS’l i-wljJ jS±t) . ( SyjwSl jijJs Ju«i Af» ik-ljj jjU £iji; 

jii jji5u— 1 [ |>ljil_li 'yiil ji 4 U>LJI oljUJI 8juft ji vllAJUul »jJJi OJfcjll 


, 17 25 JSAJI 6-25 -Ul J Jiy jiltf ( JU- ) 
:27-2 Jii ' 

. jAjjJjfJl iji-Jyij-aLUl fLt J-*i Ji-ai^b ^IjjJl ^ j* <>y»JI <jA£ f J«J 

j\u JJtj&Oyk. jjj^\ JW Jjj U A . o( jj| *jj,A, r a*J. vUUl o' > ■ I960 

r ^ , T7-» r t . ■ -^ r .^ . 

Jbt'il Iwi Ifl tb ^j 1 Xi ji>jjAyJl oljji. yLL jII 41i) Jm jj jt~*> 
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( XM o\jyL»4 ) J-aill 


(y—ijl!l uOUA ) ff-J 

Jj •■■'■ uyx lit Cki/t jmuJI jaui> 


^ '-J 11 fiUJI lit US I Ij nA i il" 

ir» w_-» ■ »;W' *i» ji 

^—*■ 0# ;Jfk 

■ >* if # 



i_Li K Ji J»j-k» 'l l .j L o* Ch-?)j 'jf II >i«* f * l * M jk H o* jSjil V>»JI ^ A*> 
p» U d^JI k> ji 6-25 pill Ch >i5 Jlil ilil) • 3 27 JSAll 4*^* jN 

pj . ( 4 1 n i l . 4jj_c p>-j. J yk JSJ} I 4*^1 »;p j 

j^oJI <kJ^ “Jll JuU\ Cm < j> < M 3? «W j ^y 1 4jj j-A 

. i,;> .liiiii jy oL>-yi jLvi js- #jjS jit o^iji c«*Ji - 4*iyyy 


27-3 JSU 

Vi < > it .Ul Jp y&j * V mV “ 

k j-^yi J^-UI JJ LIS 4*-*; j* Mj' 5 " JyW» O' k -^ 1 j* ^*^4 
pjji «j ^ ;«• >. A. ~ 364.6 nm cm pji j>y Jy» olj i»y»> x>y "i oi» 
fi LyoJI Cm Ima JU ji ^ . iLUl j> <UJI ^ yty J> 
po Otf «|/ 3 J' CaJ Jil . JJi i«u 4 **/w*» (jill o^ill illjj U-LJI oi» 
,y JA> ^|p k> 4ju V"* 9 * ’“■¥*'? <> f4* Uu lk» 40 

0 1 ^JStfhll o-* «-ij» « Cm! JAXj M^yj ^ oli J * 4 # 5 ^4^' ^ o' Ap-J 
5p J/i li-» j-** p jJj. 4>y jHj*> oy^ <*4-* Jj4o 

' it _ jILj A1 1 -^-‘ p»b Opi iLUl dJj l*jjju 1885 y yo 4k_/lv 

itLuji itpiii ijiuii ifip jjwuJi oif» i»yaiij A^yi Jiy>Si o^ •*>* 
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( ijjjJI ifllJI oLji-w ) »LJi J^JiJl 

jo-6 ^Ul J_>j!l I ijl »' ojU if s 1.097x 10'm 1 &+> 
JjjJix) L*>_)ll Jljlrfl jui Jl J] 3 y« I«Jj Ou*«aJl JJyj <UJ 
DjLaII jLi L,l^li <jjL_u n i <—Jxi LijjiC't 27 3 JiwJl <j^i! j*l^ <LnL» 

. 364.6 nm iLUl x> J[ 41 $ 

JljJ>Sl j_» J_/^Li I 4 -U >*> »^>* jj> j^ 4 _J oljj j' jlaj Ua 3 J LS SI jij 
oLlaii jUJ 4 JLJL 1 MJ ki*}> > yij < L L I j 'n nii jjJI lillj j">b- 
tlj-oJI ojj Ukiil jj ijiLy aLJL 4 Sj_yfcJ! j«j oL»Ui 

; jlL 4 JLL Uj'jm IjjuS txij> o^jUi ^"O ojjt ( 27 4 JiiJi) 

« 

| 

:27-4 JLi 

JI>Jrtl ijG -OLill i j i j L f i J-^LJ 
Ciljj 0 -* 4j_**iS ^ j 

• UAJj^ « 

**■■ MH ) °- 2 ' 3 . 

*■■ M*'*) . 

1 Mi'£) n=4 ' 5 . 

J.SJ OjUJI jIjlaII j-Ju J= 1.0974 x 10 7 m 1 . \’j> ^ 

, 4 JLJL 

o^LaII ojj» J-l* > .>! »» o' » j* jJSl Lfli ^iyi o* 

, oljjJl JjL- . jj LliU Jli* jl A)*)) 4 »liL*jjl^ iiiAj Dj»lt J* 

. oli5U)l <> iijuill oi» jtfb jfi iJy-Jl j*j 

L* 'olt j Lite jjiL JjUjJI 0 * ClU jl5' o*» -1912 ^U }LJ j&l ^ 
xi) J^W j*-£ Jji - j 3 •b ^ 1 

Utfjll U&All Jjrf. JJl, ^ * 27 2 JSUSJI y ^*31 gijJL m Ij, 
ILLuu JjJij jii 4 flfciL Ulu ^>**1' li-» J 

,jlfi . ^LfciJ 5U Ifii JJsj ol BjjiU ;>S *i 4 iJ^ll Sjluil oljljll yiu o' 

^ IjjLi 4_k^ J jlS o[) j *)£ l*“*b & ^ I" v*# - u' 

. bl»tf tx*Llil jjJ- 9 0 1 * 

i*fJu l+J/ yi 4 Uj34^ 4lij ^ ojii uui (> ^1 jU^ 

^ Lfjjji ydUJUj .ijui; bJl> CXA^i l^ji 'il J dlj XAJ iyij3 O^ill yii>l^iJ 



- 1040 - 








(ijjjJI JUjVIj iilWI j'a^Lri) ^Ul J^l 



.4 


:27 5JU 

u_kj ji-li j_^k jjjsNi a±y j*ij 
4_U £Jj_ujl ijt—Jl utjltll 

lM 2w jlJ—*1' Cli J 1 * 

i> $»*a lijUu 

J\ Uiljt it IfuA A*** 1 ' 
L_i» <i^)l ilUll j } , A 4 iaU 

. !2nr = 4A 


. . L»Jj>j wU—J j4*ti ji pJ ijiua oljlj* Jj>j Jj> jy»Jl jky J 
L«l^> ji J jj-i jj ■_« *■“■*> i 1023 pic ji ji'ill IIa pjij j£*l jil 

ijjJ jS** jjyJ ILjj fjJuj ^jlill J r USl JJ jiii- Ij^Jj . i«.j* 
O$U...i0l3jl imjil LjJjuJl oic JUeu-*} . •U>^Il *w j >» Li lL <j liUiiSl pj 

■Li>ljl xJ pSJi KjiKj» pljL xl^ L ojjdJ Oj>^J l aj*JU 1I jl ptjll jltj . ojill 
. UJU Jyil r'iyj^\ p^U Ijjmj vj)- ^ liij . Uil> 

4jixwMiil <ui> iij j 27-2 


jlyJI Jj> jli* j3 m <i]jS jjjiSJ! (> ijjit Sjj (}l jijiiu UfiJ 

oljj jit oULutJI oi_* jjuki ,>♦ a*; Lui <>£fcu ) 27-2 JSLJI ji US 
. ( Z = 1 'd*'-) 1 y**- 1 ^ Z>1 <&*' 

. A = ft Imv y* *J j»yi Jjj) jj Jjt jij Al>^j o®iy jjjjSJ'A) y! 'j*> pUij 
i->j* d Jjjj jj o->* jj-£ fJL* »>&*• *J(» j* 0* Cy/^7 1 O' 

{ iiv jidi j^j» jyo oi jj'S > i*yi '■** J>' j 

. Aj^yi jiySi j» ^ >-g jj«) 

J_£UI oU w j jJIj jljLi ji jj j*>j jit JU* l)U*j 

J^> Aj».yi cul-JI UKj. >u>m Jijtl A»yji <jy» JjU^ j'j* Ow jU'» 27-5 

Lj_l yJt lijftft ‘ jjj £iij 03 JjJ ijJ_*j uJ^-i Ui jli olji jljil 
n jjut ^ jIjJL L-JU 0 *^' o^! iJJj jit) ■ Oiiyij ijii-i 1 *JW 

✓ ^ cS-J 

nAiiMUon = 2wn n -1,2,8,. (27-2) 

Jiil j'J-« O' p'j>^-4 J-^ 1 OiKJ 

JAij py- *S jlj-il lj_* jl* ^3 . Iy~** O' ^ 0"^ ij*l' 

^j^Jl o-> jlj^ jijjSi oJ»iu ii»-i ^J-A: ji' iiUaJI ^UiJ* J-*ly 
jit (27-2) AljUll LU5 O* ^1 Uiiy Artrdrun = ft/wif tiu>} . 

: n pij jljll ji jjjjil)' r«my« JyiH V^' ’jy 11 

“-(s) ,27 ' 3 ’ 

jl j'^l yty AMj jjJl J»yil jii j* • j* O' 

jl$ IjLI jl\ jyj . oJ jiUy y.& £i~>i ^ 0^ olj 1 lA**' °b lji ' 
^Lilk-xJI OjiJI j>b jjyS'/l 0#*j <j| : *>** o» 

Jj-yj jj_>l iijU* jLnJ Uytj * (27-3) iJjl*ll ji i*yAi jilt r« j y« i> 51S 
, lift J*e Uu£ rUi! ^ jy J3j OyS]')ll oljlall jlyJ 0^111 6w*^l Orfl* J! 
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( iiliJl oL^Ll* ) jj^iuJIj wLJl JrfiJI 


ot—l t <^Sj—»^£JI t pulji Jyi jl JJ l ij i i~ lil oil2 UjLu jL»o| Lu5lm 
^jJJI tfjijil i->jL>Jl iiy* j-*y jj—• 1 olj sbJlj ujj&yi 

LLi juJuS . IliL JlouLi ‘liiiill tlyll jl ljjjlcl Ij'j , »JIjL* ji jjySJ)li JL*j 
jljJI ^ J>>uU jjjtfWl jLL 
yju*Jl iji - iy 

, iZ ' ){e) 


—— = k r - 


(27-4) 


(A, = 8.99 x 109 N.n.2/02) ^ Sji culi y k, 
v„ i#j— jL*} 1*1 (27 4 ) } (27 3) j^jUJi ±> 6^1 ^ 

; r* Djl«x» uLflij 


r„ = n*n j Vn~ 


2 nnmr\ 


n = 1,2,3,. 


(27-5) 


iUjUlL . (n = 1) jlo jlju yLtfi jLi ci-du yt ri ,iu> 


A 2 


4* 2 Zo 2 mA f 


(27-6) 


. jj» *j j_a? Juaj yuM j»j n = 0.53 x 10 1,1 m j Z = 1 if-ijJVj 

Lui Lx;l j-My Lai ji\ . jjUuLa yZ jxfcjjJuA <U-u!L O Ljj yy ji Uv 

Liwl jlLj (27-5) DjUIL bjlLil uiLui ^ilj 5 ja1mJLI oljljll* jju 

jJsiJl ul^m SjUjuJI yZ oljjJ jl Cjuaji Jtj . jAy oljljLj 

dj L jjA jjJ’aJI jjiiiiill y j ju- ij , LjiJI :oa o oLuJ l>i JaaJL 0.053nm 
!. jjblill jJbu)“)ll j*>j^.ufJl Juls oJsuJl 



4 


:27-6 JU 

j-> »'>-** Sy Chi^i as^ j»A 

j ivi » jLmmII u\ jlxjt j* <1 mL 
ul jiJ—• ji 41 £U2 jlj i j*i Jl ia/M 

JJ-iH il>Jl *m.j • jL-» j>i 
jws jV 


jj>jjJa^JI 4Jlb oby-JL4 27-3 


iuU SjJJl Lfj jj& ijiut* o'iU IfJ j^il jl j*»jji^Jl 5jj jl lljlj jiJ 
j_* juiu l jl'i...JI o^LjhJI d_b j! JJ Lf^ iLlI jjJI <^jijjJI day jJj . 

; o^DL ; jj>jjjLi^Jl i)L> . jluu jlLii vJLui olj Lylj ol^lii 

rn = n 4 (0.53 x lO" 10 m) , n = l,2. 

UM Js j^l J yd,, c JjSl ijiUI W olj'jll 27-6 Jlill dy.) 

ijjJl ULtj , IfJ lilt j< LLi^j ^jJl ijil-JI o'llbJI j_i JiJ ±>'i 

jdi t 6 jIa» ji Liit j^l <i j> oU? yt L»i>* • jiLi j« j^lu 

c o^U n fij jIjJU v-JJU . ollaJl 
(KE)„=im U 2 
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(iLjjJt sjUb^lj olix'l oIj^La) ) jjjinJlj ^LJI J<mJI 

OjiUJi a a* ^jua> 27-4 SJjLnII JLwwwl juPj > j*\fi JLul U ijSL.1 \h*> 

(KE)„ = • (27-7) 

2r„ 

p+M . ML* oil? i oll> J| liio% jjj&M' 4ill»y 

jJUaII iSjLJ lf3l ^ pi) ciU. vjj«j Lui JJ <JL Lfj}£ jj WfJI 

« jJlaJu » oil 4 iljjl (jm jjy£J)'l Vjjiil USj . 4_yLfj*i UfljU uLil L»LP 

j_« Jji pi) oLills *31 ji . olyJl u*l £<4j]l OllJ <f*a)b 

^ Zp 1*>v Mo ,> r» <iLu Jt pi jj^5J| pi) iiltj . ML ji jiJi 

(PE) (27-8) 

r„ 

J*a*s Ljli ( 27-7 feUI ) n ^ jIaII J Xj> <iU» J| Ulii-ii ijji 
: n fij 5jii-il *)LJI toll M^* oltJl J* 


; j5jL jjuj ) fa MM clumLvJI US <#)L jiSl ^-aij ML ijjJl 4iLL ji 

. (:Ml ,> ijjjSSJ'Jfl vyi* US 

j (27-5) jjJjLnil LoL jiSl o : ya Jt (27-9) ibUil *;fcS $\ LS»* 

; rn ***J jP (27-6) 

8, = -(i)(~^) "> (27-10) 

. JfiZ = l L»jup J^v.x‘> Uti MiUll oIa j ijjiyi ouljJJl ^ jt Lo>« IjJj 

E __2.18xlO~ IB J = _13£ cV (27-11) 

" n 2 n 2 

j-i^i U yu«uSI *ji jlj i HySLkjJji (jl )* MlLJI 4 aKJI OliaJI jM) 
l i Mill 4jlilL fOJU Jj> C yh fjLUU ) Mkl»Jl jjLtll 0>i j» *ill»JI J» 
. jj *i u .* Jj : LL: j ^uiw jjl <3li 

i n - 1 DLJli . ijiU Sj>Ij SjiS-u *Jl» J&u n »J ,> cM JS jl 
, n *J jlj- yji j Jjjy iij^! j^! j 

; ffi = -13.6 eV ^jU yj WjVl iJbJl. UbJI ^ S_,jJI «U» 

^ji Jl L^Ji J| J-**3 M Cwj f^ 1 ^ ^ 

k n =2 Uiiii. n = 1 <Jl>JI ji ijU A»y *ljj uji ^ 

( 27-5 UjUII ) jlxll M—a) yli i <i)U)l jl^^l iiUJl *Jl> ^113 ^ 

: j» 3jjJI ijU? ^jua! jjj-Pj • 4n ^ 
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( OjjJI jUfcfy <uUa!l objjwn ) wUl J*i)l 

- eV = -3.4 eV 


£2 = 


m* 

2 2 


L^bli> 0 * 2 iJL>Jl ji ijjJl oU. o' ji*" 1 £1 i> £2 O' b* 

: J#-> J* y3&-j ■ 1 *JW' 

m-n*n , ff s £U-MeV (27-12) 


——— n»2 ^lvJI iJl» CjMS UIjU »Ui» 6jj)l 0jjj&7' uj* £“®'j J* b£j 

. o^oi J>b 

y ...j L* ^ ol^iilS ) ib£il ^yrolilt Ji*> 0* v^' 0* 

. 27-7 JUl^ bli 0*>jj^-» 4-% * ^1 ol^ jiU' f-jN 

^i»ii oiiii, jWa i»^j« uii ijii ^ aiui jJj o»i#u its** >** 
n f-J Jit oLjl*ll dlt? aS c JaXi Jji o^yLu llu Jj Sjjfl i/i-ll 
J Oui> 0-* 'I* Wj 4" V*-»i ^ O* 

-1,51 cV on » j*+ 5>^ J* |j £ i) n * " J* n * 3 it * ,u * 

:27 ~ 7 ^ vj_^| AtJLStyl oP n 5j4»jj Uj-u Jjljl- jIaII jJrf la-«> O' ■ /-»") 

■ r> ... . . i*,....,.. ,' . 

. n = «jrfUUJ.yi^^ 

, » a » j n = 4 ^j| ^ ^j ^UUJ . <\JLai# <tfjsi» jjUjuRj a yu* blab ^b* O' J»>^b 

iilbJI f-i> oy&) • 0 &} »j^' 0* 'jl^w Oj^? 1 o£» B “ W> ■&) 

Olkll ajua 0 % . j*Jl Oj^fljU ^JUU^H oil. oil*; ^1 
. i>lii 0j£ £ = 0 jy ollJl ^ £** 0|* 


27-1 JO* 

/ 

? OjijUl 4lJl> jj> Ofrjj'W h* biib' j'^ ^ 

1 JVjUwl 

! OitlJl oU o/s (- : Jl>- 

.SjjJi ,> ojlP^^I jiy* o* O^ 3 : ‘4^’ 
¥ o^l UIL Srtj^ li* >e lib : Jl$- 
lilbj . Em 20 j*h» Ji* 13UJI 0* U 01^^' O' 

Em - 0 J**J i»j5Ut <ill»5l j* Oi^ 1 
Lilt oli in = 1) L*i> UUJI ol 27-7 J-iJI 0«i : ^LU)1j J>J! 
jjjJI ^bJ opf lilt jIjI y» +13.6 eV ^Ijill li» o' i5' 1 = —13.6 eV 

27-4 


4JL6 jULfj: n - 1 UjIa aSUJI dU ^ji jj ojU O*};^' ^ ^'j 33 

















r 


(iiUJi otf-u) ^Ul J»«)l 

y oLl yj£Tp& ob*--* cJji bl ^ Hi 5 j^—* >h* W, *■**»* 

L BjjJI ^jLull juw j» j^>i Sjb~j 4s** -^bjUill o)» 

. ^i iyjuHt yu ji *<-*^1 yui ,> i<ju] awi j* j&i 
L_JL 27 7 JOJI *« gilj j» USt n-2 j n-l l jiilUJlO«**^ 1 j>) 

EmEi-Ei= 13.6 - 3.4 = 10.2 cV 

j <»'j 10.2 eV bjljiu Lilt 4_jJ y>-£ yi ^ JfiU p-*JI J ijl 

0 jlSu.U oi i>J JJbfll y-ib) n = 2 iJLJ! J!« = l 6* »jiH i)'"-’ 1 
. Ujlji* «lt r jfc n = 3 Wall J] ft = 1 *IUl o* ijjJI 
£=&-&= 13.6 1,51* 12.1 eV 
V)^ J#t3 yi { 27-8 Jiill ^.Ij ) U jU oljj Sylfc-H <AiUl 3>1« 0-j 
Ch J-Ji jio djLs jUJl t-*-* °—*°" )*j iV 

. Uify j-JufUl tl&U oyjl cMtfSto 

^ j J olJjjfy iiUj J 35J , )ll »i* pij t ( Oo^'j ^ £*'j 

oU-*)l i> IjM %j 1 * 11 ol f £• r-’ 1 '*"* ■ A ** 11 
oijUl b-AjuS ns l 'iy>4 - J j Wl 

oU)Ul ^uL-a* vwliSl Jj J* gjbjJI b») • >J±£ J! 4^ j 
k 5>u uiyl ^ dJj ijl fjw JLUij ^jjWi ^ > 

^ dM u> ^ J u ^ ^ *' ^ Vf jl ^ 

>* fr!^ , tjJI IfM <l»ib 

Liit. Ji —i b.jfji' 1 jiij \ , , .!<. 

l* r>H» *»*» J> cm '¥ • ^ j! J! • l ^ 5li ^ i51 r^ 1 ^ 011 j 5 ■ 0 , j ji ^ 

Oivin .1* II 0 | j J 5 liLil ciLl.aSJ'Jl jMjj . iiiJI 35UJI o'JU ,> 3JU ( 

jlii-j 4f! jJi. jJj! olilt oli Cl'iu JS dJiv yiiS 

jy; j>L jl Sj^ JJL % -■*«=2 yuii J!»is. c n=3 yuii J 

I Li ijUl LwJ ji 6^1 *> 3 - 4 - L5 = 19 eV J*J • ^ Wl ^ ay 
ayi jkt« ^1*;... i j3*Si oijjJi ^ yjbL objUi j^i* j* ayi .> jbiii 
i J y*\ UL-<^ Jli* ji Hi . tflt y yi+^l j* ’^i^ 1 ^ ^ 

. Cyy ^ ji ^tU IfJI i ijJljll aitJI j* yi Sjil) v A 

n = j tfjL-ll Cm VjjlSI! JA-i bL* ^ fJ S »jj J 

I^Lm j_jL yl lH £j - Ei Cwyl-il c«i» Cm; jjill yj. n = i if-II j! 

: M y jSj IjJj . Ac/A ^ ayjiil Ult C^i <*^! p J^ 1 ^ ^ 

CffJI ait = hclK=Ej-Ei 

: # E J} Eio* JS fA uJmdD (27-10) y^tdl J! bWl U I % 



Li 
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(OjjJ' ijLtVIj iiUJt oUy-x) 


1 _ 2jt 2 Z 2 e*k$m ( i x) 
X h*c W 2 j 2 1 


(27-13) 


m 



o'i'jUJi y Jjjl JSLUl ^ iSS (27-13) ibUil ji L»k>^ 
J a*i-i (27-13) ^ (27-1) ILU1I U> jj*,. Ujjtj jlly jUJ J-5U 
UjUIL jji»JI £-« 0* <■***" f> tijN ^ 

: ( if!) Z = 1 gk) (27-13) 

_ 2/rV/#m 

s= —itr- 

i 

j jl_»o <d«j_} i^Li oJjJ ji JL % ^ If-*i 

jjj ii = 1.0974 x 10 7 m’ 1 Ui j‘-*«J JJ ojjll ol*U>Ji *l^b r >b ji 4 
|»bSl iUj ^*1 A^jlsuJ ol\l*j^ll j« oi* ClilS 

J—' ^ 

oll> oIjmj jLbj j J*bJ Iji—Jb (27-13) SJjLuI UJ ^ lu£*j 

LibJl 3;^-aJl ji bJj£«y • iyS-il klr'JlUJI OH j**i! bii# j 

; Lfj rj 4-il 4*»jll JljL'iU 


w±-±l 

A v J 1 ) 


(27-14) 




»Wi35iWft* 

:27-9 Ji4 

n«l Alii j jAjj¥ 

■*■ IfJ . n«3 4l»JI jJ jbiuij Ldjp 
* ja i+jjit JJbJl ^ iuf Ujjc. Cjjji 
b* j .ii j* -iwj! ui Jx»3 J InH) jj*' 


jj *_^l» J* US V n = 3 jljll J) jj/£J)'b j 5 (jbajdl jl- &*- 1 ^/* 1 
jlbuLL—. ob^yJi o>i jls i n = 1 jljll JJ lij 27 9 JiiJl 

J| J«iw (27-14) ibbJL fcbCL^tyj . ojyill iSUsJl **♦ !>UL> 

MiT?) 

ji; ^Jiyi j u^j. i,g ill j ^iUiiuJi j»a Wil £*k jii« 

4 (27-14) UjUI J j = 2,3,4. j i = 1 Uk> I jj IfiS’ jU ILL Je 

LcbjliJl oljLil & jjjjSWI JuW' J»^»> & uM 

. n = l jIjII JJ 

Liili i n = 2 jljJI JJ oljljJil t> ciu* OJ i Jlll/j 

; jUlS JljbSl o» jjlc 


A'^2 2 "; 2 


J-3,4,. 


Uitf kiuuli i-MtJaJI j-» jH-J <11-^ ji ji , ^lb *J-J-« j*J 

aUUHII j» LUi &Alf ILL jli i US). n « 2 jlil JJ olijj3iJyiJ»w 
oto'il i>ju (j jJ kiut> jiLi>J! oi» 27-10 Jiill ,l = 3 jUll JI 


- 1046 - 











(AjjjJI <tflLJI w'Ljtl-a ) £jLJI J*ill 



jlfi\ obji—u UJ»IH Ub . I &j*j iiljLVil oLy-il jju ollaJI j JjjjLJI 
. 2 p\ Jj 10 jljJl j. jjjlSnll hw L,^ iiuill ISO jli I Jj Ji } , ,Jt ii 
Iju> j—. 2 jljJl Jl 100 jijll j» J»jlU juji <mm 1I OlbJI •> uuLvj jli 
JjLw J_3 bj>l UIS jdA^JI jj li> Ljlili rJbJu jib <LL hjlaiJl j! 

j-j . 2 jl*il J! Li>jLxll olyljJl ju oUlii^i iivili Ji^i 
(n = w) OjjJl £jl> j-* I l** 8 <■ * tw. 1 1. W 1SUJI ji jji jiSl ji 

. 4 LLI 1 ox) j^jll JjkJl kiiUwl Jl IjjjSu Ii*j 1 n = 2 jljJl j| 
:27—10 Ji*i *j-» 27-7 JjSu*)I J] yJhj . <aiiLJI tjjk J^l ^La/Jl 0* JijJj 

r^' oli au J c* ‘ 27-11 ^ ^ ^ i *5> l 

, ( 4— ^ >5 0Jl>Ij OsJ j« <Jjjj Ulx>v UijL jJilfta <li!ull Lu| ail'll •ii’iliii'lll jjjj 

Jjl» 44 k-wUulj JliU'il ijlb j| , ijuuuil i»jkiJ5 4a>yl Jl^l jJC 
•b»Ja>Jl JS Cujj ) jl^jJ <UL jj£ W jij . J'ili'lll J ji jlaLllI ^—Jl jj 
JU-t'i'l jl - jj-*ll - J<*2 Ui 4 jib aJLU SjJjbil Si ji Jjbl ( b* <i#i 
jl ^LJI f—ij Jl Ijjk j_i -cui U^-u Jjji ji ^ i ki Li i j . jjji jUJ i LL J ij>Ji 
Uue>)kj 4 jv-Sj Jw 1 Jl jjaII y>i ji oV'iu'il jbljj <LJL ji ubDl btL> 

OjLuu jy£ jli ||J 4iik!l obu-il j^ JJjj I jJuuJl \ 4 J u u ,14 li> 

jsiJI |ijL>i_wi . e j c ; k . 1 m ji JS cuk Ijj A lui ^>1 : jjjii 

, ijyKt fliji Ujji Jl 


:27—11 JI4 

>jk_uti UOili j* r* J 

. jj*j; l j| 11 . >r.4 .1 




-IS 1 - uW 
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( (LmjJI iJ^WIj oLjLa ) jjjioJIj £jUI J«m)I 


27-1 ^My Jli* 
j-4 JbJJ j*jil JjWI ->>ji 

JiilL,) n =3 yi>JI Jj o*lM o* IftJS ILL oi ^ 

J_*>j pJ . n = 7 ill*JI (> bjiJI iufi l«i»* ^1^1 1*>JI ■ ( 27-11 

v J* (27-14) UjUI! > 

HM 

JjJs yAj . \ - 1005 tun J t /? = 1.0974 x 10 7 nr 1 di jt c^wuJi^j 
Lwjill ijj UJ»ill j pj>y 
. 1281 nm : 4 jL>)|I ? (>#4 dJL ^ JjWI 5* ^ : uij* 


27-2Jib 

jLy^l ^LuLj jJ s Lfujji53l o»i l*u iii pj*U Ojj y &U)I J*>j fjM 

L^io u-> f—ji (i). (^u-h- 11 5 jj ui^J! ^ Gj/Sty 

k±V ^1 jJJ! jujjI (I) . 27-11 J£AU 5I3U i byH\ lb olb o4«J 
. o LflliJI jlL *tl—*i—< ji J/ii 


I (jliUi* JVjdUtfl 

• jrt-jj-'H- 11 byil lb yw Jj^ 1 i* ^ : 

J| j*JJ (27-12) UjUIIj i Z - 2 JJjJj Oly J>b 
oLiUa ^ L»U> J_S jbz = 2 J btfSfy Ulk yi 

4 ji yj-AJ ^ 

pjjlf -II y lilkll oLtLu <JjUj ^ U ; Jl^>i 
E 4JMJ&.zMjV ;LWI 

ft 2 n 1 

? 4i>4l JljWJ ^14 dJL jjl»j jail l» : 
ft = 2 ill*JI jic j^l ^^*11 c/ili&l ; 4rfl>)h 
J_f>*]| iili oi Bn UlLU i^LJt iwill joi :^iUt)ij>Jl 

^ kiijj (ft = 2) Sjlli —m Ul> Jjb * dJi J* . 04.4 cV y jidi 
, iilUl 04 ^ 27 12 JSdi . 13.5 eV t o}J^1 ^ « l ‘ Ul 

0 = 3^ Jliu*il jtUe jjJl ^4 <bL J ( j>y JjJo ) J*> it! 

27 12 Jti 7.6 eV ji -6.04 eV-(—13.6 eV) ^ <JL*J1 «b ^ bjttll UUallj, n = 2 Jj 
fM u aji U 4KW y ^ ^ ^ B, ^. 21-12 Jiil. J! p/t »j 
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( OjjJI m 


_ (6 .63xlO- 34 J.s)(3xlQ 8 m /s) _ m m 
(7.6 eVX 1.6 x 10" 19 J/«V) 

. jy iiUi <> -wJ' ♦>» J ‘ j £ A 

dJjj 27 14 LLLII pbiJ-ti ^ ^ 

T( 43 ^4 r l J ll C 4 J 0KOU. R = 1.0974«1 Pi^ 

, *h)l *>j f yM ^ iUJ ^jll J*» » ■** 

205 nm kWfl 


27-5 



^UUiJb/^d) 



JiJL.5u>lu) 
( > »' ■■«' 



:27—13 Jfci 
Hi ,.n y, ->l i ui^iA Wi iAi** 


. ,j_i)1 ^U.1 J* J/B jS) • W Wj il 

. ( i) 27 13 Jiill j i*W V** 1 ' ^ f 1 *" 

^ «!* 4* V 1 ' tfVV' ** •»* ** ^ 

j u (w J'^ 1 a* V J* J» ^ > V V ' uUl 

i* -Li. y US jtw. «u~ V J *1 ■ (v) 27 - 13 ^ C* 
^ U* irt) 27-13 JiA» .j}-* US JJJI)« JMj * *»» ^ 
jijjiSi ,sl Jljs£ *1 <fli Vs • () j'^-jA-1 ' Ja -'^ *" ‘^' 
^.j^i «4jJ -a* £x ** L * 1 r 

ij !..■: jji oUjijiii fjUa wn u uv; ei W* 1 ij».H i 
4 J i+ijSl uwi J ip -sJj» A ■ £»W *•> f iULJI ’“j * 11 
jj*, J LI OjijiJI u!> • ^ vi->»W «V fKl* W *S ■ S<jWI lJj - ,W ^ 

c,u. jpi iM) ■ ’ SW J* ^ ^ y m 

J ; -jl.-l l > ji ifU. ijilil “X 1 r ,L ' 11 J* UI S ' ^ “ L " 1 
jyl Hus vyu< 0>>S}1( i 311 iJ 5 ^ 1 ai i)£ UJ* : > U J. 

0 i u,i Aiji n,. ^ oj=jy os* > > T ^> n - 1 ^ *» aujl 

^USl oiliu Uaii>rf 


•i! oS^ 1 **»*-« V J-* £4^' t **>i ■ y»“ Vi 1“ ^ V'J 
UJ« iiiui•£!jiliiJ^in* V*“■"" J v 
Jl 27-11 Jiill rUji US oSliill ti» J^S) Jt ° lj r J ' ■*»' u* ^ 
^ &, >J. (iWH ai> ji) oW Ufi JU. J} ^ >us jin dm 


jf. vSb. J! uv W )i ul UUI J. J l|W^)0f^ JV V - 

U# 9JJ-SJ i>J ^jJ 1 
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(yiwi objiu ) jrfjji 


j—< M t J Mil ' JJ) ji Jlj 

l * ~' <l >'* L ^UkJ jj jjll 4 J III I 111) 

ir-*)' *—^ ^ 

y« m»U y »j! U*ill ulji >fUiu l 
ju .‘lli'n'il ;l'lu«ll I ijtll) jit 
• yi n ' Ml J. J»ll 

jLJ 1LJL j_t JjSl L>1) j*)l\ JjIgJl j-iil I IfJjt ^1 oll^yU 
» = 2 i£y -»Jl Jl n = 1 j* Sjill ijlii-'ll oUJI j* ^jiSj L (121.6 nm) 

»jjJ| |4JJ I jfjn 

JjjkiJl jt ^S' && ij>yi JJljti jjSlI CjL»j3UJI joLluI iy JUbj 
ytjL—9i»l |UJ yJj <5)1*11 ‘S'lj 1 uW J 

JllLi^'ll! j_>S‘ o_JiLL jjJj jJ IfJlill* jS l»>^t Jljti ui»lj 4iLy;y 

. jLJ <JL-«L jt JSSl <u*jll Jl^l «uli .^IJiaJl jl p L£*il 
tf _5j LiUJl j_t Li oUjJyJl o JJ jj 3J . jmJ ji jSJ >■ 91-2 nm 
. Em £ 0 yiy> () iLsI^ll iSlWl oL_j I-* uU J^b J| Ijj/SJj jiiLu 
SyjJI j_» lulu £1)1*1# SiltJl j* jiljJI jJ*JI U L*J J* 11 ySj 

IL» oliln . JiluJ ^ j> ^lt j^>JI jj^'jll jtw fi (j ip Lji cS') 
oL>JjSU)»U J>ya)j+£i I ki/Liui'il £• yyjjl j^LamI oJ*£ y* £)*JI 

JjjJ 1 J>P 4*1 J* *^! pi) • P* 

j*i_u JJ> jji>y LjJ L# Liu jl i Jjj L ^ *1^ t y'il Ul»e 

ySl ytfLsU*l j^J Co>yi JljtSl piuu _4*iw ijjjJI yd>JyJi<-J* C>* ^ j* 

0 hj. o(j> yu yo SjjJi ijte-n V-^ 1 ^ aiL51 ^ W 

0>ui oOjiyJl y^ Lf-aLo*l jLJ ILL y Js^JaiJ OjJftUIl Jl^Vl 
j_Ltu sJ*-jj . Lj-j -;■ ■« oil? yi> SjjJi 4jlSi-('il iL-iLll oll»)> Jiuj 
j_, ^Sl JljtSl JSj . jk>Jl jtfUu^lt Jut IJ ytjLxL^I JJ Ji* 
J-i>;j OjJll y_^ji J^w oli^yjt J J j'i . If^UCLl ^ J>- jLJ iL-L 
j_* ytiil«J ^ y^Loii^l Je jijj yjil 1 i5LUl iiU J>Ij J| jjj*SI)'l 
ytfUu*Vl Jut . 27—13 JJJJI j iJu ouJ L-lilL j*) . J'jtSl 

<^►^11 j* Ll ' i - Il JU JjuJ ytjl«AL"l(l j"i l ^*iJI 
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(SjjjJt AilWI oL*jUc) jjjiuJIj ^Ul J^cuJl 

^ j!Lj J—J— Jj*Js> jJpLw ^_ili Jj*k> ji <di>}L olfjJI ^ 'ujJU 

?%JuJ yiU <LJL> j| . Jj L tA i» ji i_u*Jlj A/IaD Cxili lj| 'Sj i> v 
j-« Vol* ■>■>* ji v ^ > j . o^lUJlj n - 2 ilL»J! jjj o^liS^I j* (Jju U5 
jjJI jjt oljUl j* li* %Ji Ija« jli i n = 2 <il>JI Jl*j ji'l p oLjjSSM 
o’iL*. J| n = 2 SJUII j* jjJiSiJl lf*i ^ill 5JL>Jl jjwo ^ Ijjll jjSj 

j_»t . i%ju I j -I "‘-i >Ju jJ olilUl ajm JlLu ^_lll ojwUli jli ^ipI 
jySj Jjjil jlj I 5 jt -6 4_>jJJ IjUIm 4 j£>jjj£fJl jli jj£> Ljo£ 4*1 OujJsJl 
? I jli . jlL J l ■' ■•! ‘U»Jl JljL^ll lit yol^ili'jl 4 jOL *iil 


27-3 Jli- 

BjiJI jlj t j>—ii j>j j>jj» ytfLxul J^fc j-C ji>}j±* »jj 

Jj—nj ^J| ^ic AtJUU i jli *U>W JiJbI 4j Itjrf Jj 1/u jl ^aLuuoJ 

CA^ u ti jJ olji (ji ; jli* jjJti , L*-iySl AIUJI Jl ojj&y If; 

JJJi i_jjLxj) «u»jl! Jljbjll ^ L A - 97.23 tun ^>»li ILs Lv j 
i>u Lj <jjuj jl oljjJI ojifJ ji*j ^jJl ( 97.23 nm 


i jflhu JYJii/l 

? SjjJi ji ki«fJI ^J\ Jjk'l jx*o jjJl ljull L : Jlj-* 
olilkll jj 4-uuJil oLj_jjyJl olilL joxi L j[ . ulJJI *L* \iu L| *Ul>Yl 
aljjJL ILIjJ jii o v Ji> J| ojIaLu <Jl> ji ju^ Lalt jjjjU'il LjAL ji yJf 
V jyydl ytfLu»l ohe ji iyliiJll AJLxIL LoLiJI n jL>J uu^ : Jl^w 
jL^I o'jLJI a jj» ji = i?| | - “j | ; jLJ -dJJ o-JL ; 

. A« = 97.23 nm Ji L3 ^In 

V oUj3y Lfi tJ>m ^jJl Si*ji5J)'l o'iliijYl jaxi jjJl L : 

J! 0}j lA)\ J-au ji J! JiSi ri pi J! oYliJili jp ji 

iL^I jl,^ ^jJlj n = 1 JJ jilfll JliilYl l«i> oLaJl J>ju jlj. n = 1 

. 97.23 nm jjJjiJl 

Ijj 97.23 nm jjJjiJI ^ill iyliL-II ilUJl jL^J iLi*. ,2HSlW<jJa0l 
■ Jilll j>JJI jli jLJ aLJmi 5JjL* Uj^I 


= 1 


i?A„ 


= 1 -- 


1 


(1.097 xlO 7 m 1 X0.9723 x 10 -7 m) 
n 2 = 16.0 , n = 4 
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( iiUJI obyLn ) ^LJI Jrfi)l 

: 1JUI o'lHiliX jjylM fjk Ujii ill*Jl ei» j* ji oljjiyU j£«« 

1 ,>n =4 Ji n = 3 

2 > /i = 4 JI n = 2 

3 j*n = 3 J! n = 2 

4 (>n = 3 J| n = l 

5 j,n=2 Jj n = 1 

(3) I (2) L»1 • o>J jAb ( *1->L ) «}*>- j* la> Jji j* (1) fij Jliw'il 
• jM Ji (5) j (4) jtJMj ‘ jll* <L-L o* jM 1 J 1 "* 

i El - El/4 = -3.4 cV, £1 = -13.6 eV ^ SUJl ol^ jp lj» 
oIj^jU yijju ^ Uij . £4 = Ei/16 = 0.85 eV j Ej = Ei/9 = -1.61 eV 


klitjyjll) j* U^feLu Lj iilkJl 

1 AE = 0.66 eV 

A=(^ = 1870 nm 

A t 

2 AE = 2.55 cV 

A = 486 nm 

3 AE »1.89 eV 

A = 656 nm 

4 AE = 12.1 eV 

A = 103 nm 

G AE ■ 10.2 eV 

A -122 nm 

ojjJJ 4 j>^I 4j^Ji 27-6 

. j4>jjj^JI SjU <*4xJi oltJl 

oL.yi-.jj. LuaLi L5 - y>y. o^u Ui*3 


. jjj jJj . c-so*; y oljj <l«3 r^ 

ujj/Sfi J>>j jjJ* j»* ^ !xx* j* - W 

jyi-iil jjj jl yfljiil Jl> j-*jJ jlSj . 5/i-a 0*ilL> ^ 

AIjU* Ijfi ji j-*^ j-» jj-^ AJj ■ si^lb Jw»- ijjlb oljlj_i jo jjSu 
JjJUJl j m jij Jjjj liJ oL*j« Jjl— J-»3 jJJ* ( 26-12 p-ill) 

, iljlU ^6 x& jU* j Jj>y Li jjyS}) 

UJ* oU S& J 3,1 - 1 f*** ol*j* j*ij ji 26-13 p-Ul j* j& W*b 

jjou joL jo, JS jlSj . V f+*JI ■>**« ( n ji ) J"*i O^ 1 

Lll> jj - oJkw ji-Jjll 0*JL> jl j* r^*t) ■ 00 JM 0* fty 
Ujlf jL S JjJj \ IfJii &*i Ji **♦$ fiiji ^ 

^jJl* jjii. ^ <**5 pSj *Wif V bi>j ^ ol 

Js. Uj 3 jl j \{i jiijll Jl5Lii jli lia Ji>) . j»p ^ jj» oUa>*-I 
. UiM j^jj Ut> jJ ijill jjii Ujap i w jjj/SJ^i JiiM Ji)l 
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( idjjJl oLuuU ) jjjijJlj «L)I J*»l' 



:27-14 J &i 

lHW>W-* 'A 0 ^ UJ-W 4'.H 
o—• A A* • 4^ j* j- 11 

«_Jlyl« 4_JjjS * j—L JiU . JUoVI 
LjJjL. JiJl J*4ij . M Jj* fif* 
jj-ij • iljiH t JH 5j“iH Lijiin 
u—A jLu Li Jjd ijjjpty ijfc) JUii' 
. ji*J la dull J^l j)Si 



r l 


:27—16 ^ 
— *1* yjVUl»Vli L >*S 

dy jlW ol jt) <*L*J 
jiiii Juii xa 
L-UJi jiojSjUiiP. iji 

. 41 shj^I 


Laic SjjJ ia-Jl If-jic Jj—<x>JI fJii jill ^1 jiiL Lw 

. jjjJl Ji) c/iUJI aL/i ypjijjii UjIm ^aii«J 
; 3^1 lu) UUi>ji ^ill iilLJI ^LjI-j ^ ojjJ 4»jll fJ*» 

g =_M e v 

rr 

3 x>3jO*fJI JLJ* Ule Jj- 4*y' Ojkill <uc OjLii Li J <**ull ai* £'y) 
<m~* Jm n ^ jxx ji pi* olLJl o^ll> 3 * Ul> J£ j**3J i ilU oaLII 

jjJI jjJlaJI jUI ot jyu* «= 1 ^ 

LhL ^_S a*lj* jS Jaxi jL>I Oj/£l)>U O' ‘ n * 1 j*y 
Liili 27-14 J-SuiJl UJ £*y.) ■ *</b V** L 

L Ju&i JyJaJI <lii_j> aj^-jJ JLl>l jiSL 6j>^l LI ‘ SjLUl OifJ L>*i-a 

n Jaii I uL> iiLi ja jj/SM J j*)l l -Jbi>l J i> ftyl j^j ■ Ah 

iitlll 3-1 1—nL Ji i) J 3 JUx>*lll jAXi ii^ O' ^! ’'yil i> 

jJ>y (.vfL o-* «j-» J^s>l J-ii >ii*^ l> <!>' 

ijJii jjilail jlail lifj Jaiiii ^^11 i^Wl l»i. Cjib IjL yuH liail 
5 \jiii\ jl l aS ‘ jox« ^ uLi aic - 4ilj Jj oU)'l* - *i_j oj/ 

LiL ojwj jiHl ljj» 27-15 Jfuiil jyajj . oliU Cw 
UbJI i>i jj aici n = 2 ULU iijD! \ Luuu y&A Ji-)l_) 
jyaj pkLdj n = 2 liLJI 4iU» 4J 3 *ij o'JL *i)5U Jll* u' £*h ^h> > « = 1 
LuL ILuiI^j 4 dJi n L**5 jlacS o^Uil iUi) o^Ll> ma 
oM) 1 f>-jJl *j* jy* 1) ■ j» <&*• j usj&y ■>}*) <-> 
vA^j LS jL-i J J^Xla *ji jlc 4 oljljllji OljU' IfJc 

rt = 1 ,2,5 o^llxll ^ djlail »L ^ 27-16 JiJJl £-i)i. <*i 

oL ijljl cL lit jLu'il LJVJ ojj-u ^ Jj-a>JI j-Lil (>) 6 * 1 * y lH^ 
L iLiii ain Jiil' 3 ‘LjL»I 5a- j ijy>) * ^*'AjH & 

; n adJ) j(Sl 1*3 liljUi 1 * la!. ^1 lib JL>^I JJ 

-a 27 16 JiuiJl siilj j^-oj Li' LLi join ^-*3 oljlall jli 
ji JjL) ^)L.U: *i| j* 1 * O' fJ * 3 !** iS> ,: ^J 

. ij^lDI oljlall ^>^*1 aw a>£ "3' 1 JUll ji-j ‘ V 

( jMy ojii P>\ jj Jiij Ifj j-isll fS ai DjjU «IJ*)t olyi-a» Jj ^ 
ui iM jijll 4 **i jj OJ 3 * 1 4 *J n ^jll u! J< 

jjy ^jjLJl dJj £)i ^1 . LiLjl J J»y riy> J* LUii** Lib J-w J 
, 4 JI JjLi^l 6 ^ L51 i JjJj 4 oljjll jxl^lll dcJJ IjUjJ 111 
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( AjjiJl iiliJl ) jj/uJL ^jUI J^iJI 


:27 16 JU 
4-W*' J j jjiil! yjji J* JH! 

J_S-JWl J j* iii . tiilSi 

J— s >>“ >s ij>*-> Jj* r“-A 


• 

• 

• 

M 

0 $ 

lot n • 1 

(tl n = 2 

(c) n=2 

Wl (i = 2 (fl n - 5 

/-0 

/= 1 

1 = 1 

1-0 1-3 

in, - 0 

' m, = 0 

m, = 1 

mi = 0 »»(-l 

1 


jlxuwMJ JjIj Ijlwj <u«5JI jljLtVl 27-7 


. O^liwj 3 jO> 4 iilt obji-a ^ - lJulj US - 5jj A>l/» 

: jjjvHj v n y rJ-^-o JAC U^*j 

E,-^ cv 

n 2 

Jj 1 ji n ^p^aJl JJluJI UJ £jl>uj . j**J/#fJI ^ jj ^ = 1 
ojjk Jl liL>/ Ch fjyi **U*i ^ !■>>•“*■• U*i »jjJI U1S 

UjLu J_> fyjj ^1 <^jil Jj-all ji ^1 * j*y ^IaSJL-L **£Ji 
1^—iLl lji_»ljb J1 «j i n JJjiII ji ^ j* iSy) jjAj Jl &y i 

j-aSJI Jj-nJI j*~u <jli J*i j* Uj^j USj , »jj *Jl> *J-»y l 

jj-Aj jJj . 4_^j jL->lj»i 0’ ojJ aM **WI jm yj </"**< 
Jyj>) {*£. Cul il jlS jjj jjjiSWJ 0^> J*Ai n AAaJ <wi i»i yy. 

**j£ JS jl Jijy jl ^JUJI j*i *. Jj . JjLJi ijj£i\ US i Ilf-' 

Uj1£j . SljilL 1 uj>J ( ILm IjIoj JiliJ j« ) <i*« iSlt 5 jii jfeHj n ja«U 

jjjiinii ji. djUJI ^_j _ Jl_«e ob 1 !AjU i n = 3 iiLUl jjL- J ijUl jp 

n = 3 ij^ill j iy>y 

./jli j^JI j* Jli j. jJSi lyt) j£JI j* ji Cflji &UI ^ill J Lij Ji3 
j^.U> JL» j! J* ii>>ll 0°*) ■ (J 1 ^ 1 jjjJI “W* ^ 

. ijjJI J_»Ij jfjt. j+y jfjj A*!*; pit Ufw.jB 0 * iji^ 1 th»^ 

Lj 1)11 J^jJl Lui L JjIjJI ^1 jj-oJI u>) • j-!JJ*JI JL>i 
lLj 13^. ji ji^jj / Jj>JL ja-«JI II* ^1 «> /ji i>j^ 
4 _li*H ^jiJl jLi i . n = 1 jjS* UjuL*i. (n - 1) Ji> 0 j* L« oaw 
jli i n - 2 j_j^ Lju* j. / = 0 yj ojjii* iwib j/i- ^ jj*U V->Uli 
. *Jl»JI jj* ^ n - 1 = 1 ji vLif> ; 1 j 0 jeiwiJl / jl r-»ljll j< 
, n j* Lwlj Jil / jl 
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(<LjoJI ijLb'tflj iiltJI objU) OjjiaJlj J-fliJ' 


: 27 -l Jj 4 
jj^Al Vi)l :W\ 


n = 1,2,8, — i/Wl 

/. 0.1,2,_n-1 j>Jd 

mi = 0, +1, ±2,..., 11 yUUl 
m, = +1/2 


iXtji&ymn jM J*JI ^ M ^ J*» Ul 

j\ ^~n UUll oU^jHI jjiJI lit JLyj . 0,± 1, ±2.i/ pH 

i /i * 4 j^u l»Uj . j^jl> j-etUju JU j» UU ujj 5 ^ ‘yty 1 
, 0, ± 1, ± 2, ± 3 pi mi jj*J> i»i> . 3 ji l jjjJI i*i j£\ <# ; 

$Li i n = 4 jj* 13 >lill iilUl JjU j jj/SM £>p ^ k *S>' 
oljlx* i-*> 4JU* up- 4l)j J! iiU?ly l = 3 axJ) iiiw oljli. P- JU* 
0 i ji , / « 0 jjjU jl>Ij jIj-j C / = 1 JJ*U ol> ; f = 2 jU ilU 

i*u t ^ JP 3(16) J ^!r £>t P* ’j^ 1 

n s 4 iilfcJl op* 


lyuj Ip p 4 <-<i yS Jp Jli* 4 ji 

i^-jt j-iu i ^ Uj> jj <-U J>» Lj^jwi U*-> o/ J-ii# 

y <J ji^ Uj P : J* jli- wM Sf-iK* ^ 0d>^i' iSj- j-J^ 1 

I m, k j-iS JJ JJ* jjpjU i** 3 A £h**jH <>> >" • J P )'r 

»L^I Uj ji>Ul fe»L*rtl jUpy JJ-!j < ±1/2 U» i5i 

4,^1 oujS’l iUJI jUSl 27-1 Jjpl • JW|} ijjljll sM'j Jj 1 ^ 1 
owjSl > fcp "v-y** $ J» $*> Jj-j - U «jj j* *jjp! ^ 

. <_*»Sl jib Tjp JU* jl jji)l jU jPj 3jUJ 4 4PJI JlJ^i 

, 0.1311 oHUJl j cMtfSTH Jp jie 

JjS j—jj-lJI uW 1925 JjW wiulji fJUII Jj! AiJ 

j^->i obi JUi) ^*U1I »L* j-> Ujj 4 oTM 

, jUp-bU Jjb iojuj jjJl Jbll J! S*y) ort-jj-w- 11 
oUjpi^i to^i* oijjJi jJ atkU oUjpiju 5 jj>- o'lu > P- 

. 

'i *il ji o^jS'l <U) 1 6' 1* Pi ^ 

. y^!l jl P< 

. Jlsll ^ill J JjU US 4 oljjJJ ^^1 fP j- L ' M i>! 




jjJtJjuJt 27-8 


up jj j-*;»ouU j>ij ojpi y ^ - fUu - u^i j5> J P r 1 
, ijUj i uibJl iUlii !»pJ 3jj j 1 4 3 j*>j »y ji • ^jjU V 

olji J_>Ij oiLi^< ^bjprjll UJ oLS O.ljJj U ^ J 

Pi. ^uji jjjjJi Jj^i ifPj WJi j *r ^ 

^Jl Ujp^ll { UJiSl ji) olj-iiJI r >p J! - JjUt V Wt- ‘ P 
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(OjjJI ,JL4^!j LiliJI qL y-u ) mLjJI JrfiiJl 

Jl LiLi^lu - }£**->) . *J ijL>La 4 n jjuJl j« <uj JSJ <lu» i aljJU iu>J 
j-iy ; J-Vj'il jjjliJ)ll olj 3jjJJ LkUjJ^jl j-jJ' jJu jl - tillj 

LyJ}ji£l'}ll 0*lfL»Jl |>JL»>.i—■ i.Uk Ijjl i Ijjk juu\ , IjjZxi jjst oljjJ ULsj Ujlj*j 
J^UI pjl ^3 4L)j ^ jillj . injjSl “UAll jIocSL JA>jj jjil 

ji tj■■^i i k_ujjju ^yu (Ju5 » ; j^ll <Uiij rUy jjJl Jlj-Jl jj 

LfjjJ - }CU _ j^jjSJl jjj j|« V j« jJSl o^jJU j£ Ua 1> i LiiiUl o*)lUJl 
oUjj3SJ)'l DJUk ^I> ol'UJlj Olkll cj'jyLui yj c <ju 

^Jjlj LyJllJl JpljJUl ^lj>i-^ Jlj-JI Ilk jfi LL^O Ajku) '' J>lu3 jl 

• Lfcik \£yS jlj j#-f 

. »jjJl dJiJ Z jjjJl jjjJI jjLy t tbUl* Sji Li j oLijjj£!^ll jo* jj 1 

. LilbJU LSlm o1ll» jijl j W y*y i Ojlii-m jti- ijj jl oljjji5i)']ll 2 

. 4*^1 !*)l» j DjjJl jl jjjlc JlLj 

i—u.*> ) 4-Vj*Sl 4 i l « S ll jIjlpS< jJj li>uy jl U OjJ j j^jjlSJ] j^1 3 
, ( jUuiUil) Jjl* ijOi 

S^ULJI ji-t oljjJJ k_juSjl)l jjju ociyiJl aia » -i >*i - iI j^fl Lij La 

■ Jjjdl j 

(Z = 1) 

jd** Jji-M jJji Jj»j 1/1 = 1 JjS-*ll j ijjJl oifj Jjuil jjjlSM 

. jj> jj jU#i*)U JjL Ijjk jj5y 'i lifjj i iiltlJ 

:27 2 J*. (Z = 2) f >a+JI 

IB, IW l It Ojjtyl j Wn i - t L(JjSI dJjj l n = X J )iJI jl lin-lyj j ijill »i» jii- 

1/2 0 0 1 1 <-> jUI i 27-2 JjJ —jj r_kiy y» US Uallxu <j*S Ijlo^l jliJI 

1/2 0 0 1 2 jS jSU. 'i; . n.771 L-JU Lii L£JI L.S3I jIapSi oU>*m 

Jliyj i LiU> 5j-iJ n jjuJJ <uj JS JU (jliuj . jyi—li lit j s+lju jl iiJU 

27 3 Jj4 " . 

_ ou«>i jUjjiSJj LfJb»l IjJ oiuj j_j5u n = 1 ijiill jl 

m, mi l n jjuiSJyi 

W 0 0 1 i - (Z * 3) mjjuUI 

-1/2 0 0 1 2 

y2 0 o 2 3 ^ ^ jl Mil jl !> ^ JJjlj olljL^i! ijill ai^J 

jjLjiitfl lj_» ji . ( 27-3 jtul) n = 2 Iaale ^1 ji ( L3b olL 

jj jJJl dLLi j_4 Ji««oi j^jSy SjUU dLjjl jli . ^UJI olkll jy~>4 j 
o^ULiUi jj j->I* jjjldlU djlii jl ^jililll ^ki-y dli j+j . n = 1 LUJI 
M ,I> jiLidl jjl>i \jAit 1 ji^jyUl j> jlk) JJjJj . . _y-y» LjUAH 
. ( J>lj ajilSJ J jJl ji ) LyUyiJl CiUJkall 
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(kjjJI JU&lj tiW <s^m) jjjMlj pUl JUI 


3^ ^iZ^l+VlaljjJI 

27-4 , . 

x»OL-j n = 2 fijSs l*ju£ *mSJI jIjp^I ji oU^Jl o* JJs Jli* 

n _/_ m ‘ w « s ».iii ( Jj . ♦{ 27-4 jfcJI) La* siui IjJ oU_^ ^UJ Ipl 

2 fl 0 tl12 Ji Jj til* ^ ,>J o,tf)l il jl • = 2 

+1 ilfi ul/ioSyW3li^UI 

2 1 -1 ± 1/2 ‘ 2 « 11 f^H 1 J* “■* Jt ^ ^ 

. SjjJI jjIaj[ J+J ,>j n = 3 SjiiJb li»#>j tyk* j** »S jL>J l 

cJi US J Z tSjjJI jUJ Sjtjfll p*J' olj j^UJI (LjD WSj 

i(,. .•, ^ Liiui otyi- <* ^ J J! & >ra 1 ^ 

^ Ulttil oUj^tyl OH >ua5l jj* ji olWI *j* jj • n f** ^ 

^ w^yi siui jjji yb ^ j#sji o* •aisit J! - M - W 

iL*L jj cj US. i/lll f »*u JJ* i SKAH ^ <> f*j)' al r iiJI 

CiljuupVJ 


27-2 j>**y Jli* 

±y>pl i+ijSl UUll gjjjSll ^ jM- 30 ^ 

.(Z = 37) f ^lj(Z = 18) 

Ujj^! i*LJ) n = 2 } n * l : 

lyt J-S ^ jjJl* j* >*'y* r* bfi ^ 1 ^ 

Uy& (18) ij-4* Jli* CySfr- « - 3 i^iii) V-^ • 

0 ^jSJ)'l iUL, JJjJj I 27-5 JjjjjJI y £-i r J* US i if*SH 6* ^ 
f> i- UilPj n - 3 cSjS-lW / ■ 1 j * = 0 ^ £»j»> ^ iLiJI 

^ lb jLi ji y» ^ *1W* y oDjjJil^ 

JL>I jj • "^ l ^ JI ^ liJ, ^ ijiJl 

. l^l^S iUUJl V oljUli 
4J ^J| dbJ| >JU IjjjiSJJ (18) ^ip W 0? lj ' 

5^11 oDjySl^l j^jSl olij^l Ji* * 4 *fll ^ 

^i3 0 i 1^1 d aUj^S)! £-5 ji* ■ « - 3 -1 = 2 W 5 r il1 i,!,li11 
JU5LSt( = 0,n = 4< i p/JI i/ill lf« j^ 1 ^ 1 n = 4 JI 

( ijja ^ jl) II M g* 1*1 tfDI ^J^l 1 d* ‘ ^ ^' * 

5Ut oU^i uli WJ oU B| W ‘r^ 1 

OLJ i 05J'5l« Li I Uj^ 1 Ij-ttl* j * 27 4 ^ U) ’ J ^ iJI ^ 

Ut»4 Li>i> yW JjUl > J/HI U-J' y O'W 
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( ifjjJl 551 WI obji-. ) #LJI J -^ 1 


: 27-5 Jjj^JI 


m. 

CiVl» JJP 

mi 1 n i^yjis^iiJi 

±1/2 

0 0 3 2 

±1/2 

-113 6 

± 1/2 

0 

± 1/2 

+1 

+ 1/2 

2 2 3 10 

±1/2 

-1 

± 1/2 

0 

± 1/2 

+1 

±1/2 

+2 

. ^ o^l . / - 1, » - 4 ^>>1 !>N ta- J 3 * 3 

tlv >lSS< ujySWl 14* O' . / = 2 , it - 4 «s^U i> 5 jl».Ij Ji*- o' 

jjL» &j-» ‘ j '-*+*-» }'•> ( CO) 3 * 1 ! <j~i} ) i> 


, yS j-oL«JI £* Vy*~* <^4*4^ •ki'jij oijfc ^ 

otij^iSJV! jjjyjtf oljjJi tjLitlj ( 4 _uj~>J' ) »>*il 27-9 


L. ojj Ji-b ^LijySSJ’y *+•+£ J* - U*L> 4S - Jj 1 * ^ 41 a* 

Jy v>-ij2^- bis-^l ls! iill> 27-10 4-bUll U) (jJij, . l*lIU 

^ ^ s*a* iji J bjj&l uifc c»z> «*»» ■ n f*j iJUJ ' 

I A* jl+ly .Z 2 ^ o Jr i- Ort-±)-»+«->l «jj ij * JUJt ur*> j J j*,“ oij&\ **U> 
aJua b±f >UsJI ol3U> c>i - £•- «jjJJ Vs>j^‘ ^Lij^iSJ^U 

^kL.,.3 ll IjJjaj . j-ky «-ili» «JU*JI JJj-» 0* Vj 3 * 3 Jj 3 ^^ 1 

. oili.jiii^l sift | _ r L*> JfJauJ J j»y ojlSlt 

5JUJ» jjyJtf V—ub iy-JL. 0 & ^lijuJSTJII ba J«UsJt iilL t o' ^ 

: ^ jityoBbtyS ‘ (Z-80) a *>UU t Jijll *JU ^ . n = 2 j n = 1 JrflUJl 

JS_ = _IM2i c v = - 12 t | — bV 

" n 2 n z 

4 bi>£» (Z = 79) wUaU 5ju*DIj >j!+;[ 

E n = §M00 eV 

BjjJu siiljjJI a jj» j Ez } Ei <xaJU!< bH 3jj» j^-* 3 ‘ ^ 
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( ijjjJi OlkJI objlrtO) jjjial'j jvUI JrfiH 


j# JpliiJl olilt L[} i *dji jjy^l it* 
j-A* oliUs jy& fj juj ijH* >>**- I*-# ‘ «j-» olj-iiJl ox U olilk 
olji-SJ n - 2 j n = 1 j^JjAill ji oljjjiiljU (up Ov*x*> 
dj*SJI VjjJl jUSi oil 

, Lilw lilsix jj-*-/ Jijll jli <& jl> oj^-i y jjjifl! J| U*Lll1il* 
±|jj i-ijyJI LLxAll |> *}* jAt» j>* i,4>laJl oijiiJl oDj^Jj 

LtjyJI Li>ili «\Sy * n = 2 »r*N oOjjiSiJI jli » »iyJl J! ^jil 
4 _l*Jjl tSj3 ; n * 3 «j42ll olij^SIJ jli JILL. * Zt ^ ^_/5 (Z - 2)c l#J&j 
n = 13j-Ji)l jj j*ij>^(l (Z - I0)c 

oLJjj&ftl J jib* JLSej . n = 2 ijJilll ji iJLiil 

. oL^ysni jfi <ejyJi iLJJi« 

4_l*U j_. k^lilLJ v>jl>il 5*-iJl oUjj£J| jli jjibll Ija J* 


iij>Sl oUjji£J , )ll JS Juid i5illj <>uJi LfJu^ £» olijjiiljU jylbll >Ui)l 
^i SjjjiJI m Lb^jI*. y yj&> *i* ji i> lijSj jiJj . ejilU 

. p +p. jjiii 'll iilUJ ^ <JjL» jlj ; olyiil on 

; oLili J] ;lii-u ji j-i L<-iUjji5J! li-d ^ ‘ ^ ^ l)^ 1 u! 
JL» olLJI j-» jjiJ ^li>3 'll <*>J*JI Ciljljil olij^5i)l ji *lu>j 
oip 6-. ^ 6* b& j> ^ ‘ up j! J 153 - 3 

^jp LjjLI J>b pJiiLL-Jj 3jUl jiLi ji _j* itL*^ Lj , i* tij» Z olj 
^jJI , f jUI I tjjai ji KJ . 27-8 Jiill jj Uli^ij Jj—ill J: i> J! 

. ajiMj ijjj* ±1 Sj-iill oL-yL-j j*j ollUbl >luuU 

oL)jjjSJ| O-UAU pjl ollLilljL 1 L—Jlf LLj UJli* ULJjll 
C n = 2 v n = 1 dl^Aill ji 27 2 Jllil j* ib>5Ul Li^j . 
jjjlill jjli—I n fj (>J ‘ J4* ^jJI l)j <ll> y **i*« j^“ n = 3 

ijf* vu-i j(j-ls*il rt = 3 ji n = 2 jy/iJl Ch ji JJ (ft ■ 1) 
ji ^ ^ ijjJI jIjh] j4 jjH ^1 iitUI jli i n »1 j* Cj/fl! jflj 
LilDl oaj»j . . n = 4 S/ill JJ jiiJb jjjtfW ^LJ) 5JIS - jiS’l Jt. jp 
jjju jli t SjJuLlI db . -i^y 1 j* 12 »°° y cV J| J-a3 

ji k n = 3yn = 2 j*»>aJl ^o>| j. j^| ^ LoLj. n = 1 S^iill J lib 
j^LhJi oi-t *iiui jj*J hj 1 — ij ii>»y ^ • ‘j"* 11 ^ ^y+~* & 

t iiUj jli n = 1 J! n = 2 jj jj^dll V L Ij< jjjtfM 
j _3 ^ ; SjUii 2M ^yUl JU1I i> /b d-J. 9000 cV ^ J| J-s- <*14- i^ 1 j^ 1 

jsk_j f yjf (jil Jtk. jiUi 90 QQ e y u t 1240 nm *ip o£> 1 eV tilL jiil jy^ill ji 

: jjldi "lly> jfeUi- 





. (j^l iiLi 
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(ijjjJI Jlplj 4JU3JI ppu ) jjpl'j £pl pdl 



0 004 nns 0.12 

(nmj 


:27 18 Ji-i 

y-4 Jj_» 4> iiuuJl y-4« i*-i JuJa 

L|—Sli Ci \—ijjiSJu JjjiJ 

. 35,000 flV 


A = 1240 nm = 0.14 nm 

9000 cV 

y±J ollliw^ll ji Ljul& liSU . yp <-P ■Mi" jj Jp' I j» ft) 

jJji pij yp Ouli jjfj» J| liJp l <A*ty Z oU iji ^ ipUl olpjl 
4 P(L> o(p p SpJl oUjpJJ j &m ()l tUjU p| <A«i' 

liUJI jj liSw? olp - li^lj US - Ilk pjiLu j 
oLJpM sImjuJ dy> 1 4pp P! **si Up ip 27-17 JliJI 
ojj> ftiy Ujp . 10 3 V *pl > jl^% 5J jp jt» ft <i>U. «pi Cm 
!pi ^jjpl Ji jpJI Z jjjJl jjuJI olj oljjJU taip olDl olj olijpJ')ll 
y>j ^pi oU pJl ip Up) . pill HpUl CJ<pl y» olijPl p 

»pi pi UZ*i ypj ■ Pi *"-' oUyy 4 »li 1 Upll olp)i 
j! p* ‘ OjjJI j iiliill olpl Cw ttlUl jji jp Jpi '^P 1 
piiu 0 ^ Cpp j3U» UM iP Jp* u **^1 (> P 3 °W 
Liulll PI <P J! jp4 . 9pll J| pfi pl JjpJ^ ^P' 1 * *P'j *iP 

. Sjpl P| PiL 4 ,i lt nll gjjt J 

<Jl jLiu) oDjpJ'ilv jjjill PfJI t> *2pl PI ki! i> P ft *lp) 

- lj. dwwii Upil ftJA Ci|i 4 ^lkftll J)** piL US) . il4pl i*i»l 

c>l p ip 4 *|jJ«i »U»! P ^ ^jj ^ 1 ^jpl ) 1 

JJJ» y_» slAiJ jJL-SU JJiJ; 1 Ij-uLU wjP ol>)» ^Usjj (kp ipu ii>w 

Jjju ji 4*1-t>« kjjpl '>J Jp !>p“ UiiP Ojjill oUjp)')ll 

fLwi| Jpj . ji-uai Jp !i < * ■ slvi)'l Jp IjJ 1 P p 

.ipl PI ixiS' U^.Uipl iiuiS J H! , PI Uuii UkU p iupl 
Ch L«p yP 1 jj ju ft t\itfj\ cji Siji> p«< li»j Jp^’l i> P^ 
^Juixl y* iilUII jiUli tilljJj j^l 

p cm ftu3 jjA j* diAjJiil pi p-«j p 27-18 JliJ' Jp; 
iiull Uj> JiJJU u^ ( 35,000 cV IpU# oUjpU Jji . ^Jfjp 
n jU;2 c«Jpi <>n = 1 opl J| o^p^li**» «pl PI 

pSl UlLII 4ii JLiw^O j-*i*Jl p)ll Jpl pi * J^l Pj = 3 
i jlSJI pii* slpl 0-6 *Jp' J> U»pl Up , = 1 JJ re = 3 <> JliSlUl 
oUjpM Uli CjI Am y* pi' p^il JljUS'l JJ* p pi jUI 

gj_a P oliili i>j5 yi pi 'i UUull oUjlyll yj* k 35,000 hV ^IS Opl 
1 eV pSi 1240 nm Jpl yl psU Jill Jip' U»±i^i lj|j 4 Ipl 
1240/35,000 = 0.035 nm pli> 35,000 eV ji ( 26-4 y+ijM J^l) 
jblJu L* . PL; jA UUpl uiS oli pi j|i 27-18 JUI j* USj 

. j> yi JP' li» 
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( AjjiJI (jlrfkVlj OlbJI olyUa ) Jlj ^LJI JJJl 



* —ijillj jJjUi i**ii ■> 

. uJij <o*t ui>> Jiji jl 


27-3 JIm 

oUW^ l^b— ‘ p-J-jJji! iT* n B 2^/i =1 jMjlJI <j# ollll jji j»ji 
. 27-18 J£AJI y jjjiyi 

0.070 nm .il* IjjUI uiiJl jl27-18 JSJJl oiJ oJ li-ic .jj jiiuw JVjuLl 
0.070 nm j->y< *1J> jjJl j^yUli 411 ilj $ n = I Jj n = 2 JUUi^ll ,j» <jj& jj 
. n = 15j_ikll JJ n = 2 a^Lili j* LLL LLiL jll< oUJl J*x, 

1240/0.070 L*jljJu oU? yjU 0.070 nm jl* , 1 eV y»U3 1240 nm ji 
oljjJ j^l j-U j* 351UI j> ojk ji *i»i <1U3 18,000 eV yi .i 

. 18,000 yt JxJJ\ 

j— asI j-» Li . 13,000 eV l$_Jib objyiSJb Jjjll j* Jjj» Jjj - jj^J 
jfcLUl - J-J* L-M • l> y-Sj ifciS yy 

0.114 nm i, 0.095 nm : 4 jI>VI Yn = lJ!n = 3;> JUli^U 


27-10 


SjjJJ oljj j_p ijjLJI ojjull oL^jil jj ie**** j* jjLH »jjl i*j> jjSLi 

olj jjjjl J_*>3 *yJ> L^ll oUjil jjS 0*^ jjuixl’y 

• J* M/iil oljjJl Ifbu jiJl ol»jll ji 1)j ; jl>Ij y-y Jjt 

CiL»jil a j* jj5u H Jjil OjtfWj . ydAjJl Ifuj^ jtf jjo olijlUj V yi 
y|J i A L>^ J_S <a— cJIS lij <ll JJ ^La^l yiu* . <{aul Jit 
. A-Jn y ol* Jl oi» J1 j jj N ttt £*> j* L*j'Jl l>^ll i*- 
*j-Jl oL>ji ipLbf t-i£ Jm\jLj oljLJl J*> lijJuwl lij I _ lit u . yijjjl 


r i j^lJl yiii oL>yi iLlsl jLi . U yyi jX»* y j^lll 

aJuljllI oL>yi j_i N jjljJJ aJLsu>ka/I i>JI bw jjjjj> . ol^^II 
liijli Ijlj , AN jl oL>j]t ol*-w f yc^t y A <*-, l^Li J£Jj jjU! y 

Jl ala 


y ujji jl a4n liuioii j oi>yi i*_, «< 
*■) ■ 


: jl i>j Uli ; IfjA-, *fjj >i L-ullu i> Jl iixi jl iiu>a . AN/ AtFN 


UulIjXll ol> Jl j. 
ILIjii' jti ol^yi j 


"tel - N 


<ukil Jit Ol>jll jjl) Laajtf 5 yt N oil jjiiw .V > <Ujill <Uj>Jl jl Jl 

4_>j* jjJL» j-» jjSJ J i*3> j^j . 4iul Jit jti ol>jll oils J Lt 
<-t\> j_j 3j_* jjjj j_>w jJI j Jj J iLlydl ^y>JI jls i L JJj tit it Jilt 
. Jajljii y <&>) ilULi 
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( LLl^lj 5JUa-M ClLjijul ) viLJI Jtfull 


UHJi ^-*'s 
LiL / 0 ^ 

AWVW^i • ) i 



JA(D 


- , [^ u A w'JLM^"! 


f — jUmmA 

/£>. % 

i ff® ; “Wvvwv 


i/vWWV*> 

-fAWAV* 

Op}* 

JaiL 


:27—19 JL 

Li L LjUjj /iVwall <jU^S|I jiij 


jlSui^ttUli) 


*~^-h 

—•-*— f. 2 


—*1 

jUi-^UMu) 


j JJl (fa ^l , !»» . ^> 11 ji U^jlil oL>jaU jjyi jJ-(M jl&l fJu flj 
lf_t ij—jJ ^1 uij^*il i> j*) ) jj$\ jt-i L> y» li* jlSj 0^/i*J' 

, (5iU4-»Li)U vi^uli 5kJ* *yti\ ,*£- oWi 
Light Amplification by stimulated Emission.of Radiation 

j-» : 1917 fit oLiiiji If-JI ^ ^ J 

boo* jjjl 5fllj i JjLa J| jiii ^il .i o iL J ijlIL* 5Jl» y oljill 

0« J$Ui U ! U-& WL '■P J ^ 

jiLw jji» <u dyy yty ojy&ty 1 o^ j* • y^ 1 J & j jI^ u»R 
(ft iluu klu^ulljWLJI i (&yytt J$ • WUI 0 yyU j J)W' 
jjiJI y jjiiu Laj 5jjJ' 

. 27-19 J.SJI j-i 0*iy i L*iJl l«l» jit* ^JJI i*UH *i»j 
. j^jji y oj»ifeji oi» j» ijUi-'ii Jui o^' tiy-j 
Laic 5ilL ,pU>] LfiLi SjIjuI— b* 51L y ji a^ 1 o! 

ol Li ijlSLfll 5L-j JL (ffi j! pjl iilalj . 5kiL olijjji iL*\y 

oljjjiil^l o» aac <> a^ 4 ‘ijL x u.il ^Ia^U ij#S sa^ 
jJL L u» Jjyi ILj . iLjSl XJlxll j J^jll aa*jl (f» j *il SjUl-ll X)L>JI 
a^yi jii i^ni 'l ^. otijyiiji ^ 

L-ijSl UDI Jl l^lit j y». o' Jai oijll Jfi« O' yi > j* 

: e y~ --‘f <L*i XJL ji ciija j!jiLwl L!l> Lfii JL iojt ijlli-Jll <JW'j 
JJ j } pi)\ J«rt—! Lfuj t JjU Jji JiL 1>U Uei 0^ J»H iJWl 

. Lui ihy Jjii OAJ ya! <JL 


-+++++rE 2 

(<>U< *^1) u3>« jl^SlailiJU 
f r /:,*j ifajyjj 

/ 

AVWWV* 


^LSl J-aJI jtfLJJ o' 4 ^LJI oljUc'il ^ y 4 0^1 (V 1 *^ 

iL-y oUj^i jisu). 27-20 jisji y owi^ yw 1 

3«; J ((v) 4 (i) 27-20 Jiuiil) Ea ijUi-* 511* J| E\ 511*11 0* L* 
UUlj j^aJ L jjail Jiic Jti' ii**> E 2 SjiiJI <#w 5H*il J! 
oU^SJ^I gjy ji uj^Uil Et y oG_jyil')Il yijl *ic LL L i^L £1 Jj 
l‘aL5 0 4ili 4 SjaJI ihl >Ea - £1 AiiLL j. U> . Lfj^l 511*11 L-ilL 


_ ^ {*) 27-20 J£JI)£, Jl£,o*^j^ 

H»- -M- F-i ((J) 27-20 J-SLSJI) juUI jj U» jJLj LiLJI jy>^ *Um 0 y} 

liaL.jjjfi t 

AVWVW^ I. .'-.a LIIuaj hL olivOll aoc ol* *=»ljll >'■» 

AA/WWV^ " * ‘ J 

OdUajH)* , «^Lll ioLl ^J*i_j 

J&S gjj 0* bfr lijj* ‘ U)i> - ^ i ^ LiJI JU^ 15 >^' o* 


iw* wilaujl (A) 

: 27-20 JL -|i ^ 85% j ^jji+Jl jU 0* <> 15% 1 W*-« 

^ : i-U- L ois SU oLjU »« oyllj pM C4jil *a f M fio 


• jj*l^ 
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( hjii\ J^lj OlbJI cj\jfa4 ) ajUI J^uJI 

£*> ^ j'j* 2 -' 511 *b> j* & J 2? -21 JSJJI E) } En El 

aO.(51 cV ole ^ oijll jljSL.il 4ll> ^ E 2 Ui t So jy 20.61 cV i* 
. hi JL>11.96 eV jit jjiill ^ <iU? ^$yL* Jl»j E\ UUJlj , Eo jy 
jot * 11 J#i W* 1 awi j» fee r tyi otijySj ^ 

cfe 5 & j £a J! jiijl Lf^w jCi-u ^ 
£5. J1 IjttUl f yM oUjjtfj olL Jib ^1 olji Jn oLjLo)I 
. El )Et j# oOjjlSJHl gjy j Wiil jlij U* 
Cm JLiOKl^ ^1) j 5 Sjtii-il oly y ^US |Sap j,| ^'1 y,yi L- 
olLJI j-i ojii jLlbj i 632,8 nm IfJjL oliyy liy Ulki i Ei JJ Ei 
jj 4_UWI oUjy£JHl obyyJI jjt^J jSLy , l.% cV UjLL 

£ii. 27-21 J-iiJl jj L*$. pkw l#ii L* . Ei J! jlSwi Si jyuJI 
iLlL* ol>y dAvi-u ki^Luil *i^a> Jj lifj uJtit £i J] Ei j* Luy oljj J j£!) , l 
Jl ^ - >11 >i<L*jj1ll jJJ ^yll yHijl jy^l IjJ^jj . ILiLJl oL»^*l) 

. jLili Jy> Oji Lb jLjj'Jli ^ will ol»yl Sjm i>bj oliyylJ Jb ^Lniii 
. yj ILuljli l*'j> jk iliLfJJ! Ckoull yjSbj 


: 27-21 JLi 

jjyJ ji lilLJ ul^jiuJ yl#} psjh 
ir-1) *^ijL>SW* ■ j*P - f 

• ^ {*>> ^ Ji Ei J Ei Jujlyul 
,>^4-11 41jj <>y uL_.jUJi r jL y 
^jjSS juy Jjjlllj 

j>L—J y-Jj Ne ^ij5Sl| <j* 4>J1 

£i j>j——«bi jll jui ySl jjLJl 
AJi-ll.W«V4i6 4 i itf ili 


£’ 

?o - “J - Uww*' 

i 

? 

| 10 . !;LL.VIUIL 


£,1_J_ 

r>M Jfj 


:27—22 jib 

bl—yY) yi> W j^, -/ LkiJ y j 
4_ui ily > * > Lv ^ 

• Jj^ Wjl 



JjLiJI ) i> ^1 JJ ChW>*-“ j* ^ ofii) 

y*j *<l] jiSXi 1 Lf^l i^jjJ hii i-ijih J5uij yxJalj ^JuJI al^il jl . ( 27-22 
lilLL obyy j%b j»yj 5jLuJl y_yjjl olji > j^jaJI j] . Lii tyiJI ,> 99% 
iy-*-o ijjJ Hi jj> L»j. 27-22 J_SuiJl b!Jj ^lt Jjy L5 j^LJl y oLmj 
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( JU&'j olbdl obpa) jj/iwJI; pJI 

xup intfjil on *r*y *“* '-P 33 ip *MP *y#^^ 
cxiyi j-ui jJ iLljiij $p 5 -^jj Ij* *y* **P <Li " ^3 c Vj*5^ jJ* 
oli » iljJI Jt-i- LpSl <> iiul/ll 1»>II j* r& y»i) ■ J 3,lj 

. ipSl jijt J>l Akfi « 

pi oLk-jll £**> ji J j> v p> jjP j4* u* V^ 1 ‘p **')*3 
bj_*4 Upl Jj-UI jpj • i-Mp up p 1 Vp u* gp 3 
oy i_.pl o-Pj . LLlku oLpI j ^> jS 632.8 nm y»j ^>U J£-< 

J1 **S.3 . JP p* ^! up H ^£p> la> Sip l*pj y-** *MpJ 

P >a: - t j^_>jJl y_£ Ij-JMW JuijJ JjJOJ ^0j-iu ; lyp pb ^ ^ 
^_, <iyli v iup i*i«£ ip ■ l^Uij p» ®AjO«J1 L^^b-j Pp 1 
t l.. r UL> p Li IWij k y-p py ^p cW ^P 1 O' «**> 
k c-L^JUl j^jjj l>jjil jli j>b ^1 jjiUl l»'j> *iit ol* 1 

lo> iL^l, oliLl LfiJ-Aj IbilaJ) Up o)^k»1 y£- tLaill j* p" bi[) 


Cfc (up y 1 !) (v) * u-j 1 * 

<_i jul jji—il VyUlk ty *ii ^tJiU 
<j__iui jUi »jf*l ji uJiJ Ui JLSmS>^1 
^ JUi-V' ^ ( JjjSjb ) <**> 
, 3^JL>o]| uJU*D j jMl & j, j*jS 



M (') 

pH Jill I 0*;- f j*LfJ! f 1 -^ 3 - 1 J *up <« -^i if ^ J* 

V Qu i>til jjJJI ^1 ^ l*» u' ^! * v-*» P 4 P 

y^i opi ' 0L> ^'i 3 J! ^ 

, jjJaJl p iiilll i> Uwlj*4 ic^xj jyk J! ^ o* • ^*>^1 

£**3 OulSl jiy yljli lS^I Jp 1 ^ »> #i * 

^ ) Olj ^jyi ^ jii- J-S U* Mp rjlp ^ Uipl Up 5 WI 

obl^JI J! ( ^ ol}ip-S Vp 1 j Jp 1 
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(jyto, u» > «>Jij ff ui >m 


( f Ml Joli y cSUi. tfU jUH Ojn ji fjW-ll if* *•* >) 

uydi ol*5Sl jisl o,ii»ij. total ge*iai 

StoSj yi oli oL,U J*sJ VJjl prfo . I}JSI yioji* *yJ> 

. (y W *Ji ** ,i) UW* r l, ay) ojU y- J*. > Wf> 
r~, W . i_j-.ll <J tolBlI rfill ,-*11 WII )l*1l yiyc^l ja-ll M 

Lito i-> jj* U. yu> iyto toL. oli ijJ, j) UjeSyi uj1li,ly 

i*-)1l lju-J, iJ 0*!y» jrf u lit, . cijll W olij Mil ii* 

UU y Ul. 3jJI to-'il ■ ,Wt ■ lyjii O' ji VW i«“J* <j> vUI 
^ i.lj {^.1 jSi jy jiyii j* iyii jj*m to>« C,t us j^ 1 Jui* 

j-ii j* j wi» oo yito). j/i i.y ixuf. iyui -a of 

. j». oUJi. w ^ jn yu oyuij auJi ofli oLU j 
Wjj UU J W , Uj>, j)j*.jfll i>»i f yu jjjlll *>»l Vyj 
»>*l ftototoj, jill jSLyi flo J» iaill (JjjSjW) oitoi)' iyi 
t L*i Oi» . Mjllj -j-lt M-Jl *'P **' j y-» ' JWI .i* 1 
toij^Jl oljLi! j| J>~ f). > ijjtoJ' Ujii Jiall J. 0. jylll 

yii jiH toyill JjftJI oljU! 0* Jlisi JI yio*) WW yjejffl fill 
. jm»i J«-) •>»! j>) °y*" ° | y il 
j»oljU}IJBJ). . JilJI jij.UJSi.^^-tooMOylii-j 

. j).to,2l ;»l ji <y-J' OijWj jijll ‘jail < JiJ~- > jtotoJ Job 

fkiJiJui 

: > lyli 0j£ ji -to, JtoJI Ito o«ji )ij oil 
Jto)L (to.), 5 ** 0,11 ()) . <LLII to (to) ‘ yUlj >Wl JJJI (v) ‘ SW« *J JI < 1 > <> 1 

UUJl { c ) > olW oliji-l yyi r jll (j) ‘ y*y p a-a> fy. ol> (j). iAj ‘ j“f ‘ oW 
ijjaij uiui i^i ( ji ), jwj j-iWiiij jjWij ^jii: ysi jiaii (j) i oil# at (i). y»> 

(,) , lidjlll oltojll ( 0) ‘ UijW i^ij M «*i| ^ (f) ‘ Jtfi ij a ( J I ‘ 

. jjJB ( 0. ) • eta* V3BK ( J ), (jljB-11 Vfy ) ijM ^ aw ( 0 ‘ ^ 

i)J)ill yn fjy- J* ■y-' •> j yj5j •oJ JjS yi) o' 2 
.^IjJII^jOoI 3 

. Tr! M, ojl ,1.13! jiy iLL j £»-laJ jtoji' JjU' -^*5 o' • jHr «*» y*» A iu - ^ n= f' 4 

. oslj 5U-J oW <UJ yjl. oOLtoJI ji 
yy an oiyto.j y r oijU w J! oj^?u W ^'A 1 a j >- ^ C r= oi s 

jto,y«J' at* oiflU rJ )i as o'j. o^l V » ^ w ^ A *[ 6 
olkli ouyj jitJl r jll jt 0i" jij ■ ^ JUil J '} aajjV V * a 511 S'P j j ui y* 1 7 

.Olly.jlIfj.Oiyj-^j^W 
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(AjjjJl iilWl olijL*) ^LJI J«mJI 

. *LU io»jll Jl^^l u*J« jUJ *LU L>j]l JljJ»Sl SjUJI y jaUJ jjUfcjjjufJl oljj J jj s-uJl r jZ3 jl 8 
. 27-16 \ 27-15 JlSuiSl <uuj jjJl Jl« J 1 * 4 jy** 0* 9 

s_i_ii rrjJZ jlj <lL -II .allul >U_ulL 'Urfj'li! aJLxU jjj oSJ'il JliJA; Ji J jul_l^d JjL lOu ^ 1VI ill jl 10 

j^tuJI ( jilLJl ) ^jljij^ll LLuJL jbuuLi^ll Ijlu LL 

j-» 4_f Lij t—u ^jauSJ { J >JJ Jjl> J*ai\ \ jlj <A«il if^ui ^ L^! J$lj3 L^S Lu v (j! 11 

. KXUU OUs olj oUjjjUl Sj*J >J JO 

<L*fil t>-o}UI jte jlj , iJUajuuI kliluju^lj t y^iLIj i SjfcJI 4jui o'iUJI il'llju JjUJl jjJJl fjoi rL-i jl 12 
, jjJJl <Loujill oUIjajm^I JjO*j ji roMll 50* y\ Jl j Li jl . J&lJlj Lljill klu> ^ jj*l ii>J 


„ 2 n*ZW t m 

R - ¥T~ 


4 uljJji tUul^jj 4iIoi4 olj>j 


R ~ 1.0974 x 10 7 m 1 j Z = 1 . v*i)ly 

(n) jl>» j-ai 

h* 


An i Ze i mk t 

n = 0.53 x 10’ 10 m j Z — 1 < y-JLj 

: <Um>LI jjLwj oUjjju 

DjaJ 4mUI jwXJI 

: olbJl iuLiill UjLaI'u JOxju <U>jll JUtSl J-<'L <LuO ^ic flL^I jAujj Ojj dMjJ 


Jl^jJsSl lf ic Jj. M -oJ .lj , j JJuJJ 5J0_x» fuj JljlAl J4 dJu J£lj . 4->uJ^ JlJii IJ J i 

i (> <***-; lilij! ujSj £>i>vj jmU Urfi U iL»L ^ ijjiill ix*yi 

lo\> 

J J^l &ttll 4 mj 1I Jl^l J-5L 1 
/ = 1 ( yx-juj-'i jy ) jUJ *LL 
t s 2 ( ILL 

i - 3 ( •Ijax’I C C> J ) y«J^ <LL 

^ jLu o*Jl IL_j . j = « joJl jtlZj ^LUI j> y»*3 tfjM Iwi ILL J5J 2 

X=R 

A M "i» 
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( AjjjJI 4ilWI oOjLn) jjjiuiJlj wUl J^xL'l 

J&p jX>jj±iSi ojj iiljj a\jy-u) s^iLLjl oljUl 

; iljUib ij2juJil oljlxll jUJl <Jl»l jx»oj 

r* = n 2 n 

JjVl jtill Ju«i y> n j JOC Jl n vlu> 

' yjUll UjJJv jjJI AjJiJl oljlLJl _J>»J !jj ji jjvj* 

" 2r„ /i 2 

. ... i -Zc 2 Jfe 

il UbX olb ^ E\ = ^ e \ixj> 

ji Ij> jli (jjjJI ) jjjS£l^ll jj>jj i-uiu 5Jl> ^_s jjiL jli aJL En LjJlp 2 

. j» Jj“i 2 ?r olkU «La <U>jll Olkll 

. /?i = —13.6 eV . v.,11 4jbauilj 3 

jUfi.AU JjL ijUBj <U*iII jU*^fl 
; U »jj y L jjj&J] Ul> ^1 jk 0oj"5)l 4 _m 5JI jljLfiVl 

n = 1,2,3,. : 

/ = 0,1,2.,n -1 : ,jjWl 

m/ = 0,±l,±2. ±1 : j-uLLUil 

m*a±i : JUI 

UfJt jl ; iiWjSl oAll jUSi jJu liiJj jl 5o>lj Bjj j3 oljjji£Tll j* jib'll j£*J )l *il jLt jUju-AI iju« (_>**! 

l> Djj <JL>Jl yjjj JVl>l jUji C Lu 'i 
i*)L> 

J-t IjjLC jtj n JJlI »h; . Hit . / jljLf^U C&M 5J£ JU> jl Cu>j . UUJl oils j-ujjl jAJi JJwJl JJ^> 1 

. K >«■*>,! 1 SJLxll jJu J^I>I jjJ iilkll jljii jJu jixi JJ oljjjjliJ'jd 

. _w»UaU jjjjJI JjjjkJL UUJl ^ jWlA’I ijx» j-Ju 2 

w>ljua, x >j 4 Jju»! 

? *yA II j5U»[) rAjilU lM' j* jiJl jlc ^ IjU 1 

, ji^JU jl ,jj>jjjj* Lj y> Lfl»ljj yjj*>JI ji*Jl jlj . jljji-u UlijLj jUai 1 +j A4>l>j J^jJ j\ v_i* 2 
( ; .'l^>ly jj ^sll oLmla/I J* Uj ]ojJ> 0>J jUIl jlS j)j ¥ ^jf^l jl jjJ jUJl fjj 
jl)j5j jll^ <UJ BjJjUll ol>jJl Jljti ji JJkLill j* jli jffcjjOifJl jli jlc Jjlsy »Uj ^^1 i-yi jj>q IjOj> 3 
ji £-iiyi) V li-* L*1 jl»> Ijll . Ij^ j^l-i jUll jl lj* ji juiuLuj . lf-»Lui»l pii jUJ <LJJ Bjtllll 
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( OjjJl vjLJjVlj iilWl oL>*i ) jj>*Jlj wLJl >iJI 

. ( j>L jlp 3jlj> >jj jj i5i>! ( jrfl**’l y I ja 
II yi-Sj 4-*ii •i—j^jji ilL> J JaLIu 'i 0,1 nm Jjdl J y-5J 4j-ii ijjluil i ?J> ji k_u-Jl ryoy rj-iI 4 

jtfOut ijjj jap' Jj jll ji £}ifiu JjA Ifj 

U-^> . jjL j~Ojl Wlii ji Ow <U~u ji L-5 AjUoul* JJ Olusu Lf-ollw Jl>I ji jj toLall ol5> JJl>] oliji 5 

Y <fuul! J 8ji5jj AjAAwj ipj-u j rtiult I AA ijjii jijj 

<-aaI Ij UfJUli; Lfiu i>jj J] jJuuJi UfoMu jlaxu UfiSJj iilUl 3>> >3 ^ j.^ifJI So UjySlJ 6 
jpjji MUI j>i iij^UI iiLLil ^1 , ( oJy ) pjl j 11 jjU iiLU Ijjjij *_» . iu Ij 

Y L^JiP jLIp^I jS^j lijJj jJSI jji*^iJI j^U l 5^ • jjlSIl jjySSJ^I j^aJj £5lB^I <#>01 iillsD Ij^aaJ 
Ul* ^ oLilUl ilL“ j_£ L* „ ^“>1 J* 4.3 eV t 5.1 t 5,4 ^ jjsll olilL iL; 7 

jjiJI yyijjJI jU>] ^_3> <*u?j iujjiy Ji 15.8 cV i 21.6 t 24.6 i^j^lj 4 i 

. LJyll jA p^Jl oi a ji ^-uJl 

wajJI oj j ^ OjJi up' ji jju£l] fljill ^1 p Ijjla jjiu ^l> blxu ji oLjjjiJ! A>i Ji jA\ iSlkll j!jL t_L*>l 8 

JjL»4 

27-1 fJUl 

yj»jJi Bjl |wj J ujPjJ Jji J>i 0.150 nm yj Cy Jj JL*ij 6 x 10 " i m yj >_*»jJi ol^i >J JLai il# 1 
Lil*Jl Lajulp j( o-^ iiUil j-* U . Sl^Ul Jl»i) 0.10 mm U^lsj AJaij L*jjo_c« ou>Im ^ y-Li*j 

V iUiil jP IjLyy (, OjjJU U>jW! 

• ' 4 ->l>j j-j *j-> jlij 0,5 m ,J lfX>Lu 3jiD y>j JJuj jjjJu 10,000 j* ~CJ* uku« ii^> ojju- 2 

ijAlll i>Lj> jA L*i . o«jii 800 ojillll jti jilt J I jj ( i) . 3jiUl i>Lw ^ i.>JI o-Lu cwl^j 
Ljjiii 9200 j ji i jjjli’l ojs J i })i> ji 3 :6 400 cjiaIpj Ltltj <15 vl>^)l J^jl ^ (y?) V 5jjLl)i rl>j j 

yt U (_») Y U^<i 3j5 J5i) ^^^*1-11 ^laiil <>La jJuj ^5 , )oJ± J iji’JJl jit 10,000 J-oi ji 
Y jjyfjjj Vj*31> (y) ‘>11 j ‘wjljJI ol>ll flit Jill 
ij*-*! iSj> <3U> siw!5j . (Z = 79) oajJI oljj y>j ( q = 2c ) UJl oUa-> o_jj^Lij JjJJj ^y> Jil 3 ■ 
Y »\y ji r iiLa jjuJ <tii jip ( r il^lju) Uli o l>i ,»> ■ j>i <51L ^a L (1) 4.8 MeV oL^-*>Jl 
. <i5Lw JJsu wijjJI sly jl i>J»il 3)y Jj* j* Vj^ j* jj jjj oUa-j*J Jaj iiLa fl»\ j* U 

. SjluuII LjjJi jb 

uuijJl oljj jj—p »5 (wi) ? i> <1^ j* li (i) . 197 kg/mol i^jJI <&Sj 19.3 g/cm 3 3iii5 ^JLi 4 
.j_p U^jiJl lj|j ■ 10' H m y-i s^jJ' 5I ^ jkJ (->) y . 0.040 mm <5J- flip ji 1 cm 2 UjIjL 1>Lu J 
jJ Jjj-jjjj j!5 li[j ( j ) Y oAjJl iyii <jLu ^jy-t 1 cm 2 L»jljii i>Li ji »>JI y> 1*3 j^ ySj 

Y jjuij jjAuii yll Uli oV*> yS y Li i sUUJl Ijl^j tlii ^jii-l 
jJ lu jj-i JJ. (Z ■ 82) joLaJ oljj jJp ouOti jj 2.0 x 10 7 m/s jiJl till oL*-t> ji J>J 5 

Y ^L^jJl Sly Jj» j» jl Dl oL» ^l 






(LjjJl iilWI olyL#) 

? (Z = 29) yA»JJl »l y 6 * 1.8 x 10 7 m/s L^j- Jt\ Uli oLw-^ ^b 3 * 1 ^ «U j» L 6 

27-3 j 27-2 jU-ill 

. oji) jlUJlj fy. J** v-* 1 7 

>0 , R fJj fy > J ^ fcj* J feW*" ^ ^ ^ t'^ ^ 8 " 

. t) n = 2nke ? lnh iftUllj 

c *jJl ChWUI 6*lU £yli p • yUij /X j* **?' ^ 9 1 

. ^ J/JI jUil y ojjJfl? W ^ v->' 10 ■ 

V if y fyi jm s J/» ^li' y 0^1 ^ % y 111 • 
LfilU y o£ U*iP fc*jy* 5 jj j» yJL^l £*J aU> 12 ' 
(n = 1) JjSl j»je > >i OL yu^l , +2« <L*i)l olj lljill J>> fchll ^ f^ 1 *y y Jj* 13 

jyH\ U*J (n-2) yWlj 

, 13 pij VU\ y CJ J} yJlj i jibJI 5±>j r yl+JI iji) iili. ^ ‘r“ >l 14 

JU*) f Ijl i (Z = 79) ydl if j a)j&\ jIp *M» V s ^ ^ ^ 15 

il, u\ji iiiisJi J cJJ (I). ( /t' £'} y k iSh ^ vo * 311 liA J) • ol ^- 1 £*** 

? SjjJI o4J vJO J.J, jbi >i J-J j» u (y) . 13.6 X 79* eV y iyil <> 
fc^ji ^ U (!) . 0.50 x 10 ,ft m »>5 J-i iSjIIj > JWJ ;| X J y JJ* 0< 16 ■ 

? jiiii ii> y ojyswi jjj; y u ( V ) ? yj^Ji 5 y ' 0 ^ ^ ^ IS 1 ^ - 1 ^ 

. 4^-5i£ii i^yi y-u y* * ill >* u w 

jW. L (v). o^Ui+J olt Olyi-, yji vu->l (i). (Z = 3) W9 V ^ ^ 17 " 

f ^U)l <iiU3 Sjj 1 > uj/SIJ 

uwi uu., yijj JjSi jLdi >5 a-; —»i. a. ui. jja j* a ■ 7) u^j^ 1 v f 1 18 * 

. ojjJI ojj»(> j>T il'j'il 4 ij-ij 1 !' 

. oOjbSH i^Ojj^^uaiz.u) V * 18 f*j ijLl1 191 

27- 5 j 27-4 0^-i) 1 
y4 <ll y JjSi ^jSi lykLJ J>)i v-^ 1 20 

f fBjSl &, 0. pSLJ I3U . a-L J» jit e yij «JD» W ^ « 4l® 21 
jUJ <JJ- jj JjVl Jail) (JLL j j-jLJI laJJ jjljUl JH i)p 22 

. ^ ax y ^ j> Jjti} tftj* ^ WJ <*»' ^ W J | J t ' 11 23 

Jji *2 JUI ojjyu J)W) A aj- j sr ^ J >' 1115311 **“ ^ J,ul “ iJ> 24 

• Ck 4 <LL y 

iJWI Jl n = 2 w* i"* 51 4* jij^I J® 1 j V*"J ‘ 4*»|^» V ‘i* 1 - 1 “I ^ 26 

. n = 5 lylfill 

1 3 UJI Jill t Ui?U rffjll o^JI oy4»j# W 1M« V ^ ^ ““ 26 ' 
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( <UjjJI uibi&lj AJlUl uibjLu ) jjjioJlj uUI J-«JI 

'■ jUII ji \yj djub jjJl flvi)U .yt-jll JjiaJI j« U . oljj jl* j>3 12.9 cV oLij^iSJj ojjj 27 ■ 

jajjj i oUlt jJjI Jji l#_l jitl olijjjill j* Ui V jj£ jii J!)L» yu (JuL f li| 28 ■ 

' ?jUJl<kJ* 

Uj If 5jl3uu*ll yk j^UJl ojUI oljj Lfioiol jillj oliU» ki/}U ^jjl lyJ ^1 olijjjiJl olill» L* 29 ■ 

* Irt-jll IfJljtl j» 

^ jlL»I lip . OjliL-Jl yj olji (> jli 72 nm ^jll 4jy» ^ x Ju ; jji »ys i«j» yi 30 ■ 

L» jjt I) ? ijjJl j» 4jlift i£j> liLL ^t Ui 1 lyu jiLlj L iji> olijjjiJl a>1 

■ i*j* frit** P*-t 

f ijJJU pjjLiJ SjIjuLuJI y-k ll olji j* jU Ja 5.0 nm j>jll L^-J^L ^lll ju£| i*ui y Lij> j»Lw 31 ■ 

<■ \jl»y j» L»j (y) ? olijjtfWl oU» j* U ( I ) . j,rt-jjJi<Jl olji (y i£yjl\ L)jJl oUjyil']lll 

jJU Jsi—40 nm j>jll *)j)» 3j* 1*1**! jl Jx **- 1 • 24.6 eV jk ijlliuil yk |»juiyJl cilji 4 JIL 32 ■ 

iCj —1 j-A Lij (y) ? ^>».jiii)l jji fl*J^I oljjJI jj jlLty £yl iSU* jit b (i) . oljjJI uUii 

! li* 

xf*l) jjj >-J.xc ^1 oljjjiijyi j< oj» *J*-ilj; *** ixfrjj ^ II oljj jj jU uiii 33 ■ 

{ ‘ uiiiJl liyJ <>y0 jUII 4juii jjjl ‘jkftU ,j>yi JjlaJl j* u . 13.3 V 

27-8 Jl 27-6 j4 

? jfti j ,J< JlH tiJ Jjt j* ^ 34 

j*ji kitji ^*j (> »ji ^ ft = 5 (u>) j n » 3 (f) oljjiiil y yl j5L*i jill oU^I joc uj->I 35 
. 35 fij i)Ul ji ytjj oljloi ji ijj>Ul uiiljjjjiljU j+jll Jjjj ijJ Jjt ujlu>I 36 

? n = 3 ^_ujyi ^»ijl jjmJI oj.uu ^ 5 aI 1 i$ji!l ijjju*»ll ijStil l^jljdl iat^ill ol^UUl jja U 37 

jj_i3lj n j^JI jjj3I o*j U-J ufit ‘ b 3jj ji olijjjiSiJj l$3i ^ iijill Sj-iJl eij*3 38 ■ 
jL*ol ( j_j jiliaJl tift ^jAvIul . fulliu. /Til Lu^ JJ jlAflj m/ b-ul ' IiiAJ KfitS jliPl LfJ jSJj 4 / (ijljil y5Jl 
. ojtjJi jj/ = 2 ;n = 3*e£jiJl iyatl j x*y Jill j*t 

oUj^iil'ill jjl-c Li j 11 = 1 i n — 3 4 iAli jljit^l LjJ ijjAji jj-ii V.SiIi I i^Mi^liAll oflUJl U 39 ■ 

!f 0 £^iJl iySill »ik ftji L 3 SJI 

j / lijljull jftSJ 1 jaa)I (i) jic SiiJl fJJl jj£ U . n - 4 j-*y^l ^^1 Iaja 6 ‘ j*y *^l> i> 40 ■ 

? mi j-Jsliill ^1 JJ*)I (y) 

i n = 3 (i) jit Jl jAJI ojjfi ujjiSJ)' Oy-aJb (/ 4 mi 4 m,) ij*£Jl jlac^l (y ullxll oL>j**JI jja b 41 ■ 

? n * 5 (->) i n = 4 (y) 

J JyiJ (i) . I = 0 j n s 3 S_u£JI aIa_pS|i Lfu i>a^j fUsill j**j j bi*yry 4i^ 6 ^ ^ ^ ■ 

jjlX U (y) i ? <*-21^ liiu jj^y o*jlUJl JJtf ^ . JjIm yt jLy-i'b'l i^u ^j ui) (j*ijj*^?D 

? LyLu jLulu'il ljuu jlS lij ly; ^j«M>ll o'jllftJl 

iJLxll jj j->j j ji jHu olijj^J) , l jjtf ^ . uilJ Jaa Dry "jl IjyJj Ji) <j» objj3i)J>U ,^-J UUii jua\ 43 ■ 
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( OjjJI jU&tj oUall ) jjjiudlj ^Ull J*#JI 


V n = 3 j ~*>Jl jaiJl Ujjc ^1 

? + 1 Ujiiii jfij JjjjJl JjaxII y>Ui i«jji Jy j* Ui t 43 pij iiLul ^ h$\ uij^Jail Ijyel lj| 44 ■ 
(Z = 11) ^yiyJI »jj j) iiliiJl oUjjiS)^ <u«SJl jIjlcSi oi jjhj ofi 45 • 

. (Z = 8) 5jj o-illj m, i nu 1 1 i n jIopSi byy ylS> 46 ■ 

. (Z = 19) pjybjJl (y) ) (Z- 10) typll (I) olji oUj^f i*A\ obyy ytfl 47 ■ 

27-9 f-ill 

y L . 20,000 V ±iji jy>JJ jjj jffi <U« wb yjlil Sj+*i j 48 

f)) ? ux)*^l "*->.$ <-i4" (Aluiu 24,000 V <J*u oj> l»jJy l*j*? Jjl» ^ 

, ( jlpjj tJ ll yj_>Z y-i| Uil (> oly£ cutf lUj Jll llJ »j+*i 6& 

yl^II j-*> j*P J>b jj^>yi yJlfcjJI (»ljjSt Jl Jj-jll Jij«wl>»lyl; J*jl jSJ' ^| i*i> p**-3 49 

ijd yyi U-* ud Jji» j-ji y l* li* Jy> b »i* J-Jy ptf 

U48 kV ju# >3 ^1 

? 0.045 nm ^1 l+Jy y-*| id gtt i y-Sj id J ySHI j**JJ ^jSl a*JI j# U 50 
IjJ yjJUl y_*Ji jjjJ a>JI y* L» (I) (Z = 74) y-S’J ifcii iyi ji ci-yS pxSy 51 ■ 

j_i JLiDI ijjJJ £>X*-J L*Jb iiiuiil y^l UjS' ji>y jjl» Jjtl j* li (y) V jiliy y jjJI p n = 1 

?« * 1 Jj n = 2 

l^vjl . ^|S[ Ajuli yylii j3 l»JL*o-il jl^li U-l J^b j Oji JjjkiJl y!»\ jlc jlL 52 ■ 
K a I Jj-tJl y* L* . n = 1 IJbJI J| n - 2 <JI>JI jt SjjJl JLui Ljit j*y i^Jai y-*> ix>JI >i» 

(Z = 24) _yup jj ?y«M ^i<XfJ y-Jb 

? (Z = 40) (y) ^ (Z = 82) (i) <> #S\ oJ ^ l* 53 ■ 

y_i UyA* JyJl lij n = 1 IjjjSSJJ jrfiUi ^1) (j-^l Af^Jl jji) ^ij^l axII y U 54 ■ 

{(Z = 13) (y) j (Z = 28) JSyll (I) 

Uyll j*-^J y» Lj p (Z = 42) fbyijyi j-#b) n = 3 j n = 2 o^y-il iilkll Jj* $* U 55 ■ 

tn = 2 J| n = 3 iijiJI ;> |iJ jljjJjII oljj J£m 3 Uaifi 

27-10 puill 

lilj . oLm jj-t ^ 1-Loiii yiy«fbJ» J U»456.5 nm) o^j^l ;jJ & *y> ^ fA>o«; 56 ■ 
? r l*J)l '<Ui J iL»iyi yWJI 9jjJUl jjSJ fSi. 1.6 x 10" 3 ,! utUI <> J^jOj 1 x 10-" s UJI o*b 
- pjJ* jjJ 'i>j> jjJJI 4 j^I J i Jb jy>J! olj^b yyj Jiy jjjl <-}> 57 ■■ 

iy yjy pRf»'j Uju» ^Ly p , jjJJI Ji* 2.8 nm jjlji* jJ>j olj (A = 633 nm) 

. jy>J! J| y>yi Wj* jLljbl ji V160 m oySl & 
jO^UU- £ji)l y-Ai OijW 1 (> o!* ‘ W ol ^>* 'jW* ,J 1 58 " 

lyj iitj IjUl jLJjtfo Oy yli JSy J^kl' cii^l *J Ji>) • 

^1 yyjl cil>yi oLaJI 3j»lL yui 11#} Cw £■• jj'j 11 
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(yy*n oby-w) ^ui 

*a}*3J I JjWl j^£» ji y»j i Ul*i 632 run jai^JI j>^ll1 JjUl jl$ Ijli j^L J*»i ji UlixJU 

—il|IX jlj X <Z 1 jjSj 'd)jj> J '&£> ^JliyLil • wjJj f yjti JS iy (jLj j-aii Jl> Jyi'il 

» 

ioU JjLm 

. /IA/i = 2/1 Tn Jjjy JJ ol>ji Ajuiuib jjJjJI ]>J~I ji>j J,II. all Jj> yjjSl jljjjJ AjjljJl iJj>lll jl yiyljl 69 *■ 
ji * j , ij> j-Lc i jo-jj jjJl jJoLilU j_»v Ijxi jic 'i'Ju ljj» jxuu ) V SJlaJl si* n j^SJl jjaII <UjJ ^5 
( ^XwlS Jiy Jj-aZ dlllj Ia> Sj**i lui blip! djU jJaUj t ( J^aAll ) 4y»£-ijj£lil pjjjjl 

JJjJ JjLy «JJjJ UU.JI .iujj jJjUl ^I^S . LSaw'^ . iJ^wXU-, jtUl 3j> Ojisj jljLI ol j jj>jjjy» Ojj jj 60 ■■ 
jjlu" Uli o Lilly, ^ic j'lLjj'i .ilbj , 4 >i‘i‘ill txfj iu>Ul CjiuJf bin ji Ju'llj , jljJl ji 

/art, = 4e ^ : ^ yJD^?U iijl^ll Mjn ji c*JI. oljill J> 

n jj_L bale All olJI . n 1 aJIaII Jj n <JL>JI j* lyfi Ujup j^jj*fJl Bjj j* duyill jjJJI yw*>l 
. fo rb J;ljJI JJjlil A~n jft jjSb JJjJl lift jli (n » 1 ) ljL> 

i n - 6 JJ /! - 3 ji (2) t n - 6 JJ n » 2 *. (1) : j^j^JI Sjil ybH 455*11 ^1 v^l ctflitflll y*l 61 ■■ 
¥ Jj-bi jj by? 4 —b nuwlj oHUn'llI jl (I) , n = 1 JJ n = 4 ,j« (4) v n = 4 Jj n = 7 j* (3) 

¥ oil, ^aii OjjJI yduU 3 JlftSlI lSI Ja» (y) 

, SljJJi Jib ojib oljLa ^ J^oii Ifllj , Lflw Jilii j 4 j^5uu Oji oljj jl Jaii 62 ■■ 

4 i jjS'l iiJUJI jj oLo__yJl jl jj-uu jl LUi t 6 x 10 * 15 m i^u^Jl aj.> jyjl il^jjl Jai jl i*n>j 
jj jeJj UL> ^ j^jyj Af-Jly ^jil Jji^ JJ Jjb j^ ji y>^ ^ 5 X 1 U ' 15 m Ujlja _Ja3 J-si j^ 

. Ai y' iil CjIyjiU J»*l V ( eV 0 I 4 I jjj^L ) jjjj^JI liLL j* bj ? 4 y 0 j^ll 4 lll> jljil lift Jli 
Luljj »Jj-JjiO ji viy>j . 0.140 nm 4 _p’)L?i j-» J^ Jj_b JiLi Ja^x* j^jljl 03 •* 

J«_» Syjb jj i-JjAJ j_JJ_> jl ‘Jj-xJl jAjJai-O b»l_) li^yiSOj ji yjuin ji j* bfii ' ^J ^} 4 

jjji jie ^ni jail'lit j^ji^i »i ,>1 iLi . j^m t ^j—u jLu j£ uij>i ij> iij^iSiij ji5 ? m ^jj^ji iu>^ 

: iJjUilv ( vyjWI ljj» Jia j ) jlwj jij J^’ll jjjlSJ'jJl bfj oils)I oby-»4 ji Cull ; Jj \y t jJ ^^1 JjUlj 

£ h =(7.1x10 17 )^- 

m 

—ult j->f* j*l> jl jIaJ . 0\jJ>w.' obLi. > JI lit Osuj jl . SI otjJVj^ jfK) ob«iJI J5 ji jifjt^l 
¥ jJUjJIS Jib JiL- jjjjuJl jl 4iji> £4 lift ytfilii Jftj . ¥ ji}i3l <ui> yoLalil pii/u jl 

*1..il.< ji ^illll LiJI jij ■. 486 nm 3jL j y^ii l^i^U,J Oui j^jjj^ft 3jj jljJjl apjm> » t u i>I (i) 64 •• 
vl>bu)"il lx> ^ jiill> oil OUsJl j5 JyiJI JJ ojft jIjJjUI iilt 4 j-u Ju>ji (y) . ylL 
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1 


_ 1911 Jjyjjij U$- UUj SjjJI '£}» ji 
y*> Hi J_iiJ H l*li (> fij I jlfij . <i*All V>>* 51^ 
Utf i> ttlig 99.9 1* ci Hj ijill ^ Ch iiUt 10 u 
DljJUU SjjlJl o a **; j • ®j^l 

U . UjljM ^ J-5J3 ^1 L.J 0^ 

jj y^jjl ‘l^iU JJjJjJI ol ij il al )! jj IjAP ^JUL> 

. ^Ull uu 







toll Jifij Jj ill joaJI 28-1 

>J& J>l>i J I ^M 1 iM 1 j W?: oi “ l 

(p) oUy^ Cm «lj-iil £>i - Lj)l» - CMjll jJj-* £ 

J_»|j £.j; 4_)S \jJ&j c»Ly olu-^i »Cu» Jt jlkl jij ■ (») 

jllitd U*J H iy^*ill ulj +e u^ 1 ^ O' j-ta • 5I ^ JI 
U» C«^* 

m, = 1.873 x 10 w kR« 1.007277 u 

) 

m n = 1.675x 10 27 kg = 1.008775 u 
. (amu LL>I uju&j ) j-^ 15ii> J u ^ ij> J j* -3 ^ 
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(ijjjJI iilyJl) 


jl Jaii jSU-J j'ill L.1 . 28-2 p__uLli J£_jj oi>yi djl^J t_L jC *-i>y 

lu= 1.660566 xlO*‘ 7 kg 

j-* J-SJj • LiU; '-wjij >ii oy)j^\) J&S u' J*>^i 

JjLj IjuJL jL*-ois>« i J_l» v | ajIjJu JlI jj_c jjjijjyJlj jj3jjJl 

' jjjjid^l <JtS ji j>j i Ojlil! Jm 4 jj» jUyuw'H 
m« = 9.1094 x 10‘ J1 kg = 5.486 x 10“* u 
oljjMyJl JJlP JJlaj Z J jjJl JOaJI jl* : ja^Ulj ^Ul J-aUl ^ UjSj U5j 

\^>JI jjj3SJ] Z ) UjUld oljjJl . U >jJ alja ^ 

i i'-ijjjLsj)'! ai-» •dx—ily L sjjJ ^Lm^SJI i'^LJI jj^Juj 31*1)1 ^l> ^jljJl 
- jjjjS ijj J& yHjJl JJ i Jjill JO*ll LjJ j*)l kiljJl llhlj 
j^fclll , iJ^OSJ) 79 oAJ Sjj JSJj ; olijjiill ii- >. 

. ^UaO o,jJI jUVi J* 1 fij 

J_»lj oLily^uJl Jv>^ k_U_U Z IftJiP ^jJl olj«jJjjJl dli jj ySl ilyjl djij 

N >_pw olyll J JMl jAji) . ( li* |> J&~*i) jl^l 

OjjJI * lis!l j«_ij jl jl LiS* . 1 U jj ~<h£ <iy JS <Jji jl 
y> _ A-iiyi _ lift* X ifjjJl Jlill olj->^j IjP li_uP Ijl . L/jil bspwa Ijjp 

s* ' Jpyis- J* Jy^ • ^ ‘ f^V- 115l r ^ 1 '■* 

39.96 u * 40 u JJ (Z = 18, N =22) j^l Vy M J-« ULa * 4.0026 u « 4 u 
jjp JjL i ytj i A JJjj 51 y JS 'j&j j! Uii*^ ; jUj^l ^ lj* ytL*l IjJ 

Ld'Ju al^JJl LllS j_. Ij—^ ytf a1i£JI jAPj A = Z + iV : 31*1)1 J>lj o^l 

. L.jJl JlSlI olj>*; 

jSUHJIi V^IJ3tfl 28-2 

all—^J jjJl duSJl (_iUa* #Jf*i yj-»>jLilj <uij^i lijj ^jill JiS ^Li m jaJ 
, jLfJ»JI dJj fl^-li JL^^I lysukiJ Ullw U-j 28-1 JSutJl : 19-8 ^-i)' 
y LS J-1^|^I jJu-all j* . duljj - j-aixJl o’J^S oij 

lfJ U A>d k V jjljui* nij > S) jy jit ollwSl <a J> J^vAJ pj ; JSui!l^ j iM 
pJe pJ S 2 jjbu L*jup d UjijjU icyj oLl^jS'l . S 2 Jl* obdi d^i^j 
^LJ j^jj in-u j_* L*S j—.y>Uil' JL»JI ik-l^j Cjib ljt-4 i>b) lfij> 
»i ^jl jivy ^jL kiill^i'il Lfj pjk<u jSJI ^iyi m>it d'jjr jLil y»i Juol 

j>l yy jl j* uuliS 

. (19 5 5JjU)I ^jj-Ij ) : ^1 ii^UL j^Sl dsfu r *11*1^1 yj kyy 
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( AjjjJI Sljill ) jj^gJIj j»$l J*i)l 


1 


:28—1 JiL 

JL_v» iJ»——ljrf 'J-JjjV' «-i>u. f-± 



»1—Jl | uAu lilt ji C-aLlI lik ^ 

. (^ E i^ ) miQ > jp 

^lj_ii jduJly j—J JjiuJl f UJ1 
j j_h j 19 »L9 lii . CiltliA 
• ^ H —' • J>^ ^ j 

a_iuil 1/iiHi jij jifi AjUjj^ jjiii 

• ( ) 2 H j*W j* 



^_U J_-x>J jJJj i j^Sl Lt5 yL> jiiS V )q i D i r ^ cult Ijji 

. HI j4 j yAJ 4 jl>LoI| CjljijAJ'Lli <dl^ T^ Lull lljill Ai 

|iLu»ll tj&J* f_y»Lii Ojj_f { 'ty jjJI *JAll <1A)I ALA* pk*JL>l L*Jut 
4-1 A ll A LA-1 oUv^l j-« ji-SI *i jxLLy* j. ji ioll ji jAvi L lylA 
1 L_bl y LA jyj±>«« jlii i jAu AvJ ALl£J< J| Juu ^yJI oA—>il jl 
j * m Jl j_y . jl ^U11 m>I UAjS' (19-5) LbUll *-* AL-iAsli I jut tLA ijli 

AlAu JA lj j*5j A J>l_j)l 

jj jjull jjJSJ< jiA 4 ^AyJl Jjy jit JVSJI JUll 

: jyJi jj j#ty j* j)iu <ji £ta£i i <JAJi Ala* 
75.4 = SjjliI ipJI 34.97 u = < 1 A)I . J/ill ^i)i 

24.6 = < 0 iil Ml ^.97 u-ilAII : ^ilfll ^Jl 
t^jJJ 4 -ujukll Jjjjll jij ‘ i-lUli 76.4 ^ JjSl *Ufcuall (ijijll jl Jli^j 
jl Jj ; LA yLaAJi Dyjl ^ j*t>iJl ^ 4lLuj. iiLIL 24.6 ^iUJI 

jAuju)l LfALxL jl jLyUi jij c J>5U 3>llx* UfL J?}j&y yi^ y Lll 
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( SjjjJI Slyll ) jjjiuJij jjlill J*aiJI 


Jin t’ covJl »S j) ly jot Z jjjJl jjaIi jjLo Lfx* J_5j i jtwjLi* 

. jiSill jlllii uJlx. JJi <Jj <lxJl jJu <J Jill ; JyJI la* 

jjJl JM JOP j£Jj JOtf jJj JbliSll Jjil) 

j_Lc Oj_> SjUl jlj i objill J0£j 4jtill WJ_*> JjDl ^Lb j£) 
Jill _pltu Jl*j i Jill I Ja*-/ j\a3 jX JiiJlf Jl Ojtj jjJI ^AiaII jo** 

. jjjJI JoJI ^ j^^yi i> J5J ; 17 Cl * ff Cl yjb JJi ai* aUjL 
pq i A = 37 JiSJI »aaj Ut A = 35 Jsfll aaa* L»a>! jflj t Z -17 
'flu jjj jJ.1 SlLS* JjUlilj . 37 j^ISJIj 35 jj&l U*ii Js. Jj 

92 +92c UjlaL i-LL Djl ^all . 238 p_j*lljy <4* jiLj 

jju: oi 2 j“U t 235 Li L!^ 238 92 =146 } l Syy 

. SlyJl J>b Jsii L^u 143 j 92 viLjijjJ! 
j_»J O *> i ‘L*iill ji <1 jjJ tiaJI j-jIUU jjaJI Jja»JI ^ alow JWj 
jiliuJI JiS L#ji ^ L/y . j-»L*)l ylL JJ Bale <>ja« Vj^ JiSdl 

y> i i jjlill -k-i^U , u,uLII w^jll 

m. v = 35(0.754) + 37(0.246) = 35.5 u 

>>Sl (J i>latl JS-AJI jj ojufci tfjJl (ijaJl JjO^fJl JL-Ij jjjiyi Orfill yj 
J 4,1*3 . jHWI j* J*S joa) VjaJl ' Jsfll 1 A ,5*111 ^ LS . -USD 
ia_»3j l*Jx . S-jjiJI oLjji5J)JI JJS l*J| liLL 4 Jyll JiS ^ jo* 
: «C ^j£]l 3jj ttS VSl^ o>ll o,a)l JjSJI 

12 o^/ V *lsS <> U}> ^Ja» 4Dl^ j* (u) »o»l)H o,aII Jlill"»a>j 

28 1 p_DI jj iajljJI ‘<_*J)lj . 45 jWI u-Ull J! i5>^ J^l JS v^Jj 
. aJjSJ I jlL oIlL j* 

28-1 j>*0y Jli» 

? 235 U >UJ OjjJI ili!l J <J1*3 *5j)l j^-531 y U 

. 236.04 Uj j» 235 U ; 

Ui^ oitf lal* 4 lijjtfJJ 92 ijaJI oifj 6[» i 92 ^aJl joJI £,i Ap.j 
: jli 0.000549 u } \ 9.11 x 10' a ' kg j^l 

92(0.000549) u _ 215xl& 4 
235 u 

j-ii. c,5L««i-M 4_,Jjjl iliSJl j J jjJI ui r* j- 1 ^ 1 (> £* -iiw 0 
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(IjjjJl SlyJI) uj^lj 


■ .ol^yiShl *ili Jluj iii Wii). yiljiSl yj jji£ Jiy. Ilia a 

28-3 

oljJJl ijjjU yl j-» jj-LJl 0 j_* (iX>Jj . jyLJI yi jjjSj styjt Jjj,»j IjiSiJ 

Jj'i lit jtj . Cijuiai JuS Jaxij Jjj J** UU# fljiSl *iliUi oW>i 
olj_JI u p^J^S jjLU jif > iUu jl> li> iJU olill> olj oLim> JUaIwI jj 

syjji yi vjbjjii si* ji# uii oUi«*> y oDyj^ yt ou^kji outs y 

^alii ^uij olj * 11 .m -du-u JyS LftjLlil y£»j ^ 

jJbw Lj jk^/L> JjLIc .'J 1 _>M jiai JLw jljJJJ y^J <ji *iii> yi ^Jl 
I j jJjj <_La) jiii l«j oj jl»s 4 l$iy» ji *ij a i filll *i I^ V i >A i 

Jji y-l *3 JJ Ojivij oLhi*J oiyjl Jjj ylj pyj j>\jS) . J** 
. . Jjl J_Siij *JaSJl £ijy j**i olUyi^MlU Lfijj yi yi> ji i Sl^ilL *i**iJl 
yi jJ t \ liiji l^Juy UA yin il^Jl _Jd ^Lai yrfUJ Jy>l jyb US 
' ij’iUJl* “UlSxil j«i>UaJJ jR Siyjl ytj 
#«( 1 . 2 x 10 ’ l 6 m)(A w ) ( 28 - 1 ) 

^jJ| ajjJJ *iill jac yt A Ou> 

. 10 16 m ioijl ,>• y iilfjyjJI oljjJl yiai JLw yl (28 1 ) *JjU]l yi Ji>vUj 
i (fin) jJuyuiJi i-^yJl Jlj-tSl y*Li ^Jt-ai oii jiljJj 
pJU fJi llJ*j fermi jtJ J*Sl j #A>yi ai» oil£ ij . 1 fin = 10 18 m 
: y j' iii ..i ll I jLull yj ^uijl y ; yf^l* yjyJl 

. yAi UiiuJ y*y*i jl 

Jl_> oLiyLu J_lc JVf»vll J . A 1/3 iSjyJI ytujl OU V jfA yj 

' Li>j »iyji |k>> Ujuk> y jj. jiyji J>b Ui olyJi y* A jae 4 u <a>S 
V-1 kR 3 = iff ( 1.2 fm)3(A) = (7.2 x 10^ fl m 4 XA) 

'<iy jfc>>S y^upl ui . 7.2 X 10 4£l m 3 jljill yi y jl . . <U*lll aja Lf l«U Jijlij y'illj 
4 dJjJ *>ouj , Kty A JJ *1 ijjiiil ^oJ! tj*>* *l»Lai y> V ^>>31 jiSJ 4 jj>lj 
: Jlall jAa^yll Jllll jj lSjhu- US l^yi? 3 l>lj *D 1 jS yjSin jilSJl OjjJl yl» 

28-2 ^y Jlla 
. p iwiAjJi iiy *ius 4 _LdL>i 

ai^j *jiS ^i Ui>y *-ijj)i oLijysSiJ')ii *JuS uui y : 
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( JjjjJ! iljj ) jjjid lj u*UJI J-aiil 


>A 5UI ^>%»j 197 u jAj 1 fij JaJLH rjjjj US *iUS jjLj 
V* |aR * l * 3 * *(7.2 x 10" 48 m*XA) 


jli ; 197 u - yJuJl *US‘ A = 197 ji ^u>. 


™ _ (197 u)(l,(3 (ixlU~ 27 kg/u) 
P ~ H' (7.2 xlO - * 5 * * * * * m 3 Xl97) 


■ 2.3 x 10 17 kg/m a 


,jli (197 u) LjjiJl Uaai LyS CjU (A = 197) 3KII jj* j£) J h>% 
LiliSJ! p k~»Jl £>* .yS^Uj (197) jjaJI 

j4_t j^-lj jLUJ jJU ililfJl iillSJl »j* Jk *« JjUJI kfi i>^*i 

sj_i J_l» i_>jj jj ( 4^jjyujJI ^*X>v)l ) pj-J*jJl jAAj jtU ^ l»J]j t jiji\ 
^yi <LuJy> olj-iiJl jj*—<jj i ^ilj jii . uiiJl xliliiJ 1 

■ |V>jJl ‘jSjt jj* UbLfJl JiOjJl 


4 jj^jJ! iujJI 43 It 28-4 

jj jLS jii «il)j jltj t yjuwJl L jJkAj £» jilix! ifjLilll oLl^jJi ^1 bvu> ,e!aj 
, jjfiii l^-U> J[ iljill Jib oljjjjjJI J# ^y)l Ji*i 

£>i 0-* jUJUl wjujJI j_i j^5 jx-aj ji-»i obyJl ji; ielilUll wjjL^Ul jy y i 

l j !»»■'» obyJI jjj mil Sy JUa J pj! #i* jiljill JjU5 

-“ L. lji_i£ ^Jll <Ljjj}J 1 iwjJt 0j5 jA »j*j . oiyjl dLUw ji> l« yjUli 
. ijjjiJI Sjill ji ijill UjLw 

*i L*ji jj JJLSili jjJj LijiJ 1 *> JS > lyyl' »yJ* 

wjjL-^oJI oJ* jJj v Jjox* Uix iUj j* 'ixj 1 j-*Sa]> 

5 x lO- 11 * * * * uU> J-s UoIp jLaI! Jj J-ajJ J«Lui ijill »i* J 

^ aLJI LiJi ijj Ui , IrfjjJI jti uUui j>J J| J-#j ol»L« aLc o^j 

ji jiUuJl jy LjjjJl ftjJUl 1 jbi*< ^ li* 

OiivjjJl Cw Sjill jU • W ijyij Ui>i lib . 1 m U*Ja^ b“rj/ 

V»y)l ijjill ui • uJL^^l oyJji on ;• Cej/joi ^ jji If-iJ 

ju£ L»^5jj Luk L*^ ILL jL»j oLyj5iJ)'l jJfi i i5^U»^l jk L#J j^S V 

iljilljib oUjjlSJ! jyih JJ jjjij o^Jl Ja \^u j5ll oIjiAJjl 1>JU* 

jaaJI i> oa^LuJl objill |> 5ilkl vla>^ U jj jkb j^(l Ikj 

I^Juj oLjjlll aj-» JtfU: oLL jLlPl Lwi*i ^S)y <^y ji U* £»1>J Uik 

L6_j*jk*U LJ£Jl LSlkJI jy£i (uk>j 1 i^wull 4-iiu ^ DifLii ujSi Uxf 

(jLi v yjuvJl U--»A> j_« oLjjlll Xujdl Li Ijji Ifj jjSJl J3S olili ^*X4 
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jJi oLij^iJI Li! i fjljS li^i v#-f i> 

iM ^ ‘ ^ fin ^ oLU o> liii»iji 6. yUJ ^ t !» 

j-* 1 " “Li ^ 1 Ly ^ 1 ^ 1 t r-L>)!l J Li- oUj_p_jLlj oUjijjJl 

. iljJ jyS) jJ> oUjyj^lj oljyj^Jl VjttE dJjJ <*£_} i j*UJ J* 
UU. y-iL iljJil J-Wj \ityijt j£> Oj^V J*j Orj^ 0^ 51 ^ 

J^Jl cM^j . ( t 3jlL* ijb| oli» jjS um L ) -Eo 
Utf oLSlt) iljJJl o, iifck* oliU * y^lj 6^1 oliU, JSA 28-2 


:28 2 JS-i 

J—*> u Owo o w i-j ^ 

j L_jL>*i!l *i) j. ijii— »l ji 

. /£„« 8 MeV. A# = 50 MeV jjSi 



:2K-:i JiL 


J jl—^ ji»j iJU. ji i*> JS1 Jilia 

. j -* 1 '* ^ 



. sijiii 0 Ja jn bjiiii oL.^1) ojSJi jiS an p*. > j! ijiui iijji at 
Lit) lisij . 28-3 Jiill ji i*. j» Li yl jjy u# > E, Lji Jfcii 

^LjJI iijj cjji ij olj»j ^ jjaJ *J ^J 1 LjJI oDjyiJt ijj 

LJ . ^ dll 0. j|St oBIL, lljJI JWi Vji 








( SjjjJl tlyJ!) jjjiuJIj JmJI 


jua\ ^j£ j) (Z = 26) <kk>Jl j-pIo«D j*l**JI J! J*a3 So u* 

JjLiJl (ji ji . J-M>] y Jilj <>rf jJ-Sl fjJ jjJl JjiD U-JL >lllj !> 

. j^yJi jic ijiy* ^ ji* <ji y**4 j5 28-3 
i UtfJI j olj<AL «yi j ol^l Jsujy 4 O^wJ liJ» *ii 
Jj£ fy-*** ^ 5-Jj^ olj jjSuu* iiwill ilyll y £yj yl W* yli 

ilj^U j-USJl Jtfiitlf lj* iliSJl J ,3/1 Jyn) l+JW* O^- 11 

; iujjl Jfi 4iliS y£»y 


Am = Zm p + Nrrin - M„ U c 

LtLi>Jl UiiJI j+j M nuc L*l 4 o-tj> oyiy. l»* flu j tnp 

yUlix^Ji iJlIwJsu ij» >iiJI J J* will j*Z). <L£iloiyD 

: Sljill 


iysjl^yi iilL = Amc 2 


y*uJI liu» £-» ji= Jjify V oliUjj Util JSSII J j* 

a_l£ j_ru L*j jiSl li* i»JUl <w-Jl <^ix) Os-f jU 

. jyJl (> iiliall J*ly jjk Jjli3 

28-3 j>&>y 

U U 4juaJ Iw U flL to' j*yCJ iuj^UI UlUl jl-li* L. 

Ui5l> jij . AE - Attic 2 ji&il iiUJ)- *1^1 iijU* jfki- J&** 

A/n = lu = 1.6606 xlO^k* ji* 
AE = 1.492 x l(r 10 J = 931.5 MeV 

LfijLij iiltJ ijjli* oj->Ij Ojj JjA i«i>j jl : AkoJ! »i* £ij 6*J 

■ . 931.5 MeV 


28-1 J& 

jjL; ^aj 2 jJj J>J1I £m ! He k)^ 1 ^ *-** ** d ^ 
. lay 43ltk-y4j . -ClyJ ^lSJl^l «lt w*->‘ 4.002604 U 


1 


i jSIaIi jVjiui 

V kjl lilt (> j-a>i j-J* ^ U . J'}- 
i j iULsiw i« j/J 1 J* : 

(c 2 ) t> Ji ^ ij* jisfli y-aii >i>j • 5l y c.y^ *« vy ^ 
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( ArfjjJI SljjJl) J-aiJI 

LlilSa u Lftjljb diS JS jli . Jab juw US . jl . <uliill iujJl ULo JjLu 
. 931.5 MeVUjljL oW 
? iUJJI ^ISII 4ft)l J> U ; Jlj- 

*-JjS J n< n JSJj 1.007276 U Ltjluii *JoS Jaaiii jyjy JSJ ! 4jl^ll 

y <U 1 , uji UjIp ^jSl 0 I 4 U <J£JI &SJI 6 jfl (J 6 *j; 1.008666u Ujli* 
mm = 2(1.008665 u) + 2(1.007276 u) = 4.031882 u 

? ojj^saJl j He cly aJuS L : JIJij 
JL*»J UuSaij i cliS LfJt» ilUl o_jjJl <JuSJ' LflJ ; 4 jI>VI 

olij^lSJ’jll Joj J liU, Jiw ^lllj oiy (jt o!i>j jlitiil ^laJI Jjilill 

j* 4 He <i)yA\ <l*Sll 0[ ' iiisLUJIj JxM 
4.002604 u 2(0.000549 u) = 4.001506 u 

: J i5 l 

Am = 4.031882 u - 4.001506 u = 0.030376 u 

olb u! 

LJI oU» = (0.030376 u) (931.5 McV/u) = 28.29 McV 

yi JC»J 4 jlfr <4~i)U} 

<iy JSJ J^JI Oil, kajlt = 28 ' 29 4 McV = 7.073 McV 

. 28-3 JSLsJU sjjiyi 44 jii)L o^jull si» Ojlii SLic 
‘ jtJ-i l*. 13.6 eV 6 *^jjojj J u}j&) { J*o oll> ^ 

? 5jA (^jlj jjfi jiyj ^Jyj l 4^jjJI J&JI olo>^ 

jji Ij^Jj 4 Ifwl^ V cu>j yUsJI aJjaJI ojdj. 1.46 x 10" 6 : <bL>Vl 

. 4j>Ua)lj <UjSJI jy jpSJli JLuj oU^Iaj rail yi jSa> "i ‘LuLuji!! OiUliill 


^U&yiU&JI 28-5 

A^*> Lyyll yjL»Jl ijJ : jai-allxU l-ulj US oUjjJI jiyuj 
Jiil IjX^ yiu CulS lijj . oljjijjJl OjlliiJI fjljS l)i) oLjiJl 

»jJU jiytl-j Lc^oJI jli I jjaJ oUjjjjJl (> fjSJI i> 

jLt Sjjli ofi M • j 

, L»5 oIpJI jljiiwl Lf/li i> Uwi SJU*j . bjiLu 

jjjl oLjji^aJJIj oLl^^Jl kiiLe^xj j—» Jab jj* Alii* . li>1l 
. 28-4 JSuDl 
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: 28-4 jiw 

ji' Uj <LL JS Jlu 

O 'y Jl**J JiiJl U' i s-u>iib 

JLijjjj^Il j* jLu« JUfr <1 jii' jjill 
• J 


( ^jjJI oljiJI ) uj^igJlj jitiJI 

oLjyJjyj ,jlt i Jy*i jLS lij *llj lyi—a jxjSJI Jj-lJl jj-Su jJj 
j_» Jjij—o oLjjjjiill ^Li jl ^1 . 28-4 JJLiJl j-i jwlj ^ US oliyj^JI 
i5jjU j^jUdJI je-SbJI l h»J> (U <>j 4 iu>y' « Jui»J » J>i 

'i'l k LiUi ji ' i ..!« 28-4 JiiJl ji *JJ jL&ll jyJl pJau jl ji pi^JI ^jS 
U u iy oyj^a jifi jjSiw 83 jt- Z Ifcij ^iJI JyJl <ilii jl 
<UU» oli ill* v>o L ji»b jmj j< Liilili ^Uj ji jiLjII j*£ jyjl ^3>~ .i . i 
qLj-^ > jjj> yj_J> j_f ojuljll olLJI ji !jj> . jjSI jijjLwIj Jii 
JuwjSI jJj ^LuiVI J>LiuJI If-jJ* jJJ*j oUc <LUi ukLiij^ fL^il* 

•LiliajI ( jj*£ jydl oLuua_u ^j3 ) j>L\wV jjLijJl Ji'j'lll jji>UI 
JJJ>j fl y\ Jy>2 olrfJJ O-dsbiil o'i'LaoJl ^IjLkjuiU IjilkiJj t * t»blI 

Li I \ Loj^-S iJjUillj UUl o'j« 4 4jl>jII Ll>jJI o'i ollaJI ji 
IjJillji IjJj oLobiJi')li JmJ>; j_c j,»j>U jji»UJi jlS jii Ji Ij* Uj 
O jJiLii! ooj£')ll cij^l j*j ) if) Ll»j (/J) tui^ (of) liJl ouri I 44 I* 

ft oUj_ 4> jlj 4 He j 5 ji oc olu«*> jl l^ll> Jjaj \jj>a jij ( C i b i o 
jJty J)J> oli Uiij^S ol>y ^ y Luii ui 4 oL^l 
( ji) jaii 



(ZjStpjkuU^Uai 
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( AjjjJI ) jjjioJIj jibJI J^aill 


1 


jV_ k ^VI »Uii &kuli bUiS fiiMM 
i*j5Ui y^i »>iu jjji J yftU*iy> 
« » J__ia -UiLkl AiiL. Jjiuli! 

>-» »'i'i »■■«!) j jO_j Ajyll 

-i-aiii yC j j 3 ***Pu 

Ajjl jdl bulaJl jJLkJl 3llyj 4iw 89 *J 

>-.160Wg^^i-u(RTG) 

j—. 30 V »jlA* J*ajj »jJW 

■ '1 J* . iikjll (■ h it >ai-ul jliS 
j* ‘ojUl i jlk5 ji jiliiJVI j la jjJlj 
a —33 j<i -i H- jJL>a 114 l 2 >*Jl 
f fUali Auiu ikj J 


yjjfiJ AjuIj oljUa* ji iijiA* Ifiij 1 i*)b *ll» J oLjil! j! ^UIaII i aim 
aj21_ill Ofi iljill bi jii-.il tiyjl o* yjjfJ 1 j Ijfl t**" ^ 1 ty*ll j* 

J>j . iiUb jl / j tw-> cjiiU lj| ljljil-1 jisi Tytuj IfiiilJ? ,>i> *Ju~<5 
; iljjJl j* yj^+JI Jjl*j b*~»» ;♦«" li&y . JljAp ^kL/I Jfi JJi Jaaj 
c/li Lfj3 oljJJI jy£i c iylj* cJwJ j-»t . Syli Ji* c/Sjl*JI jj i*iaJI "ibb 
, ^pLuil JibOb c*»li ji iljill jl Jj*i a yjjfJb ^-*1) £*-« J>b .-uSj 
iljj J_SJ ji jii—il yj Jj-ill J>b J-uJJ ijti-Jl il»Ul 41* Jbj 
j JUl»Hl ji i-»jill ji ^ Jill j^l bij A/ i-bj 0 yi JJ>bji Ji-j 

CuiuJl OjLJ A Jp jiisi- iiu> a Mf j* 1 Af A-bj 4ji> J J > jix b ilji ji 

Ijlj , ( ^^jll JjUl jjj* jjjll Ij-A ji< JaJL>Jl plP y*J ) ajjb jl 
5 yj jj jjJl jx*)( jLi I j—» j_» o!J N 3jU j-« ibi lb J jli 

; a.iAj ^1 pj ^a ili'i .iia A ’/At jp A t Ujliw *ii»\ 
A N = - N\ht (28-2) 

jJf jlLwj jpi'Ju J N ji aiw> 1 *JL A N Jail jl Jj <JbJI *jbi^l jiAJj 

1 b+')\ 3i>j J .*,1*5 Jl }I JJP J>} a iyJl A NIN jljiH 

. 28-12 |»~i!l j iaj lui AJjliuy i-iyj 
(28 2) LIjUII ^liiOu-b pjil-j . t - 0 <L*lil ib bull 3J No M O' v 4 
£4 (AT) Jill liljljl IIP Jib <&$ jbj 

jJi\ JiUiyVl ^ ^Lu*ii! > ^JJI ll> jk jJLj . 28-5 J-iill 

JUI juaiJI J J*A1I ljj» <JlU* 
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:iiK-S Jii 

. 4wi uUl jwajul 


( irfjjJI SiyJI ) jjykJlj J^l 

: JbJl iu-Jl JjjJl uu«yi (-Ltsjil {£*J j 

A—tjjjj olyj ^-3 I.l.^ljl jljjty iSl J^l VI <T*llLj » tfj ^jlll a jLlI CuS jni >i~ 

. will Ji*J uu^JI j*f L^jj J 5 \ i^jLioj iJUu 



j A l W i j J-J-u* ^ai JS ji *ii J»>}U . Tlfl i_j- ni H 28-5 J£l!l ^eyj 
jli JLisjJl jl»*i ii* n JJ£ *U*jt JAf 4ji Ij* jM4J i UUkull J| Jjill JJtfi 

■ ( 2 )fl N o P fa LlV jiJl J>it 

238 ^ j-yljuJJ >J .«->’>)! j-m 3 t kyi Ij^lu 4 aJJI jljil Ji UUuJI jUpl j^l^jC 
jLi L*l <u~< 1600 JJ 226 ^yjtjJI All* J«oj Ulu i *j~< jjX 4.47 JJ J««u 
Jj 4 J . j ■'■11 jt£ J_ojJ . <J^lXbAl JJbf pyjljJi •uJ] y-tU |_Sjjl j-iJJaJI jkj jjjlJI 
uuxJl jjji "i l^tw> wiu ^yJl Ouiil jljil J» _vulll jl US . yu*i 3.8 
Lilt J>o-aj j *LuJf oo» JSi ji ^iyi , AulUl ,> -*i JJ "llj 

. jylj jniJ 

1 JyJl j» y-i jj*) ^SIa*! JjJL u uv Jl j*£ O 1 jl j^S*j Ufcrfl 
ilyj jj*~ -~ ±J» . I j nfti lily ■UJ J>i«,A* i^jJl OiyL Lull) AUJj J>y 'll JlU jjj 

jyuL«J 'i Uki ibUkA^HU i 5ly JJ Jj*H) iiw JjjU - )& - OjJu* ^yjlj 
O 4 S ) LuLo*J ■* " 4 >iJ A)l» Ol ^jif k Ji>l» <pLi tfy* (Jj>l 3ly 

uLa! pyii ( tiyJl 6-4 oUyl^y jy oUy^ J* Jy>J U ^ LyU 

, <i_> 1600 LlcIaJiJ J^l >»iA*^L yyjljJl 
^ «uL)l Ti/j A : J’Aavj^'lll Jja. J^?y u^l ^ ->*1 

i JjLSillj yL»> JJ Ul»J IjJj , j >L ji jSio 0^*^* jUULyy i)l 

: ji olw] LJin'i 

XTv 2 = 0.693 = In 2 (28-3) 

. aJjIaII sla JLulw'i Lyi ^U>J 3jyS 
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(4jjill olyJI) jjjjjJlj ^lil! J^iJI 


28-4 Jllo 

jj k_iJa)l J-I pjiu-u Lf 5iJ AyyJl O^Uliil ji julu yjij ytj 131 Jyjl <LcLwi p£ 
Ai iiy> 1 lf^ jSjjJ aJIjjJI djaJI y>j Ovjy t J>b <JjLu j*> L| 

jJ-JouJl I if—I JlcuJI j*£j . AJijjJI SOftJIMiw Jjbj jjjO r-'lju jjjl £buijU (jJuai 

ilij 131 1 j_i 20 mg Lftjl.iL <_v_i_LL xi olL-* .<11 j>l jl lj pLi 8 y 
V ( Ljj ) (48) oil OJA Jbiy jLflSl 131 I jJaiJI jo yxu loy 48 OjJ Ifj/jjj 

pi jo ( pljji 8 Oji US’ OUauJl Jl J^Jl : j4»L JVjuLil 

: Jtill 

48 40 32 24 16 8 0 ( f y) otyl 

0.313 0.625 1.25 2.5 5 10 20 (mg)jj*ll 

■ , 0.313 mg jy- cjUVl 20 mg jo ^ Uy 48 tliiil ±*j Li ji 


28-2 JU» 

Lj L_-i 5.25 jjLJI IlfJ ui.o'Jl j*p jlS Ijli t Lid Rn Co jo 1 g £-ij 
* Ai- 21 OjJ y^jio i*4 (y) ) AjjuJI jjj ( • ) <L*)I AA^ j* 

i (jrthu JVJul/I 

V LUUil iljlju j* L : Jl)- 
tyjtjll Sjtil jljL ^ft L* N } . AW/Ai - -XN (28-2) AJjLII jo UJ Aol>)ll 
ji-iJj . ojUI J^Lxt-il ojU A ( 4-jlfUJI oL> If,;) pi; jiJl <k»JJi jic 
jnlliij JV i ®C() jJjuJl ^ jj Jifi jl JJ UUI Ojli^l 

? uu j jJl j*Aj J)(>4*j , )ll c^U j# kjji jjJl ii!)Ul jft L ; JI)j 
j* jj-L Lt ojLcj , A = 0,693 Tm ji xjJ i 28-3 UjLII Jl ^>jJL : AjWII 
^IjSJLf 7’l/2 jr Uj t <i(Dl ji o‘)I^Ua-> , )I| JJuy iicDl 

V N jjlbJLI Auljiu'ill (Ujill lij/u JlSJI L/jlL .JuS : JlLi 
ojUI j_i LLS t ojL Li jj( Na jjjl^yl jjp ) 1 mol ji jSjJ JLJ ; iA>VI 
AyLa HI Co jjj-JauU i^jJl Jj 53I jLitl >lliSAi«, A^jJl lf»tS Gjja ^jL; () 
jjSL-- “Co 1 g jli lifJj 3 j)uu pljjl ajAJ JJ ; 60 jaj A JiSII jja) 

. Sly (l/60)Mt *j 

? ii- 21 jjjo aw jLill “Co jy jj£ jj*w» Jill L i (v) U-J4 : J 1 )- 
ilw 21 jlc N jLu LlljJj i ci-U jL^i 4 JlL AU 21 jl Ji>*)l 4 jI^)II 
aJUSi oJOI j« (^-)^ = — j* 
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( Oljill 


) ujjLdlj J*i)l 


3 \y,N= <^(6.023 X 1(P) = 1.00 X1022 0 is i,|J| j iiiLLJij JjJ' 
. ( 5.25 yr = 1.66 x 10* s ) ^» aJUUII jjb) 



= 4.19 x 10 13 decay/a 


Jp li» Ji, . Uy (^Kl.00 X10 22 ) = 6 25 X 1 0 20 *1- 21 a* Ji£> <il tfi 
2.62 x 10*2 j| i 4 jLoSi <uLeUil j_» -j-jj- ILLku uj 21 jla^ Xj^aII 
s'jj+i ^L£ Lliw ( iwi-iaJi yi J ) JlxL^ll viwll (ji , iulUl J 

, N jljii ji JLI yJu “Co Jlx*ii'!l 


^Vuw^l 28—6 


Li'j ^ut jj ll* Lj^ i 28-5 JiUl ^ J;iyi JIxa^Ii ^ixi, 
iJlmmJI j_a£ lji>J J-£ uLfljJl jljiw j l i t > 11 tclijjl ylj l j*UI pDI j 
: JUI *xil< Ji L*l, jjj-» j ^ixiil Ji«3 u^o • jft' J **** 11 J* *^ 1 
N = N 0 e u (28-4) 

oacUi jfj e Li . <x-»Vl <UIjJ1 jj> e"* AJIjJIj * J1xa-»1Ii cwU A. £u» 
, 2.7183 lijLjj jAxuJl p^jUjlll 

JLmiDI M pJiuu ji . Lill> Ia> ji 28-4 ibUil jLi-lj 

jLk L +-> L-.l> LlT d^jJ jJJ fJ lij Li i UUl «V-* ( ) jj If* 

, ^Ijll flsJM J u-Vl <> *JWI d&*j iv&y 


28-5 ^xL^iJli* 

oL±J jJ L_i^l DjJJI J jJumj i 4.5 x 10 s yr y> 238 L-L 1 y* 
JS tfiJI j—>5 y-» L . 4.0 x 10® yr iii ( 4 jL> ytfjll^ jL ) 

? Jj Jlxiu.il jjJ Jj) o *jSl Jlc ljy>y 


: (28-4) AJjIaIL JlxiLli'l jyllj jJaL jikL J'iliLl 

A-QM = 9 . 69 . 3 — = j 54 x ip 1 ft yr 1 

Tjy 2 4.5x10® yr 


: J Ifuj 

JL = g* 3 ' - e *(l.M x 10 1# jfr' l X4*10®yr) 

^0 

= e' n «'« ■ 0.54 

■ . 238 (yil'jjjJl J* i5Ub 54 Ul» *11 uJj J**) 
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1 


V 

( OjjJI ol^jjl) jjjjjJlj jrfill 

28-3 JU- 

v 

ouU L*a L». 12.0 h j)jm. uu <*i» ijli j» <1^ j» (90%) HiU'd .j* 

\ ojLLl ai^J «'■'! jtfj 

i iJaixiA JxJuwt 

(■ 90% A*»JI si» jj** y* U : 

ijU«y . No J-oS’l j^aJI J! iiyH t> yjul' jj*J' Cm <*-**)! j* ' 4fl*^ 

. t = 12 h lijop NINoUjij* 

UjNINoCM ii^UJl j* L : Jlj- 
. Nt No-e u : (28-4)^1*11 L^J . M*? 1 
? j/fl j» •>**>* jIA jl*i! J<$ : J , j- 
; j(j il)jjj , logd a* = x : oUfyUjU AJUl i*l»ll <u«L*Jl j£jj lll*J 
In (JV/ No) = In c H - - A/ 

A k^- 

: jl X>0 <ju»l>JI il^'l ! AjliLUJlj Jx'l 

In f#U In 0.90 = -0.105 

l No) 

J_xll fXHl L.JJ* LJLr L*JIj jj_Sj j-i jS jAuU' 

o» X j(^ej UiSdLj I z% . *+>y A lui J*^J ^jill ,J* SjLi)ll «j* ji A**- 
-A (12 h) = -0.105 A = 8.75 x 10 Vh = 2.43 x 10 ^/h 

y» duJI jtfi •,£>) 


T\n = 


0-693 . 

8.75xlO" 3 /h 


79.2 h 


f 40 s ^3 20% jlS I3J JLdl j *£j cwli 1»* Ij : itf/w 

124 s » 0 00558 b- 1 : U*)ll 


J ^^UA)fl^l^^lw-ol3^l 28-7 

jj>, ^LcilLL-iu ji 83 (> j#5l Jjill liAM- ^ US- tfjUl JS 
j-i jjLJl ja>i) 28-6 JilJI ji J! JlIjSl UJ 

^L>j)l £* AllS jSj* Jib <lj* ly-jj Jl , j*US|J»liJ oli jly 

d I -*. y Xj‘j> 1 ^ 1c <1^*11 Cy> < *A*jJJl oUl*d^l <Ju jil3 Lf*j l^*ldi ^|i 

&>£ IfSU < j-etlii* JLn aHm j L, -^J 
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( AjjjJI iljjJt) yilSIl J-AflJI 





28 6 JS-i 


1 « * * i-uc (> lixiwll 

. y-*bUL. IbJ jj ttti OA>» J 


Jcli. *2 0* jJUl JjJill J**j 

^Ljbi) _ )i_* f—J jjftjj 

Jj-iJ U-fr g3-J 
j_4 A_xU i_4ill 

JJ-ii 1 +jC £jJlj l »U yl) jlklMl 

. #Ul yi »>«3 A6JUI j. 


^1 pi >l»~^l |> -“’■" ■■ y! £ibuuj| Ji-iJu J»wjW i» 1*5 ( ol^l Jj 
i UxJI L»h>! jlj i LfJ ixO H oL5jll (}• 5*^1 W Jp*" 
; »l*Jl o_>kci olcUi^l jli JJ j* llj5j L5» . iixiJI <JLi tillill 1*1 
. J-oSt ^ ijj>j j5i J IflS IjbJ t l*l> iuiij (jJ) L«j uiij (a) liJi S*ii 


Ul> ^Lil 

J| Jyu ^5Jj 4 albJI £i*> j* Sjlli-a i)l> ^ Lf-ii 'iljiil i>>i £)i liU>i <±axi 
culj iljJI o< h *Jlc alb oli LI* ui! ^ l*jli <**/*! 4ll»)l 
iLfc cilLi tfjJI Lt* id bf}i $ £1 55U> oil i)l» J1 £2 alb oli ill* 0 * 

jjjjJ j*5*w 4 eiyJI 



LJl> l>0ul jjj&y L*-** 6 ^ »jj byf *hh w*j 

(3_» J* y-LSl kiu> <> y*5| id otyy Ji» Ll» cMff) . J>j\ alb 

irfJjjSSM o^liD'ill y_i ji&i olilb oli Ly*)l o'llL^I it-» 6* 

L*wS Li> Jl JljbSl j-t j-a &i 4 —fry Jljbi olj If** ulbudl oUyyJlj jjjjj 
JL> i_ji ^j , OjjJl olj-iiil jw L«i* oLj_jji53’)ll o^lisJI l^Jlill y*5j 

JJLm off jlc jlbi Uix iiyjl *ilb3 jiJl &ffl\ jl* jlk[ 1*1^- fkl ^^Jxtflj 

. Jji JliJjl &*> Ulbi* otf Ijl y*5[ jUi 
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(JbjjJI iljill) jjjiuJIj iilSH JrfiJI 



_I_I_I_ L_^-J 

n ft ? 04 0 6 08 I ft 1.2 

(MeV)QIUl 


:28-7 

0* ^J*#*l* ft fill Jjjjl 


[jjj >") 1 ^ i..i^i o\jlu\ 

oLLuJlj , oljjjlili - iLLuj. j* (ft) llu oLu> vill ^yjl j* j£}\ jlLu 

l i-> j*J lx> ojlLu ft J kiAvil jjp ol$Jl J>Ij yll 

by)j> J! b)yy LjJaJ ji Ju^l 'UlmJl jl* illijJj . oLjjS£)| 

<^l*$l $£" L&*J uy)^ #l$Jl • Ujj^b 

: Jlsltf U^jiiiy *>liu 

U Z* Y * 1* + 0 V 

i siyJi Z *Y J2*t i ( jj$£M) ^ y** J! -i e yjt ^ 

iljJI j. JJ3 av j^st w-> yj * y.yy o lr ^ 

L»jj£ ji-oj dLJjJj k oLo'llI Slj-ill jj! (ii)l j* y£\ yLej oyjy ^ 

J-Wj y LS J-fe oUyJI JJ* jH Ay US JM W\ jjp Li * Z+1 jjjJI 

, fjlii ilLoJ Ijiai \jLa ju ju-i llu p j .i >J <IlSJl JJP jl L$ l oljjJI 

LilL «_Ll> ooS’l J-Uw klip- i LI* <*li oL^jl i)l> y LI liy* 

olillw fJjujj ft olw—k> jl* k iiyil ttUJl 0^1* j£ oLLIl jlji JjL; DJJlXi 

Llu pi j> 4_jIL uLL 28—7 JlLllI r^>y) ■ olliJi p^* jo o^ty iiJo y LuUu 
j! j-ituil j^i ft pj—»> ilfll OJ s f*»y L y Ija o’ ,$* • 
skill y)l> ULLJi jj_j _ ojLIu^U JjI* - filDl j* Ijljio f*« Ja»j 
I pS jl y ft ppk> oL#JI J^> J^^l $'1*11 >j . iuIpJlj 
, Skill jl^jjl tiijjw <i»^l sLkj'iJI y jjLi»j LjLu cu».J jlkul jj$S)"il 
L yi viwuly i kJLuji.> jp l$U L^m* jl yIjfil pli Jii k l<XfJ Ij-j-l* >i*J j^lj 
tIj jjj iy«9 <iu*wj i^Lj * oyLi iiii j^i: ji ■> > > l i li* ^Ipj t iiu ^ 
Ha yiLu ^luu JJj JJ Ju»$Jl pj jij. yiyyy ^ 

, j^yjl jyiJl oliii u> -i. oVu y J1UU p 4 -k*JI 

Uli C)Uy»> kjLojl 

jU yy> ) pjjL ikuu ^Aj . (ft) Uli oLu** ^lil (j$Jl i> 

^Ui! iijo jp J^Uw'ilj . J He $ A 2 n y^JL L^-LlJ ji^j ( iftjjyy) 

• y « ^U^*> 

2 “Rq >“ 2 Rn +jHe + y 

py-<jl$l) fJLs'il 5I>JJI ^ . 1600 yr y J^bki'lll IlfJ ijuwJl jpj 

. iijjyi ilyJI ( JaIaJI jyljll jl*) iulpll 5I$II J* jUa^j i (ilUJl oja 


<1 jl5 lij i GisS ji . iLlu ljJL«s yjiyU jyi- il«S lj! 1^ Jy Jj-* JLi» * 

. yjj !au IM j* jJ j$i- « ft* 







( OjjJI SljiJI) jjjiiJIj jjtiJI J^sill 


0*)IUJl 5 jjb ; UL> ^Lvl klibuiL OjU UJi J)Ua«ol j_jSu 
^Lui oiJJjl lj] DWl J| mi 1*^3 J«<#3 ; 5jlSi-4 iil> ji So^yi 5ly)l 
ijJjJI jljJ'j olL'l oL^Lu Jv> ol»jLu ojj> Ll> <a^' T\,ujj . Ll> 


28-6 j>i jjl Jtii 

* _ilk 1 ! j_>^i n kifLuul \t\ ,Jyj iLlJj 218 J| 222 jjjljJl J- X a. jy 

I 222 Rn - 222.01753 « y LjjJl J^U ij$ll pity . a p-*) l^l 
. *He = 4.00263 u k 2 ^Po = 218.00893 u 


u J*Wl Ija ^ iiiiJl jiul! : ^ikjj JVjluI 
ttfll jM\- 0.00597u = 222.01753-(218.00893 + 4.00263) 

^ iilUl ay I 6 U t 931.5 McV Ujlji* oli ^ 1 u jl «Vj 
oUJI = (931.5 McV/u) (0.00597 u) = 5.56 MeV 

. 5.49 McV J* 4) OuJI .yjl 43 Us) I jl klu> I ISUaJl »A* ^ju (i pa-<> JaAuj 
■ ol jJl jljJjl olio Jj ; ojjull 4jSdl iSltJlj 4*ul'l «j* jjj u^Uilll Jyuj 

o^Ulilll 28-8 

r jLaj ^Lll jj LftUfctfj y)l /J j 01 oUj~»> (Jau jfMJ 

Jll 4jjU2» j^-ij jl i/i 4rf^jill O^UUjJI olljLwj 4^jjjll O^UliiD 

(.LajJi jjJly o^UliiJl j) jj i/'ii . L<Lu <jLu£JI 
. ol^Dl JAfij ils^Ul l Jl> fifj*-} , jjljUl 

Jj'i JfiUSJl ^l> J*i jk (A |ui y ) J jy >lil ji j olyill J5 £)**<) 

1 a js d)j J*) . J*WI j* ^1 o^' J* £**^1 v5j^ jl 
2 gRa -* ®Rn + jHe 

t JJj J* oj^Uj . 226 = 222 + 4 i j*jUJl ^ ^Li* A pi jl r-®iyi jjj 

ojUi* jj£ jl ^ 7j ^iS ,om>wi jli . Lpliu j_i A/'i Li^i 4j>-i)i jSj 
. 86 + 2 = 88 jli jAljJl J*U3JI j } . 

1 LfeyAa jjj[5 ji JL#*!! c»lui JUf) oliyfl JJ£ Jb 

j-ky^ jl J-f3 jta4 liyil J3j , 0A4 «lljJl jjjlyJ fj-ix)l O^UUil 1 
(*■! L ) Li> J| )3 J’jUaaI J^tii j|i d)j jjjuj i [i Js*—»i *Liii < 1 ^ 
lijlSll ULkii dUj y L t liul olLU ij'i}, oUaJlj *m£ 

, ol>Ul)ull Jt iky** j^£j jl t 4Jj£i) 

(jySJl Jiii liilill 43UJ1 illj j U) Jpliill Jj <JS 3 I yiUl jjS' 4 ii» jl 
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( ijJJt il till) J-aiJI 




L-/ljJ obli lj> :jJu ; JfLiiJI Jaj CjlSJl iiltJJ OjLa jj£ jij iti 
; 5 lii i 1918 j»U OjjiJl o)UUlJl Jllji j» la>lj Jjjijjj ii/>i LilPj l^jUl 
• JpUjJI xajj j**jj3*iJI 6y J* « jlti Jij 
‘ 7 4 N + 2 He -> Jo + }II 

J . jyjy j%L aJ3i3 jjjJl i U N il y J! J>j a jli t j>i t^L/wj 

. jjUfv-Si oljl jj ai taLi'ill iiljl jl 

jjJil jj JjljJl JjiJtvl J] ^>>j!l ‘ j* 

: JclijJl jjuj J^5 Jplilil jjill JiS yu«>j jSJ t (l) fij 


J*Wl JJU JsSJI 

>yi ji jiSJi 

16.9991 u - 8 m« = 17 0 

14.0031 u - 7 mf = 14 N <b5 

1,0078 u -1 m< = 'H UlS 

4.0026 u - 2 m ( - 4 He iliS 

18.0068 u - 9 m ( = L1£II ilsSJI 

18.0057 u - 9 m e - iiiJl iliSII 


jjJu i JtfLull jj <-i>lill jlj—ll Jii ji jj£' rlljill 4liS j* o* 

" Jl SiljJI j* ; UL JlJ Ul V| itSJi «u jI *4 j£* ^ • 0.0012 u 
JLSil ji L^ij LS * 931.5 MeV UjIjJu lilt ytfi 1.0 u jl ^> } 
UL1> oiks i JpUsJI li> ji Oj+fe ^Ij i a1i£JI ji ojlijll jli ID i 28-3 fjj 
lilt ^UUI a ^-*1 jl,^ 1.1 MeV = (931/1) (0.0012) U ; ijL <*> 
LI d ^JljJ'j . '^lli JflilJl 11* Ja^w j> JiSl jlfi j'jill lj+i *$j> 
J^iiyjl jli t JfLilJI lj_* JJL jj L-flji ilijix* Jk ji UaiJ iji jl£ 
lilt | >.i...,>!i ijj; ji x^i jli' LUjJ <^+uj ‘ j* i&L Jii jJ 

. [j&M J*lisll ofr 1.1 MeV ji /\ 
ji£i jj£ jljJI j*)l lf)li ^Uw)|l iLUl^ ijiliilJl OjjJl 0^14^1 t*,i 
il^J (jj L* jji*J . Jj* ^SJ u* ( jl^l iil ) J*IW* Ij 1 /^! 

t'Ju ! LjJ] Jj*yjl ^I^JI "Sljl JJ_>3 jl AjJxuJ Lilli ; 'll 6 jii-K tuA* 
L3SJ' UiS3l j# jjlilj ^iiyJI UL ji £*!»*•" ^ Z j A ‘li# j^ly 

Jj:lii)l jli . Jf'Juil i*jll lllill ji ,>»1*>0I » 1 <A> lili . i^^l iljiil 
. ^1£II ^jaiuJI <Jj^ olbJl j* jIjJu j%l ^ 3JL**>'w £lib du>^- 

28-4 JUa 

19.99999 u yjjJl 4jl35j * 11 . 9 > 03 ^ Sly iLi) ji v* 

4_^L>S'I tipi ji 3 J jjll 0 JJ 3) 1 SlyJI L (o) V 11 * 3 * L (i) 

JM-^A-i’il ^ liltP ji L^i jtM Ja (-A) V liw JiUarfL 3! 9 UJl Oj! 

? Ojii^l i^L>Sl 9 I 3 UI ji ji V <jiu jill* 
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( i^jJl olyjl), 


t j*U‘.a JV.i"i..t 

V A <1 iliSJl jji p Lj Z - 9 <1 jjJl ya l*Ji ^4 U : Jlp 
. *P LJ ^ llfjj A - 20 Fj^iJI^P <ij : 

? pSl 3lyU A j Z pi ji ffj a J^L*Al ■> JS <l»u jjJl U . Jlj-» 
L|l . olju»j £jU 4 <Udj l 7j *UjJ jAiSy a JlLo-Al ^Oj ■ 
jDijyi jbljiJlj JjJj A o» jtkt Tl j 5j><j #j>j Z oJ *ijj» P J)L*AI 
• ViHp J* ' ?u Ne ) 7 8 N l** 
? jjl>v (ijJI Ijfil yi L ; Jlp 

juy i^-uj L*p jJujI ji pi J^A-j^lt Jj 4JSJI <JjSll oilS Ijl l» p 
. (ji 'll jjlilill cbLxiuo'il jli t J^l>*we'il Jil oilS Gli <lUj 
* f}) a iblx*ii j iSjiiil JsSJi jkU :JI}-» 
olj-^yil i-kp jl ^Lil o* JJlC j* oli^Ji ^1 p j^aJI djSuw 4^)11 
M('* N) = 16.00610 u 3 M ( 4 Hc) = 4.00260 u a JW5U LJL ( obJ£Jl) 
M (*°Ne) = 19.99244 u * M («-) = 0.00055 u /i JWJ ^Jly 
yi JplilJl Jju JiSJl ^jl>» jli (X jH.Vt.A'l Cuj-JL : 3ni^li«l|j Jjjl 
Mux = 4.00260 u + 16.00610 u - 20.00870 u 
jj ct jli JjJj . 20 F jj^UU JjSJI jt 0.00871 u jLiw _pi li*j 

tjljiu lilLli jj ^L>j pll olixu . a ^iljill 

(0.00871X931.5) = 8.11 M«V 
. IfPjAAA jj5Lj-l \lu Jjy JiSJtj l (ij>l <+> I>j 

Mm = 0.00055 u I 19.9244 u = 19.99299 u 
LLi H } ) »F ^bl^! d)jJj ; U*H\ iJsSII > 0.00700 u ^ Jil jljill li»j 
jiLij ^1 iilDl Li . ily 20 Nc j8 J^U^I ( JjL*- 
. (0.00700 u) (931.5 MeV) = 6.52 meV ^ LLJl 

jjaijsJI J^UuJI 28-9 

->}>y 226 jL llilill iLibJL jiuk Ljup il^liil ji jl 
\ Hl- 1600 ji jp jMl yAv- j-sua)' y* 0! • ^ 

t JI^vaAIII jyti JJ Lil»J lijj. ch*—J l ch OiH^ ^ j** 

1L Ij yj>y jlS Jill jjJl Jl I jil >Sy J Cll> V-i ui li^y 

: Op ji uuyo 1L-4 x 10® 

N _ g-o (M//r w _ g <(.683(1" 10® (/ lfiOO r; 10 140,1)110 
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fji^b O*)^ •**} w p *ji jliiiwl j* Ul j/fy . jAjsJI ^jLil« yj 
j-» <ji Ljj^y i-JiU* obL*>y Li IjJj . JLo^l yi Juy 

J! <!>• u* j& ydt\ JLj jlrfi Ly *Li , ]ill i»L2uJl jjUi 

i>JI lj* ■>**> <A£ J J& Lj, jiji\ ^ 
g'y 4^ u*jl * »•>>*>• *J ^Ail iSjillj w>\)\ a! 

yj i ii- 4.47 x 10 9 £1* O-: >* <J - 5L- 238 . ^UU Jyk 

0-> iLli' dJJ Sljill (Ip u! . Ifr-uU jaji I ui JJi OjlL 

J'iUarf'ill plkii luj (Ip Jxt Ju j . *iil (jjill 

SU-.{&*»lh 

a^J ^J|jJ| yt *U jj-Sy ll^Aj I ^jpJl 5lj-J J-* ijJpl olpll s-y> 
: /J oIawL J>A. A j (jjjl t 

•^Th- {•♦Sfc + P 

, jA (JuJpl olyll 

: ^U J| /} d»U#ib Djji JaLj 

2M Pfl _* °„ 4 . 2;W II x <C 
91 * ® "♦ -1* + 92 U + 0 V 
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IsM si si 


(ijjjJI BljjJI) J*" 3 ' 


^l+jJl j-aUl Jj Jj-pjJI J-*» oljJiiJI o» jj^JI *U-Ji »j* >aSj 
Jo-9 Liu 28-fi Jiill £-i w . 206 Pb k y\+)\ j- 1« <JWI oi* J* >»j ‘ j^- 11 
jJu; Jj iJUUi oifj J5U*-i5ll ^ILJ <ji si * 

28-8 JiLiJI & r**i ^ oi*» Jl***' V 1 ^! J- 1 ^ 

i’ll! 4 jl»o J^Lx*«»'lll CfLit£j5l ^yil V*uJl jit ■ Bi 

. ^1 gIjjJI <juJb 

^Jp jPUS)ll LLiJJl JiU«5f <^>l jiw» jU-A- ^U* 

Ji2 ^ ***& • *• uu j l: y 31 UJJ| c ' : * iL1Jl ^ u & 281 

~~ ^jSl olfl jJ lo> Jyt »-i-" /» u5J j-"V W »i» i> ^ 

^ "T^-T CS aUJi j-^ OJ ^' •** ^ J^>-^i J-*- J u*yH) • J! lM 

Pb 4.47x10* 238 u J > /' ****** ^ ^ j 

p b 1 W>\ 2 g.,^ji 

Pb 7.04X10' 1 235-y fM&\ 

Jljj *51 jJl 232 Th 04 L(L»Sl *jjSi\ y Ui ~C* 5 x 10’ ^Jil y* jtf lii 
{ 4x 10°yr *>J J#> U ji» 1>4~m ■»* o°^ J ■>****) • o*)^ J* 

0 i . 1.41 x 10 10 yr y ^Th >WJ JL^Jl j-*t : j&» 

, * = 4.91 x 10-" yr i jy* ATw = 0.693 J 5l| tf/No me* 

^ XI | _ JL - fi -i0l x 101VXSJ K 10» yr) - c _ 0.246 - 0.782 

. jk^Jl Jj liyty oJlj'i 2M Th ,> <5lily 78 Jly> ji ji 
Jj jn i>.'u j£J jtfjSl jLt 232 Th pvfjjDI jjAi «i olyJl o* ' 

2.82 x 10 10 yr : ? ^ll>J! wj 


ojUI p oMclij 28-10 



1_ijj *Ji-,) X <]JfMj J-Sj XAui I i.ll 'll'l 


jU^I U^i ojIjjI U15 v 1 ^y 31 ^ J, j ^ 

j-*iix» Ua^j «iixii jiyi j^j ii/^ 1 j^ 11 '■Am y 3 ' 

LLJjJI ojL*r jp. jIp oljjjg *Jji lS >1 wfeU ^ ^ 1 ‘ i> b 

^ o.Uu ^ <Jli Lyo* yLi lij (H—-Jli 1 *JJ > ^ * 

«jl> & ill) 00^511 ji* s^jli r y/ ij» j*J) lit ' sl r j 1 


0-t -JUL f*-*)! ^ fj >J yb. Jbll vtJ 4W ^J' i* ^ U 5jU r^ 1 

^O. y ijUl j«b jlp jjli fHtJI yji. Is-J* y »jj t* Vi^ r jU y d* ■ i J iJI 

• ‘i> 3 J! (^ iy 1 ' 














4_U^ 4j_«rLl J-Jj£ ij>li J& LJk iilk y lfjj>j ^1 ol^isll 

ji 4 u ukb jH I^L ^jkU j ; a |U-»> jj . AJiixwj c -GilLj k p-*ii 
Ljk ipji <jJiu dj>jj (0.00055 u) Ojjs jjjl jj jiii Ut 

<jj*i ^5aJI j_* jtMj j*J>i IjLj •hi>j jt> 10 Lfljj ii»li jl Lli* . . L* ijb 

O' j*-* j-* + 2e UjIaL cl»J UJi pj— jk) ji JJj JU jj . Jl«]>! tjy 

J«k U* y£\ AjjJjll oUxJI Jfi i^ijljS Jjh yy JJjJ 4 —0 yJj^SJ^It 

jl^i Jih; JjLj Jjb oljjJl j&h; U)l »UU k_rL_<Sll SOfJj , 

l*li f*-* i> ^ U 1 jk . ^Ikll y-b <1 jj^J J*b Im ijl jb 
J Jj jjki JjLi i*U aImj j!5 j(j Lfiilk JS laiiL ji JJ J 
JJ-d yli J -»i SjLk*jj , <L_yIJaj'ill iilkll jJii <J jjjl U)1 |.J .V. ’Jjlii . JiyJ 
I . *-5LtJl Lr *i3 4_1 jjjl Lili ^*> jj_j jiii ■j)J&'i\ 
10 cm . a h-d -J iuJL 1 cm 1 ( j» «Ih_!i ,_j 2 MeV Liilk jJi oLm>JI 

Ufc Ud ilJl jUi Jje Jkj 1 ‘ J- rr s- ^ 'T 

. y.\xtf\ k.i-,) | _,y,-. 1+jjlN jJ 1 ojUI old oalj LbJ jjJb])U awHj 1000 cm jy^yii v*Jl 
jJ*J , LiUSJl A_» LwA> uulbu v5jil ji ji ( j-aii Jjll jb U15 i pxujl 
jj (P - 1.20 kg/m 3 ^l olSS) 10 cm d^Jl ^ UJI p-> j* jjSu J) 
(p = 2700 kg/m 3 ) JjU j*> s_u«o-i 0.005 cm pJ jail ji ja* 
J> ' iJk »aU y>\ 4 jalajl »la>iwl w IjQ bLaJ kviu J^i ai aUj 
. < 0 wJjil oIilkll olj olibb^Jl jj <JIJI fj Ji 
o' > *il»U ij l >J oUj-jw j* LfJ ikvi "i yl> I oLjjJjaillj 

i|_kj ji ^jjjjJl ijlLJ yit , SaUJ lfj|jj>l ilJji l^jk jip J jS+i 1 
jjj-'wjJ 1 aJuJ LijlL 4_li£ 4 J T <>j ji jljjj 5^iU* ^alsusi jl y \ cSj> 
j_k Ifj'i IjL oljjjIjjJl JIL^I Jai^^jJlj tUl Jl» jlj« paiO-J dUjJj 
^^jJI 3o»j j I JjkSJl jj j^l jilill 

"ij L<_l A_kvi ^1 LfjS ( yrfSj <A^lj ) Lll> Afcii JUij JfJl y* y*Jj 
jjyijySJI jjSlj jdtjS 5j*Ui J'iik jt jlJI Jy>j kiifi Ijjik jib l^lj 4 yjSk 
j«5J Axil; ojjtLi dil jj'ij jji J| l,4jl j 

alj Uij , ^UmD *5yUi j jSjj ^>JJI J y>j jl kiuli laJj ^ILdlj 

4 j&i SjUI dlj cbl5 U5j ; Axi'lll ydbix 3 jL J>b li Ojj jj ^L>jy£l')ll JOfi 
. Ul> ouiij ywSJ iixii wjUL>! J* IfJjj ojlj Lb' 

^UiVl^J&JI 28-11 

ji Ualk ALi> 4 «b_Jl iilkll olj ^Ixi^lj oLjUfcxIl olkib ^uu y ^JiiOuJ 
j* A^iljPjjjill oLkOwil cub aij . olii, i>ll ol^Lu JJ» ^k jjin oU*jS : I 
j—t jjLJl ^l-*i , )l j-® o - i. S JI J-jj5L, +t j> L ~iI jJj 4 ^LxtiU oLLilS Jjl 
4 ej>lj 5jj jja. pakJLiJ "J l^jl j) oUkuLtll <_u> jbLj . 1896 ^k ^yuljyil 
. vbji>Sl jjkU 4SU1I i^wL>JI J] yjJu If)l L5 
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28 9 J^ 

• 


(SrfjjJI Spl) oj/UIj O'**" J*UI 

jy— Jjj Hji y» jjliJI 'i'A>y lijJI p**>JI jU* 6y 0* W jp SlU*j 

p* j^isli pub pill jy jM o* *i>i o' j* <9#^ 

oi jLiJI oljij JLiy uki* o*> f*-* jp-' 'jj* t Sl)3 . jM 

jLji jo*i ji»»* Jjk ^ oP* - °piii ^ ol* 4 W op* 

1 j it p iv ._. . <UUa)I iij*JI ^*_u -uLii ^>1 \L^> illUutj . op**)! j4 ;US 

J_Jili ^JU*U jliJl oblii jpjj l oW*" Slij J' ‘ O**- 1 ^ J^ 
oUl«ll 0* jbT "Cj* Ji Kujt m-aJI oljLu r+*)3 JjJ} oO^Vl £>ly 
l^ljJhl^li . iilLJI LJU ■’•l-j-^-ll j> JLlSD Laiu-Jl l*' 

j>jL> jljuC iiyill pilb 0 *) bjd«i oUfra fr H olfcilS glpi y£\ j*J 
i jff H <Jlj jIjuJI Jl J-»b fLui] .JL* op ^ lijip . 28-9 JiiJl tjyu jill 
IjJ Lai . DjJWI jl_*> Jl J*i ^ "illilj *jL*il ^ uS^' j^' J* 

Upil yS l)j_>aj olp U ijj»o U ol* J! 0i>* [+** J>' j 
JLJI op> <5jSji' fclp/il j" f5l*)' JW ' = ** J 

y* ouSiyJ US jUlb J>i oljj 0*!^ oLl^I) oliySl |p £u*j jifll 0* 
LpSl jt-p jUl jUl ^~3y LUjJ . oUxill jLfjl Cfi Lib L. <y*!l< 
jljiil . UjJL Ub^l oL^S'l jt Lii; o' 0^' 0* i5j" jW a* 

JJ Jjjj JJj i jUl J&4) o'* ■ L*U" 

jk U^'JI ofjtJl oU ^iu ^ . j»jlill J 6jJ *-»#5 j^ 1 J! Oei* fi-** 

. JUl J! ol>j ^1 iw^ll oLw-Ul jjJ OLs-: jw ^Jl^. 1 f 1 ^ 

LfJiiyil L* lj| *^-i)l Lj-L j I h i j jill jljll o* oIjIjp 

^_Lc Ly>Jl ^JjUl olj^L jljll Jb 0" 0*J ^ 

oLyyJI |J . j_j-UI ^'pi '^} r“^ > ^ 

oU»ji5klJ •*■■,■'■'* yjUl t-ieLall O^JIiuf4J iiJUl oLu*>Jl 4i*Ul 
100 V j_>0 <I*i» J^* j* oljjjlSJ'jIt si* £jUCj • ( 28-10 JS-JI) '*#y> 

sj_* jpjuj, LjU)ll oli|y£J^I j* Ijjjs Ip JS g* <^i> ois U»i Jl J-xU 
jLfJl p 0pi*J IS Jl 12 0" £)\jk 0«•>«**/* 

0-* UiuuJI ol* j#_wj . . <4^^l -U »P* jlp 

Jlililb jtjisLal Jill jJi\ J )>) 


Ijjya uljj/^l 


t 1 *"! 

:28 10 ^ 
o>_syii JftUoJi W jj*i 
ijA.L^^iSU^lo*^ 

Jl*u J4»JI li* Lijn ■ ja 

• J<Wl 
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( ArfjjJl oljiJI ) 


jJuj oUjj ^jJkwwj i oiiilSiil £ljil 0>i <Lejil <l!i pn <Lej jxw j 

ai-» Jllj J>b oGu*i J U _ji Ul j> fl*- UiiP 

. 9‘US oljj LumU 4 . g i>j . £ij_i ijbfu-il jjj C/ltiiU! 

( ji) oUi-c*Jl jit oLLilill ,> 1*15 Li Ml* 

tSjJI LiOUl fJufr (ji* jltj t <** J*Lwi jjjl oUsJl i5JL* jltj 1 <-Lj 3 Jijit 

. oj tJ—Ji ji*j 

£ U4)!loU>j 28-12 

u*ll J^l o. p*i Jj f ^1 oljiJb# J-WI liU ji /li jSi ^ L*J Ji) 
ju i L..flix.v.llj LuUI joj_>iJl j_p iiili oljibJl JU J* Jj«l J 1"L» J 

jJj . jjjSl jtL |>« UtfU Jj vj-ii 6* f* ‘ 

j_i_15 Ktfi tjj Im OjJ JL»)J i OjiS oij>j jiJl jU* .Jt Ci*Slj3 

Jlj ^jij . iJ*U j* Ql> o,Lj J* (J^ 1 J J* ■ t^ 1 <> 

, *-»lill ol^l j»*i jil/i-b J> Ui; . J! 

jjLdl “UUli 

J .ij^Jl olllilll jjlp j* t U^L LS ,i*i <ul*li jM 

: jsjll oi>j J jj*ll 

(28-5) 

At Djlolt 6*j J JajJj si^* JJfi i» AN vii*> 
(1 Bq) A>lj <_ukli jj)l ji-ilj • (Bq) J^SJI j* JJfiliU SI i»*j) 

'i iwLi j!j ojj» jj fjji 3i>j JU*j . ijiUJl J Jt>lj cJu <i *i jil * 

. liU31 Ci = 3.7 x 10 10 Bq (Ci) JljJ 

^ 4 % jfS\ 3.7 x 10 in Bq (1 Ci) Ujlji. oJLcli J J! j*£ ; flijSl oi* <^i> 
. luiil LuLJl jiLoil ,> j^iS o» i»tASJI <tu> & 
yui iJjUH Jt. Ji , (28-3) j (28-2) j^jUil J] UlL.j 

; i_iuJl j*C« J‘)L>aJi')l slyU <1^14 

LkU]( -M ,^ S M (28-6) 

^ T w 

, 28-8 jArt-iyll JISH ji 6a* iljWl #a* 

Oioi' 

jayjO 5jl» |> JjSJI 3i»j jili OltJl *4$ Jt r^-® 1 jlW 

J yij J/kg |»l j> *LS JSI J^t> y ’fJ SI iiljil o(i>yij . fl*i}l <9> jl— 
L<jj tJwj /n ^Ldj i*j> jl liji. (Gy) j! * U(> 
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( Ajjjil oljjJl) jjj-iuJIj ojLjJI J^m)! 


. <Jo5Jl olfJ fcjfll jjlil ojL> jt iLaJUll j^SJJ . E iilkJl ■> Ijlji* 

Lsuiil (Gy) = — J/kg 
m 

i ^>j>l ixkj Jllkj , , 1 J/kg ^jjLo lilt jiiii 1 Gy jli 1tjLuj 
i j__e Lx>i _vuajJJ _ rad jl^JI 

. 1 rad = 0.01 Gy 

( ) U> J^oj ^jillll AX^>JI 

L*jjj ; •.->***» ^Lui’jll ^J« iSU# jU ^yiuJl |w-*Ji jlc jjb ouu 'i* 
oIjmIjJI citfM jilj JJjJ »—«J>JI j_« <iklll ^J> liui J4MJ 

ijilill Le j_>JI LtfLud')ll it^*0 j>i LLL Uili f lioi}U 

ji-iii ijjli* (>*-=ju JiIjm ji ijjj-i* ipy>JI j») i 

jj> o jji »Ju>y . |»-*«JJl 1 j-lc 200 kpV Lpilli y^l jjj'Ju 
ijjJ l^_) ^Jdl LLH oU^—1> j*» Oj> j_lc “ill* • (Sv) * * 

Ijli , 200 keV L^ili> ^1 ^*5] <*ii ojjj ^ 3j_# 15 j^Sl i .jL Oj**S> 
IjtSi ly*» Lliiii! «*>Jl jli <, LUi oLu-*> i> 1 Gy UjIjju <p>> U,>jJ jlS 
jli ; oliljjpJlj j-jJU 1 ytLfcl , JII Jjlu iic_j . 15 Sv jii ^1 

jjj jijjSi oij_>yi j~t) i Ljyj)i dJjJ v^—^ 1 j* oy& ly** 

. 1 rem = 0.010 Sv du> rem « » oj>j ; JL*l-/)h 5^ JljJ *!l col!? 

28-8 ^>jJv Jilt 

5jxJ»iJl ^lyJl yij 28 yr jij “Sr _^ooJ Ju o JI jap 

^Sr^lgieWvU.i^ai 

28-6 UjMI > 'JyjJ ; jk* JVji-l 



oljUl jjlp j-ftj . A r y->j . 8.8 x 10 8 s «i Tin = 28 yr ilLJI si* 
jit jy*j ( 90 kg ykj ) “Sr & 1 kmol ji Jii Uili ; 1 g j 50 Sr ^ |> 
, JjJj.Sjj 6.02xl02 8 

JV = 0 00 ! . k l (6 02 x 102«) - 6.7 x 102’ 

90 kg 

. 5.8 x 10 12 jjLo <*UliJI jl jt»o ^ill »i> 
l^llll j 0 >lj OLiH 4lt ^UJ jull “Sr jljii L : j ij*j 
, 1.89xlO" 1B kg : U>)fl 


- 1098 - 







( OjjJl ilyJI) jjjiJlj j*^l J*»JI 


jUi,yijl>l 28-13 

JLJjj Lijl—i>S LjjSu! »jUl JJ j jj Lw jU_» jL jj*ail jL»Jj » 

JJx > U jJjXiJI jlr j'J'jl jii ofS jix>JLL/j . oli^v>Jl jtyv jJLr Cjjii 

, ^*Jl jit oliu-u 

<*>.-»AjuJI jjj Jl ; jjgjl ^Ip Ijjlj kj^w plvi^ll fljjl jSSl Qt jj 
olj oJjjjiili . jJj»J< jlj_«—Ij *_*iJ Cjy ,» Jl jjjj Lfji jj . y-*-Jl 

•liL-J! j-lli jliSl J| l*j \^j LfaljLutfl JuhP JlLkII oljijjjV jjjj ‘UUJI OLbl! 
jjj o-iVl |Jm4 j<s-Ujj . o*aSi <JUli iJUJl oju» ^ ji *5f! . j 

jJ *_»i ^|l . L.L.11 j_>Ji oLLl j^ji jU <kJ^ ^uitill » wi> 

. j^UiH oii.1 iJjl Jl IjlwJ I yjj^l ijub JSfc Sjjj-S' oljUl ^ J»>jJ 
(jjiUlill yi Jl LiPji) ci'slj—pliU-J J| Ui)> lift ji w^JI Jj 
!> Jill jJ»> Jli*j . 3>f>i j* JJj^J 4 oyJ 3j ^\ ;l« ^wi jjJl 

5_jU^I 4ju*J j« jj ^j^l ■J*-' Jl jJl jji pl*J'jll J<ljJ jl 

. jLJI $bj+> 

jljJl JJj i *ya <juL> Jj JjJ>\ oLiLvi^l pJ Ji-iu Uj 
JJ ,‘l« ii> jJ >'jjuj Ij-J ^_Uj L-n-lil jl«ll ji <Luai> y mJ Lfj Uj J^xJI 
J_S jjjjG,! L« Djl—Pj . Jj Jjju- 4 <Uilfci'}ll oiiijl j» j n i>. 'u Jji-u 
Lu_i 1 mSv LjjjJ UjIjL <apUwJ <JI> JJ j“J! 
JJ pJl L5U Ifjli -iK ^jJI JJu tfill ^Ui^i j* Uljil objS-Jl Ul 
lj_J ji/Zi jjll ojlj Ijjj . SLJl jlJ*i-I Ifju ^-UUBLI jJik> <>jj 

L^_J jjJl isj*Jl ^i>j Ujjju Ojll t)Jj 4 5.0 Sv jP yL>l' 
oUJJ jJ»> jpOuiJ u 0 j* »i»lJ^j ^ L^jji i 1.0 Sv J| J^j <l*Stj ^xJi 
4_lli ji 0.30 Sv ^jj ^*3 ^aJI oU^>Jl Ui . cu« J* ^Jj 
^_lr oWI oljjjbjl ul-* lj-* J 4 oU^I lj|j , f Jl ji O^ljia-jl 

Jiiu JajljP Cjj J j|j i UU^ jx> t^-AJ 

jl kiJ-Bj lj[ Lii> 3jjJ»> olj c o_y_jLi? cwlS Uf» oiUi^l olc^l u! 
J_»>j ^JJlj ULuvi y DNA oljyj^ ji j* s«LUl jtliil 

jj_c \jjyii lijj . pLjuJJAJ J/i* u*Jj Ji t J->Lu)L ulxui oUjl»ii 

j_1p il>S'l Jj Ji*w 4j»j^]l vLUJI oUjUil jli i ^l")^Jl #J* j* 
iijjSl Jli* j* i> f*J' J 6 } ■ J! Ij» 

j.. '■*■11 L«ilj jJ SJLJI IJLImII o^ijktf’ill j* ciiioJ 1 oLji-Jl ji 
jl ■ ■ >■ ^ i \_u_JI IjfJj . c*«J vji«J' ,J»*< jl "5lj • lijJJI 
»Up 50 u*^^fi j-Uj d 5 jj jj» 'i w>l>u?i j- j-> j-iii V 1 





r 



jJj jlki > - 99 ^Sill 
• ykS J* 4 j* **““ 


(ol^ill) jj^Wlj ^HJI 

^ L^Jli i 4_>u»ta0 Sjj . fljjU ^jJt <*-*11 lil , ‘uLLull 

• l 

j_t jxu! i jJl^l ol >j *i‘ J| <i La'll; _ OjL>j 1 'll oLy— JiuU 
j* ^ijJl ji*j. ^Lm cJj ji jjltjJU oLL)| t 'Jy jiiu jfcliJl 

4Ja*J jj ^ 4*iilll obji-il jli k jjiJt (jlkfJl jjft fJ* 
l/U jjLil JLik*ll ji ^j_3 jjUJI j-kxll . <lL)j J-a; b.Jj.x£ > iJm jic 
■ ■■ •• LyjJl j_Ic ij_Lu j_lJl olj^jull j>3 t yy JikJI jij , £l* £j\j 
«_jJk |j_i *LkSl ^_tuu £ iu> u i -ill lUjJj . <*k>l k_Jljp, LfJ j^J i £U-}ll 
. 4 jjo> 8 jjf g Jli* (jSu |J U JUk}l) y-Sl <*-L £-u l\jlf ) 
4 1.0 Sv/yr SjljJu Ly <_k^>JI j> jw>yu W» Lll kiu>j 
Jiclii'i . lift £>j Jii <jpl*i| oUy>- k_u*il cty** j* yi*J3 ji J>** 1 4il» 
jk j_j-aill ojlJI «*JI jL U±>j>: y j£j li> u+i fulfil oUj»]! j'j *jl> 
i. J_.rr.ii t Luf^ij; j^uJi til)j jj ^jjjjuwj ; 0.050 Sv 

28-14 

l jlkj—Jl ^ t <J'il»k*->l ^»lyj |> jjLJ' fljii-l u'^ >“J 

t y*>JI d)j JUi J)l» j^ki vljJ> jjj , ^L-ll kLiil) a^Lil OjLuLuII Jiljl j» 

J-kL tJuUaJl C*ill jljil j_i JjJaJI ^Ui| k_u-J dJjj j-iUl jjk jlc 

. Oj^Jl oMk*llj O^yil o^Uiill j*>« 

. <4>^)^jSa)l olirfjJaillj <Ja]I jiUaJl pJ8l ^>J “Co cJlyjill jjiAi) 

LpilL J-a: ^Jl LL>. jxaj yij 5.27 yr ojIjJu y+ yWl 

U^UJI Jjil >y LjUjJl jjai UL> pIa-Jj . lijji; 1.2 McV Jj 
. jU)ll J>b b* Ja x*y jill 

lifJ uLJl yfij . iyjjJI OJlAJI ijUs^ rtAjJ ,:l1 I J_jJl ^LiJ f iWi .j j ! Ui 

SjuUI u 4 ol* ^ \£y*< JjljJj Uuit_j. 8 

ouJl klJUb J| fljwLu ^La]»JI ^ 131 jjJl J*> illilj ‘ 

^ ljj» J jk , ijijJl will ^lk^ L^JLj ^LviJ j&i kiie> ^*»Jl 
jpJl J-»li Usii J1 £-11 j^kjJI JS> i+y fid i^k'j 

. iJU 5kUS jj fl*-| J yaj 
4_uLu 4&JI jlyil jLk» £fli ji-kjy J>> ‘liliI ljL>l <A-1I ylklJI ^X X fa»ij 

i i^jjJI #jl*JI j-i '/j*i JjjJl ji uij*j JkOk jSJ fJ Uil y». J! 

Juy |«-k>J( J>Ij kLUl £jy dJj j» J^bll bjjji** jlj c '&» 

I>jUu _rl LuLS ^ ijyuU ifcLlu oLiii SUall »U1« 131 JyJl £5lwl 

«ii>ll ol^jUaiJI j* oLUl 
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(<Ljj)l sljjjl) Jjlill JjaJI 




j^l Jjl_u jJ . Lit jiJ lihiuJ 28-11 Jlill ^ 

_^_y i ijj» jii-wj. pji y iii>o iiij 67 jaJsuJi jsuUL 

tl—luJl jli i JiiJt jaLIu yti L*fT» . 3-uLLj-Jl c^-uSl jt iu*j ^Ijii ji ojU 
jiuJIj jJLxU ^jUu^UI «jJ1 jj j Sy J& ( <Jikll jbUilj Ji*< jAj ) 

, yiyjll Ijjk A*C jlfcj-JI jk lyi }LJj li liAj 

28-15 

:28-ll JS*1 jljll j*£ j^oaJ ^ ^Ui'jll tLiuJl . pl«A}U ijxJl olfuiuJl J* 

diu > j £l JJ-^ 1 J* ***** - JiiI1 J#- J* - l"W 

. Ui>J> Mn J^SJI ^ ) 206 o*L*J\ JJ JjU J_xmu 238 piljpll J ^ . itfJUl 
jJ> L* 5^_ivys ji 238 pjiljjJl 5xiu Ulxll 206 y^Lyll ji jt>/ lili ( 28 8 
0^1 j& jjkJl JJbJ jl jj )ll yijlil . ji)l pjjiljjJl bi 

jJp Nni J Ml jJ pj-*»JI 5j->J J-S yaLyllj py"^* i> ^Ijj J ij#l ill 

jjjl jIjJLII JJ liJl> jy>yll jIja* oh V*dJI u}& 

. ^A i^fusuil OJjMfJ Itjic t tj»‘) ll y* t Ijlf in by>jj yiS 


dji-Jl \j_* y_*P Ju-jHU j-ii JUU 
U^yfrU^ iLlly &J3 fbiii* 
4.5 Oi 4JJ * JrtiJJ* 

. lia jj*4 




+ ^Pb 

. 4.5 x 10 5 yr jaj 238 pjilyJJ J^iJI ^ y> TV; iu> 
»Jl< jli* OJu**J jJ ytfjSl J jjL dJjJj Ml "Nn, l*J .lit jA y^jSl Jt 
. Lyti 238 l>lj uLii Ji* JjL*J 


y-i olJyA ^jb) t |V«lj ij^»j ‘ ^ thl*fc0l pit; pO>S«il J3j 

(Tin =■ 4.88 x 10® yr) 87 Rb ^liiU /) ,Js- i ^ jy*u> 
U ^a J 3 UI dJ^j l> jiill jjava pii ji . *Sr JJ ^1 
ijuii iLjUl ti» jib; ul)W yii l j-oill pltil) (a* 3j£dl 
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j-t oUuf *—j l Jt ol^jiill JjJj , Lr u^Jl j*»i j»iij jl* J j - ft » l ! 

+0.1 x 10 9 yr jjljju l_L>y 4.6 x 10 H yr y» yijj yfi j£\ j\ jyxJ' yy 
. luju jJj Jl IfJ oJiuJ' oLLSlI ^/y jj>i yLIiu JL» ji Us" Lji; 

> i i.s>iLs' 4_t> oLijSl j-t cijj y ojl£ jjJI ‘Li^l jit j 4±>j jS .m 

^jlxLu^j . Oil jyj^iJLj ijjUll y*j ojli *UUI jii ^UulU 

*JaJ ^llj J£-1 j _}*J»3l li* ^liij plf) C 14 ay^i ^>111 jJxJ 1 

IlfJ Juull j . ‘LfliJI <> OjUUI in-SU y*Jl ji>)yi'* 
oLwlSJl J_£ jji ; ,2 C (j y^ UlU*^ £^ll jjfj^ll 0* 5730 yr 

^ jli i c**-* 11 jjj-vj . (jiji-W 1 un-i* Cm gj* Je 4y>j **»Jl 

Ljjj> <JI *ilj . 1.30 X lO -12 jJi <-»J j-Uju 12 (jyjjSkJl Jl 14 jyjjiil 
J • »« «, ; iiLljJj * sj-iA^j i>iUi W*** ,y jyo^ i>!* 4 °>+ i 

<juJI o>iljuD i>jJI i 5730yr ojUiu JuaJ _v**j 1+1*1* 14 ,j^5JI jWU 

tjjt jJujj . L» <lJu£ ,j_i *>iyi plj-^JI <lplj JJj5 J*LaO» 14 c/ 1s c 

. 3_^mJI «iiy« ju» ciiijl ,ydl 4^x»jjl ijiill Jjt ^m«3 4ijiL>JI 


28-9 j>+sy J& 

Jh 1 S 4-*l^ |> <&■ J-o>^ ‘ <MjJI j» ^Ij<JI JJ# }# u 

p ijyS'l jl wuL>JI > iOiJJk iul#j 3y»l0 

jj Ju>iyi ^Ij^kJl ^yi>«ij <■ 1.3 X 10 12 i >j U C Djjj ^Ci Jiau JVjiwI 
JUfj djjjj ; tji (1/12Wa jU Oj^l 

(1.30 x 10- u )(-^ X6.02 x 10") = 6.52 x 10“ 
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( LjiJl ol^l) ujjiuJlj J^uLtf 


fpJI ^ li* tyjill <> ,> jjjl». j>Ij j U C ,> 5ji 


= 7.89 x 10 6 counts/yr = 15.0 counts/min ■ 


28-5JU- 


iLb Jljlil jJP} . JL>! j_l \-ljLs pike ukj Ji oJuo> jj\*ul Wj> 

UJJI ^ olje 4 U,Uu g»li lj 6^ <i« li*lj til^ ajj yi j^jS JJ Uoll 
? ii^l dJJj u Xuj oiyi (> p5 Ik H C j* L*j'J 

HyObi* JVjbMil 

■ j**J <*k>UJI jjukfjJ *i!5UJl jk L ; Jlj* 

: oIjaJI jo* ^ <k>J ij^l U C Sji) £* UeliJl sju,to 



jJkJ ■u-uJb cuU jIjJU JLmJI 

4J,!>jJI ^ tip 15 u ; lku ^1 oicUJIj Sjplill <^1 pIDI ^ L. : Jlj-. 

f ( 28-9 Jlill) JUJ| <> cu*! 

0 .!"“.!*^ j* 0 oljj JjJP 4 f 4 o!l iijLj jjSik'iJl jjj Ia_aJl ; 4 jl>Vl 

(lujiH 3 JlmJI j) N ^ 

( ijyjjjJI CuaJI ) JV 15 

? ■luaJU Iwjill 41 mII ji*Uli o^UJl j* L : Jl^j 



j! ax ‘ A - 0.693/ l'\n. <i'iUJ< »l i»‘. <L ■ *LkaL*Jij J>j| 

A . 0.267 se flww.-73°jT)r 


f 0.693 
[5730 yrj 


In 0.267 = -1.32 =-I 


: ox Ifuj 



J] 4 ^ Jj jpt ‘Cp (> p|^>JJ ilLJI LpLoII jmJ| oKjjm o! 
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(Lj jJI ilyJI ) ^ 11)1 j ^ a)I 


. Ul> _ y^aiSl jjkII J^xfj Lb Llipj oi'i ^h> olj oLp ■ _ -H ~ . ; L*i 5 
. <u_i 50,000 Jj 40,000 y« ji jLci 9 Jj 8 Jl I tLiilL ^jjUU 

jjtoVIJ^UiJI 28-16 


yJc jjLi JjLuII lj_* ^1 ( 1930 ) jjj_iv»jJl <jLiiS! jju ^iul ail 

. <uLc LO Jj>j Ijtu ililpll Jl Jio y(J \ LyJ o^Ulil J> JjijJl 

jj ^U#iu>»lj t (Jjiiil Ij* yi jil^ll y> fiiy\ ^JUJl j*iwj 

lUj J_j ojLi j_jJl jlLkjJI j_» juoaJI -<Zm jl (jjjjJjJI jjiJl oL^U uu x ai 
^juu j-j> oljjJijuKj J-JUI (JjJl <jlui <ji j-u ijJl 0^*L jl£ p . IJ^wi 
^LkjJl «JjL» jJsj . Ifiij <uj Li j6 i Z jjj jo* oli ^sllc 
Jl JjjJI WA_C ^twj Jjl y£ll« y«jj oljJ l* UJ^** Juli-I_j 4 4Jjf» 

, Z = 107 

Jj —^ ji ijjjill ‘j5ltlA*ll f-kku ( 1) 

J-J>* 4LJi yi Uj iiiiili yid/ty <> 

^LJU). Jiiyle <njih »>1 

A^_l_•-M.A j' 

->-MI j-i i-Iiij £*llj 

,H o»^ Mw* 8 

yi 4 «ifrult sill jbiijL! Jtli* ji i jye!l\ 

Jpl_U ijA f«J ij . « jlj* J*UjJ » 

. YfelU 

j—a* gt» Ui »jj-4 juiji (y) 
j *n jj jito jpii* jky y« Jjijii 

• CM; 4j| y« W 1 J4** 1 j fiM 

^Ljui* i-Jvjlj j jfci i >*j 

J^h-u yill Oij* JjJSTl 

U-- 1 J^-S' '***4 ( ^141 yi ) 

—^r.l_Ll' L_xui ;i .rti yiSj f 

Aiji jisi jtuuii ij* ^ j 

• fl**yiyijj5j*i(>jiyfci >100 MW 
gl_lj| J-tU yj L^jljS j* j 

j_ j-iSiii >-LJ»a g—* i>j 

■ f#yW 


Lti& *i)L*$ o'JU, ( 3 JJw oLij^jii Ifil yU lllrf*! LfJ! jbjj ) Lj 1 ^ 1 —Ijj/xJJ ' 

4_>jj xji) . iT 1 Lf-> 4 Li » «ll j.Lk^l ijly> L»jJ l*JJb)v jlH <ijlj>Jl ollajl k«jSl 

Uj^ l*JJ J-0 yd I iiUsJI j 4 l^iS Ji< yj4 1/40 eV olUi •!> jli iijdl 
ydi dJ3 ^ 4«Lyj-Ji»oU^yji yli >S'I ^UJI ykj. LjjUl ojUUdi 
j-i jjjaIL L»jji jt xJti iijj» oUjj3j*J L^jJI p-Cj . ji^i j' 1 MeV I^ISU> 

. ikoji jyi £ iilkli Jii J! kjjil *UaUi 


• , . Vf 


Jl * m 

" ■jt* * 



x 

' " 1: ^ ■' 1f1 ^3 

V 





M (p* 

y» ..>' Ij _>■ L^Aosu LiU» olj ol— >^yyy-> 

jJ Lilt jiltL ^bLL; ^ J**JL ^ aii i 
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( LjjJI ilyll ) 0 *^ Ji«DI 


JAljkjJjl l5^-*i Jii . jtjj *&f kiu» |> J**)l (jliiijly . t£ti> 
^UaJI j*-t 1^35 c L*bfjuij»jJ Ijl^jj * JpUtiJI ^JlyJ \o>j (1939 ^U ) 
i ^Lll gLij . Jfiliill j# j* 4 Z = 50 Jj> jjJli (jill jjill jj«JI olj 
juU V «iiju> jJ jfSi ji frSti liL . jJl^j j>l y jeyajJi <>j jifi 

ja>& Jt J^-x»JIj _>/jll jfulj . (Z = 92) Sly JI li>l^ lylii 
olj OjJikjuJI »j_» oiLS JA9 4 Jj ,J* Dj^Pj Z = 56 JjjJI JJP ( ^yi ) 
, yi-n jji*Jl ^jUl jl k* 4 ^cL«-ll llD 
Ij^-uu liijtflj yU-Iji-ij (>U JUpU o^^ijl l*A>l Jrflj jiiU jJ 4iuuU*i oil 
JJsuj ujpyill j-U J L>vi)l JuiJ . ij^x*JI r-’liDI ei+J 

lmJI jj i—UjlilL ^lujLuj jjily J| j>jLj d 4 J^ilill jj J~«ij AijliXl 

. 4_jij]l siyjl |mI j^yi Jt Sly) I jIp ijlU Jj . ( 28-12 JJlJI a^Ij ) 
jJuki Jj SlyJJl pLijlj. y fiy/y k J! J*UiJi j* jUd) 

ji CM jUj • Js. ^UmI U *jUU Ji\y 

dl ^lj ; jcjjiP i %fr*t jtlfi JyAI £y SrfUfJI jj J$4 pJ JjyJl jltcJi’il tJllj^l 

Jaj UJ ^jlill jLu ^ ojui^ ^fJ 

jjb ^-uljyll lilt li>lj lylai Jilt jl JpUjll Ij+J Lltill A^boll 4l O v tf j1 jU 

^yjljyJl yt{ 4 iijjkll jj yfj jlLij^l jit SjjliJl ykj 4 ^iLiii 'UjuLJl i^ill 

4i)jo»J Jj"il s^laiJlj , ^Ij^Jl jlUsu) ( yuiJ»ll lul* JI ^ lui 0.7% J1 *j i^ill 235 
: KjSjt S[y ji^iU 2Ji U lk*!^ (n) jyyy^ y* j^lkill JpHj 
n + ^U-t J «U* 

8J_C j_« Jjjt j-C J » «-a l U jill 4 i^^l tlyll 0* u* J*£ 'i*i> 

: o^L^ll oi» Jo-f tfy* ^ JUJI J^liillj , o^Ulii 

2 “U*-> l i°Ba + |Kr + 4n + iill. 

^_J (J yi} . <A^kll ^ DA>jil Ojiull U8 Ba 4 8< Kr jjlkJ Gtuu) Jpllill 
. jlja-lfl JI ^1 J| <ullj jlltu J| Uj^Jj J>U-oj tiAj 4 jilL Jj 
. jcLu^l ILiJl 3JLe l>jj Js- ^jlkU'il JpLuJl g\y jfij lifJ k>m>) 
jVJaJI 4 dJj iy* ^Jti yM Li jl o)* iklilil jI^II) 

. JpUllI Oyjj 0 U 3 JI 4> oLuS 

jUI 28-3 JiAll J! LIa^j lj| Ulklll iilWl jxA ^ Jt J^l 
d jjJl lijJJl (jl J^ii IUaJj . J^-iJl 4_ili>«4 ^ Ly JSJ ldjjl lilt ^ inn 

Uuj *JI1» <$jJI , 3 ^ 115 J lu JiJ <iy J£J ibS ll^i <J liill y LIU Jw, oU 

J_ii 4ilj uuAi JJ L^Lo>! cljUxi;'il j4 ijifi (|h UiJ j5l! jll^-lll IL|lki yy * 

, Ifu 601 iafi Ji S 4ili ity^j LL 1 S 1 <mj| j4 40% Jy jS/33 »>» 
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( OjjJI iljill) jjjiuJtj jjLjJI Jjilt 





/ fi**' ))ll 

l»pij 

.) ,/ 

I v ^4 

:28-12 Jii 

1 - tjlivljl y]| >l>> jjW iSjjj 

•>^yi 



28-13 Jti 

jj^J^L iiiJ (jl J n’ ii /ut l JclijJl jiij 


■iili Jii i !)lli i (Ra) ^LlI ji oy JS) <ii£]> ji jiLJl Jl Jj^ . Jii 
^ J^J Jl ®'y oiiil 1 ^ J* ‘^j ■ W ^ 

ajjJuil 4_ljSJ | aldtj . oiwJI ji ills liHL, oLyll jli 80 j* k_u i Z jjj jac 
4_Sj> <JI1> iL'jij fuO)'l dJj jj La Olkli ciixko jLSuii A_xJ» jJLt jlkju 

; «U ^yjjljyU k»/yil jlkU'lll o^L* jij , J^>Sl Jeli*Jl ^jlyj .iilijyyill 

i/Ut, <JJl* <1U> ^*j 200 McV Ulluil olkli J-» 
jIL-jj ojL5 yj US <Li2jJI SlyJl jLicL j* jLLii^ll ‘uUc i^iJ jJJl 
3jy)l J[ jjyyi iilij j|j * 28-12 JSLlJl ji r-Uu USj . ^JjL-* ji S^ti JjL 
J-ldJI Jjwy ijJlS Ijbi Uiy J*>si U* jil yte J&+! jljifc’il j» i*U Slyll J*»j 
t jj jjjigi u m-u oj’jhil 3y j&b J>U^ UUJi»j* jij , ( j ) 28-12 
SljJJl j-lj> Jj-ii (J}$ u|i <-113 J^i oljjJI jrlxj <>1*1 

JJuUl jj r*~by jJk !—»£ i oI^jlIS jlkAi'!ll kiiA->y« 4 y£lj jaSI L J. A a ; jp Ia^aj 

j_« <_JU <_>jj jAt jLL-jUl Luki jy£j j-lkyij (—*) 28-12 

, jlyUrf'llI ^J£j S J til-')ll 

/i i>» oLiiyyi <5HJ ^lilj J| JjUAjill Ji Jjy 9J>lj m U oly jllvijl ji *iu> 
Cj|j yi-il J^UllI jli IjJ jlkilll J* 235 U ,iy d>i-J Jill jH oUjyyjJl 

jill oljjyyjJl JA6 / ii X i y£]l *®U ji <liS T^i 

jjjjyj p->J5l IJI i yj oljjyyiU jKJl JAjJL ijjli* 1^ <Li«c LpvL» j t 
iii ) , »!yJl jklw jUp i 4 olUyyi <j>C jyfk J| JJy <Jii 4 '^U oIjm 
oLjjyyJl ^yitjj . ( 2.47 U> oUjyyjJl wLU ix*»yll JA-Jl ji 
3 2 = y Oy>a U JJja l j Li A i. ' k ~ <ayl Jmv oi» <5^UI 

S 3 tH Jj->' i-ty*« jUxill JJ JJy olijyyjl 0A*j olijyyi 

JpLojJU 3L-JI jjk 28 13 JjSUSJI Ujyw ^-31 -ui**Jl 
Ijlj ijjjy; 3 4 Liiil jjMsj 4 J—Loll >UJI j-i 0 jk> ^ Ctjfi Ijlj J-*L»ill 
^ )<H " «l l Ji^oj . ij_>lj 1-oU j«j_» Juy <Jjj 0.01 S 3yk> oiyu—d 
iji 6X 10* Jy>3 r ylljyJl > 235 kg Ails llj 3 100 * 10« oUjyy^l 
jlfiat J \m jl JJ*ll IjtfS VrfUji ji £*1^' j* ‘ 

ji |»j_uyjLU yJiu jj >)“TJ J| oU)\ . jLkU^LLli L*^ j>iSly -lU 
llSi*j , jLLii'i’l oU« j j> ^iLi < jjj-j>H i-iji lj| ^yb* 1 . jkiw uj 2 ,^Pu 
j-» <jli 3y-i5 UiS J-»Ij 1^13 yi-u ji J—JjliviJI k>y jiw 
JcUlu ^y-u L J'Sb- <fcjUxi j* jAAjl) ^aUS' A>ljU ^ ^jiyjLJIj pyiyjljl 

cjUUlJI j« <LL kitj>oi olijyyill ji kjbljil 23 ^U 4l«» k Jxlyll 

2 ^U + Jn -> 2 ||U -4 ^Np + 
«?Np-> + ° ie . 
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(OjjJi oijjji ) jjiiJi 



j)UjL J»*iw i Np Jl j8 j* Jj*£ jj» 1 

J-aJ J -■'■ ; LcL ijuS '*Sj-u )ift [} thby-jl oJjJ- yjj . PU jLul j3 

ji*-w 239 Pu jl 2.85 j dJj 23.5 J| 

“*U Wy j* jlkAi'il iL'iJt ““Pu l\y oj^Ij ^ li£jy <i- 24,400 OjIA 
oJL«l £-*** ^ L^U iloi-Jl 5 jUI y M9 Pu , jlkiJ^J iLUJl jii 


pJUJI ^ j)yl\ jlLU’il 


sluLS j|j i J—*Lull lijLkii^ll J^LiSJl yh Lyjill oSilill J«£ <^L*i jj 
JLL-fci JcLfci J| J—oi . 4 il**ji ol ijjll ll j Iwjj J i olfJfcaH jMJ 

0J_>Ij ijU] jlkiil 4*L* jP jlkUl uL»P JS JL-j jl Jj)U Jclill J>b 
, ( Jptiill j_*i 5a>lj <iUc (> Jii i J^lilJl j^iSj 'll Ji> jOJjP ) 
Liilill jjLII p_^o- jLi . JpLtaJI Ji oUjji^uJl j* ,J6 j U Jx 
jf-i- fjMJl j_i jlii oUj^ yLul 'i » * » i> J j#£JI jj ofii ji ^ ‘ jlkli^O 

ILlill 3 jLU 4* J> 5itf Jlk jl US’ i JfiUill j* Jiiij LpX_ 

JjtUu viiLs^ 4ajlS olijiji^y li* j^Su ji* i ^j^UI j» Jil 4>liil ijlll oili ljj> 


. Wj jAJMt J-J-U4 


<_wL>- jj i>xui) ji <J>y- j)& J J* oLljjj^uil Sjoi jli i >li]j jip Sjto 

j"j 4 -~Oji jlil 4 jla1olaJ I olijjJ^uil* . oUjj3j^jJI JJA "iXyt ^X JaU) t U 41^1 


(+> j^ juS ajSJi i y^JI lifJ* ■ 'Wr ** 1 ^ b 1 ^ 1 tiMj 


«LLu| ji n^ivU iL»L> jjL» jp ojL^lp i 6* ifjy^ J^k*l 
Li jl* IU i 1 u jjjJjiiil <JlS u 1 j . jlkU’ili iuUc Jil> uluui: ^1 
ojlilj . 41S5JI uJu [*jju LfJ ol ii..i > ^i I^jjLu y> jLt j-L>l L#lS^> jkw 
UiuSl j^j i 0 A iv'.i jj oli jl^« j^ SjU jj-iu o^ULill y 


, jiyi jlljJj t-LLlj j^jSil LfJ UUII 





28 14 

. j jikia >ii*i jijiiij f*j 


L 
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( ArfjjJI i'yll ) jjyiwJlj y»l 5 )l 


4jj^J! oiUlill 28-17 


jjlio Jy jJ jjJJi jill liyU J &y. 

yM jjjl jM jJjJ J 5jlj>Jl » A>Xi 6jj> j-MuS J*N >+* 

. J>jyi Jflil lltukij li-j 28-14 J£JI jtj$\ ^ <&Ujy 
iixi o^Ui Jib <l»yb« J») il^liJl will Ji J*UI! uoli lijl^ 
jj ^i>j_jii j^yij. 1}^) c* 

OyiI ix-ill UL) ±U> . UOj. yt SjaoJI ol/ijll ^ o^uiill 

<bli* jaJj UL* J^> 3% y>j Jj 4*i jl» )l ji aJj^jil 0.7% <> M5 U 
fJi (J -i> jS_L*>y] LLUJl Jlj-ft'il ,> JUS JOP ^ji) i*f* *j^» • »•>! 

^ j y-^) 3-m-»s j_wy jjJi *ui y *JpU*u ‘js Jja^i 

Lu yP i*iljjl oUjyyull <-LLb fj-*i - &•>+*$ - ‘UL* , cjyi J+1) 

OAyJl ijl^-*Jl ui . ijlj oljlktJI Jl l*J (JJy jiJl 5*1^1 i> - J^ - £*ji 
. Jjlj_> L>jj jJj: Jjjyi uUii ,Jj> MxJI <J i’JJ ij-ilt 
^ siL i> Jjljjjl JjL 1> J! Lf*L^ Ji j "^J^ 1 ’j'^ 1 

. jlioJl gtijj 



LUUJ p-jliJI jl ujjjJ 1 CM 4 -CjUJI U* *W- r 1 ^ 1 pi 

Jl) ...It (j_*j oUjyjjjJl ya ! irt'n l OjjlS LflS «lUij jlki^U jij-j Jja* jit 

j|j UK . yS i oLi ol>J UKj . Jfilill tJi yi lf*>- jl jUiiJl ai* 


> ^yjU. yi >U3 Lf-i p! ii)y Mi-' 1 ^ J* C *> ->J| m 1 ^ u! b 

JeUJl pj,uK)*U jKjiJI li* On JM j/J' a! J*' 11 > mu 6* aui # 85 ^ 

ii_i UJ» J* ojJ yfciij jl jUj H ji >» o'Hf liil j JJij jlk-uSJ 

. Cyjl Ui5 ^ MjjW 1 
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( jJI sljill) jjjijJlj jslill JdJI 


U liJ_j. Ifj ^jJI oIJjp jj_a JJb objjJjjU If^Luil 

. UUj \Jiyj ojUlull jlj LjJ Jj* j-aJf J] jLaill ol»ji 
Oj.L>J C« 0 _jaj jy£j jl j-i'/li . tjjuiJl *lu ^jJl ^y» jJJl jkii OulS lijj 
. £&ijh ilAJJl Olj ^Ikii^l blki piljw Oua ; lfi>ljj <*+» oljgUU 

j_i 7% (jl t*i iVi ijo_ib o'IIxajj jjlLII olj [i olti I> jlvll oil »lu| 

ji OjjL> jlIcj . JoLmJJI Ijji yu —j j_ySj ibjIyJl jjjiJJ jHJi j-JliJl 

jfuj oJlill ijjill j* 93% ^Aj 4jiilll 4o-ull jli Jjjll jL_pi ji Jl» Jl* jyJo 
j_>y ^ o! jJ* , Jplill uJi JJ p_ivill jluii JI>jIj iDjj jjiJl J+ IfiUJ 
vili jXaaJI ij_»j. jLLuKl blkiJ ^aUj^II JsLilli ijkl L^j ji*j ii»J> 
jjO ij Li Li-cJlj SjljjJl ol>jJ Jyljju pUjjl v_u_aJlj Jjj Jl jluii LuJHi 
J> lj *JlumU ciliJl .UyuJ 5 L#il* blki jlj i jjwLJl 11* oIa J j , Jxlill J5uA 
j-* jUU* J->>—/ a a vlll oL/liyi J) bj^>jil o^UliJJj . ilSjl^UJ !<■■> > ' ' Jelill 
. 4*klll jJ^UJl JjpSl Jju jIa JiiiiJl jbl Lu* 
jjL* ^S\y <, Jviyi jLuij ojlaJ i jj_>^l *-*fll olyJuJl , 3 - 1 * 
jj wjuuullj 238 U jy ** pjLwJL bwyJI objjJyjJI jity ^IJJ Ijki fyuyjJJI 
i Jpliil JjjLtuJ OjlvJl rjIyJI j_> 11a ^JjjjbJl piljij , SjJj* o^lelij OjJ> 
'"Hy j ^Pll sly 55 Jl 50 jl jjSjj isj> 

JUa jli UUa IfjJljj yu jt JjjjJI jLki jJ oljJull j* jUyJt jliA olku 
jli JLAJ ; Sj_* Jii O^UUil « ~ | b i l i Uilcj . Ii ' i ’ i i -ill Jit m \] jj jjj 
. 4_>^Ltfj EjLpJ ji*j ^yjljyJb 0 J 4 I-JI jLuaJI OJA J^AmJ jIa^ jl L k k x i 

A_ij_JI j>U^lll JbliuJl olj jlkijUl blki l»l . Luluji <LaJ jSLw pyuy JjJlj 
. j^i)’l l*i»* <UCji J>Ij LfJal> Ja* jij^ll jl»b LpJjj L^JU Jiibrill yji 
. OjJks IlfJj . jaj 1*^3 *wwl l*S . Sjjis Jolxij <Jy>j J^Jilll ojUJ jl JU 
Jyjiu J-> Jl J ~A> pJ jjJj 1 l_l^>jjxi p XJJ oblllll j* J fl lk i ll oLLa Ul 
Ifla bib LaLiv j *Ai - k>Jl lyJ . Um>Uw 
LaJU ji> •lji ‘^1 oULJ i>Uj ^yj^yjl jli j»yyljyJJ b5l>j 
j_* bjU**i ^yuyJLJl J_ol iijli*] U*i> ji US . U 14 JI OsLS| jS JUAju^J 
^Jly j -1 Ii_y y JJJ CJAjaJI JjLSJI ji J^JLaJI ^iljj ^13 . JJUluJl Jjijjl jL-sJ 
^mu ^yyyJLJl 4 aJLI ylSij jliiil jli liUDj . OjLJl ^yujlyll ollclii JjaJJ 
. iLILaJI U ilLii^l o^Lcliil ji <Ujj^SJI oiyj jULJl rbl^ll *1 Jj oa* 3 b5U* 
jmkll r^lj J-Xixiijl J UjLAjJil SjuJI jjlkil LmUJII cOUUil ^iiij 
Uivi-Jl sLaS^Ii jjLo* j.* jjJi)l <ULa pj , UaLJI obUJl iUiij 
J_>lj LwUll jl^ll £by silljj \ 6 yvJI JiUi« Ub-Jlj o b i.ijJI l*Jl> 
j_* Oj^jS ilj_»l j-i OIajS| oMclii jL>lyj . till j JJ iibi^bj , JaUII i_Ji 


-1109 




(oljJI) 0*1111 J-“l! 


JJ Lj_ili j-i j-oJi JJui<* owlji * ** ^ J* py *JW* 

4*jlki/)ll ol*U*JJ <ji J J IjiAj . £l*-i’-ll i> fj*S f-^^J 

. <^i*U Kt^a jJ»l»J IjJ ji l*£ <lil* <*jl£jj 

:28-6Jli» 

Jj jlkli'ill jt oOUJl Ojlj*Jl likli Jjpu J* jj*; Jjlk-j* J#H* (fi 
r jJj ^ittJI jJ m U jlkiil cLL# jj# U . 1000 MW UjljJU Lil^S 3jjl 
oLU J#U1I M5 U Utf j# L»j ? Jipdl li* 

p J^Lilll |> J^l> jlkjifll 

■ w rtU'.aJV '".-.I 

f 1000 MW gi Ji jlkii'it *, IjfrU > ifi J\ ijl/JI jbi. L : Jl>* 
^Jku 1000 MW £ lsi| iji IjJ 4 1/3 tfjU Jy*JI 5.US 6* **» : W 
jlktfll oLU ^ 3000 MW £&l 
? jlk*JI ‘ijfg J5 ji lilLil olDI jIjL U : Jlj-« 
200 MeV pi : 

v ojJkuII 235 U iLfy jlLi^l oUU jj# - w o^UJI U ; Jlj- 
, i\y 6.02 X10“ Jfi m u & 236 g JS 6y*i ■ 

; MeV/s J[ 3000 MW Jpi %\ , l&ftUJlj J»J» 

3000 MW* - 3 QQQX 1 1 3° 6 ,; i7T7 
1.6 xlO’ 13 J/MeV 

= 1.88 x 10“ MeV/g 

p oUJUt dJj jj# jli 200 McV jlkiil U*# JSJ Sjfeliil iilUl % 

_T88 x IQ 22 McVjs _ g 4 x jqw fission/s 
200 McV/fission 

p l^lill J jJ*XZ jM J>) 

9.4xl0 19 Ih _ 156 x 10"* mol/s 
6.02 x 10 23 

; Jj ii- ji jljiil >j# 

(1.56 x 10* mol/s)(3,16 x 10 7 s/yr) = 4930 mol/yr 

Jil5 |>l# »ji J#Ult Ji*i3 ^ J*) 
(4930 mol/yr)(0.236 kg/mol) = 1.16 x 10* kg/yr 
p m U piljpll «*£ J . (1000 kg) ijjl* J» j* 'V» y& MU =»i 
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( AjjjJI 51^1) j p uJIj jiliJI J—aiJI 

j-i Lip Lib 35 p jumjm U J-iliil dlfJwu JJjJ i j JyI <Jji5 j* bii 3% 
iL Ji ^>11 UOj 


drjjiflgUrill 28-18 

iilb <J ^pJJli jbiiLl ^jjJI jjhJI lj jyJl ji Lip 28-3 JiLl J[ Lc»j li] 
jp y oiyli ji ii» jjju; ppjp P Li y> p 1 P 
tipi p pi dJi (jjJ L pi liy Ji) Li LfjJ jp- Jpl »xi* 
t pi jy jpu) 'ju p» jy p jp pi i i Li ji pi i5pi fj it pi 
jpl p p p ^ill JpWI ji pJI Ip . iilk JI L£ll Jp » LUj 
oUltJI jyM pij . Jjpl jLmjVI j*—u L y pi 6y ixP L* p>«JI 
pi ^^LLiil Le**^i p jJuj L» LvuL'ill o^LlWl y jltL pi Lip 
, j-‘t-*ii Jilt j* p ljjL> jJy Jj 

}II + jll -» JH + , 0 je + jjv 

p*pjP y • pyp o v } ( upjr ujP! .°ic A*> 

: Jixu’H 


'fH + |H -> jHe 


Jlle + jHe^*He+2}H 


' r 


. 4 p* siy jp Li oijy jji Pji j»uli y jll viu> j jii i^y uij 

I j-Al l p jiiJl x»J ji Up . LLJI sia y LLil iilk'l jtjiu xL pj 
L* . 4x 1.007276«= 4.029104u up oppL L.LJI y ULull Li j! 
. 4,002604 - 2 m, = 4,001506 u i 4 .pJI Sip i*UJI y Lip Lill 
: y L£)l sip Uiliil olUlj ; 0.0276 u y Lill y jiAJi ji om G»J 


(0.0276 u)(931 MeV/u) - 25.7 McV 


1 kg j_tp y Sjpl iilUl jp Ji)j Sji M/4 v pP <> 1 k K i>% 

: y fpfJi j* 

fflUl --!-(6 x 10 26 )(25.7 MeV) = 3.86 x 10 u eV - 6.2 x 10« J 
4 


ijjtjil pill ‘m iiilill t olWl j* jljill li* Up ^UH5U pi j»j 
rLoi'SL pL pi Ulkll ji ii i E = me 2 = 9 x 10 16 J : will j. 1 kg y 
_j_» ftjlii j_i 0.7% jl i Jpl LSUi LiJjJ* i ; UII li* jj 0,7% jj-» cp 


i . 
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( SjjjJl aljill) 


0-» 1 kg jLkifil JiLu oL-^j . ^>jjju+Jl ^Uiil j <i'J» J] jaJl 
J[ Ui5JI j< 0.1% jfclla 1* y>j fl x 10» J UjIjL olL cl 
j_t > 3.3 x 10 7 J/kg p* J >WSJI yli IS* Jjli* **U» 

ciO j—* 10~ 7 15^— jJl»3 U LoUwfll o^UUlll J jt JjJjll 

. jlki/ty gLifll o^Ub l*J0k) . fa 0 JSI - 

ylj 4 ^LajjKl oLJUi y* I) 1 ' *' * ' ' * “WlWl jl O* fbjfl 
, <$l jj> jiji\ Ja ISO Il^L* <u> jic fJ Jfilisll 

J-5LU 1 4 He ykj CyljiS 4 oO C^UJLJ y1j> jXm - ii*ll £u> o* - £^^1 
oi *j-*y. j#-*•>>*>)• '-•f ^ x 4*i ^ 

ISO olO ^ <>liil oliilSL»^i «jj* lj[}. . *2»lij£* j* 

Ifijij *30 yiy ^ IjO-w UyjJ ji Lt*y 4*^ jil< illLfJ' 

H ^Lufill JplisJI ji j yj~» j>Uiil Jeli: Ja Jj*»II hy* j$JS } 
yijyjl tfjJUl i5jJ OjL-a «L- Ja oJa> I3J Ij $1 j£+> 

S-ijjUGJI ^ iiL-il ai* Jlj 1>A) ; 5 X 10 15 m y^> S^x&ll 

llv ij^S t oliLJil #a* i* **^1 ^ ui* ^ ^ 

J Jj> UjUrfl y*u jSlI 5ij>3l oUaJ Ojli* y*} * 1 MhV c3j jaj 

OlWl aiu* JyOl Jf-JI 6-*i ■ 5 >j Cl' wM S*- 1 " 

(j! (j_, Jji oJl\ ^ cM\ >illj a»l*5 jl "Jlj . oU^-cJi l»iOl 
oUyjjJl on JjU-J ji UJi; . *M »i» ^ 

pj_b jJ jJl Sji^Jl oUjJ j-» U u* j wi 3 WI J 

il^di ti^i ^lijii^li fU j'j 


^1—*a?l|l Jtl—Li jlsl^J i jya 
\X oi&jjl fJii-Jj • 
OStUil! 1 jy«]l o-alj—iJl c-ljJ J 

j j jka i it |« , * J ' ‘ iJikJ 

J—i+ jJ* iki J* y^UU Jtlb 
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( OjDI ilyJI) jjjiuJlj J^iJI 


jU jj L ISpJl oLL> kj^ii jl CiljLD <ij>JI piv 

1.6 x 10-“ J ji 1 MeV jljilb iilkJl »j* LyL Ijji. Ht pT Cj\j> 

: bt*jl 

| (1.38 x 10 25 J/K)T »1.6 x 10"“ J 


7 = 7.6 x 10 9 K 

JcLiill lx* i**—J vjj-JI y* i-uJ/N 3jlj->Jl oL>.jj >_^ o! 

jjlj ^JLe JL>J! i-v^ - i-tjj* fe—oliliy. Jj^Jl gLii^fb 

jk) j^xSJl yJi ^ iillill Lx0j lx-jjll II* Jj> o* ja^ 

Xu£ i^_>li/l |bjy rL*JU^I Oil) j4 jJjli* jli i i>ll* 150 X 103 llg/m3 
jfcUll JjiJI xli £& oUj--> *Ja_Jv 0 ) 4 ^ 15 UjljAl 'Jj* <*J J 
yuL-u 0-f LjfoUJt BjjiJlj . £»jyll ji iifll*! 1 ^15H»U 

('jut j_b jyL 655 y>j o' li* 4 x 10* watt ^ ^Uuilll 
^JS LuU J_£ 4 He o_» jJ) ojJ-* 650 Oy&l ( 

ijlj_> Of-jj X0 pk Jill li* 

\jx~4 jJl jJ> ( JiLttl) 1^11*11 ji IfJtfil* “oil •tUjj 

• f^ 1 J 


:28 15 JC 

>_wo^ll >j > pllii 

j—iiUfc* f jkj <V • ^^aaII 

♦jlj-k & jWi 

t _LA Ji. <tku JilJ | L£Li | •uL i )k 

• ( '*& W) *0* 



JUJjLi jJimaA 


■ - 


JfUulll ljj> J-i* ‘IjJUH Jil —') 0-* jl ^*3 1 1/®)^ J 6 i*i 

Jjljill £« ilia*- Li (, {Sjjpfij JSut^ ^LjJI ^tuj jlc jjjjll Ll| . 

. Jj\y> VIS j $\ r*b |J liiflj i J^ { 

M-jjj 5 jU1 oi i*f» ii<i> ^ 

Ul> jj Jibuti l^_«u o_o LL»*L oOj/SJl^ oL^i o* ^ O* 0^ ‘ 

( Ly L—uLLiu o'ilbiv* <1»J^ ij^wll cjLm-4>JI ja> (jS^j . Lj5L 

O-i J! liJjJ L oLj- Illl+Jliyullj 5jl^*Jl ol>jj o!j 
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(OjjJl iljiJI) jj^iuJIj J^L 




jj j-* j*U! yt ijijiu ft It Jy fij . *lji>'jll fiy jiJl fi£ 
o'JlLan j_i Ijui icyj UpUl iljUwi jp . jliLII jt jjJaH 

jjjjj jl JJ Ifit d[fi..ij It jyn oil? jt wy It ji viv^V 9ji*J 
djuk l o k ticiyi o'ijUJl jl^l jt « JltlSy »jly* tl^l>'lll 

UiltuJI dd J| Jj^jJI o»jJl jji 1 s jt »tjl>^ll <Atj1 wjJiaJj v 28-15 JUJI 
JLtlSyJI jlfj>- «y Jtj U £t 7 -UdHl jc ixiUJl iilkli jjLdt ltd* ) *iLUl ji 
JUSuJI jjlij £t ( tfllt jt 

j-* Jji 5jlj_> ciLj-ji dp jit* ja>ltdl j*ip'xi Js. L)l» jji*L)l 
(’H - 3 H) fyujy - J*US* ■ oy)y - Oy}^ l*dp di*i j5JI 
, ( 2 H - *H) fy.yJyj - JpLa* lii i 4 x 10’' K J|«J#ii » ^Uao j^ltd^l 

ftj jtiwill jjJ» j^ Ji-C iiyp Lid Lll> flii 10 8 K dp diXjj ^-Itdl/I 

j-lJlj IULk!I yld)< • «jp j* 3jlj> ^L>jj Jj J^yi J«i)lt 
£-jusu jJ ^kUd'ill Jpldl) jjLdl jl J| l^ilLt^tj 5jL>ail oi/siyi j 
. UU 50 J| 25 jt j yiS. ^ LiAisj 

JjuJ! k_jljj&i 

• jj& ^ ' r ^ i » ; “f'i j^L 

i iyyWl ijjyi ( J>) I Jitoll ( J ) I iiSSLU Jit } JjjJl JJktJl (_>) t Ljdl JiSJl Ji>j (y) l 4*jlJI (1) J/3 ji 1 

j-fcC ( vS > k k^L^id^l CvU ( L ) i LtlpttJI ( £ ) ; ^pltd)'! U&Jl kbUtdl ( j ) . Lj^Jl JuJI UUi ( ) ) 

k L/*#> iiil&l ( j) 4 <p^JI (f) k ydl iud (J) k /J liu JiLxt-il^j a U)i J”ibud! ( d) i kJ>aJI 

. jjjjJJl ^UdUl ( J ) k jjjJJl jLLd'Sl ( ^) k o^^L-Jlf k kilj^Jlj ‘ lijj-SJ'j ‘ kkA^ 1 ° ,X> J ( ^ ) 

. jLLd'Sl ULi ( o ) t ( u*) ; f ^ 1 ^ (J ) k iU* ( J) ‘ J ^ 1 J * 1 ^ 1 ( ^) 

jrfJjil iyd ( jf ) ; JaUS ( d ) 

, IfJ 4Jl5Jl Jit cjijt lj| It iiy |l>> jdj jl 2 

. A itSJI at) <tji J£J LitJI oiij O^Ull litlt f-y ji 3 
. LfjiJU 5 ciijt I jj Jiyjl Ltj iilL kii .kxl ji 4 
L 5 jU J^Lxid'il otU jl widJI yt kiuk li|j jtU-Jilii oli «jU ydlL t )N j#t <hW! Ctl^ p*j jl 5 
. <Uuu idtj jjli Ja/ jLj jjJl iJLo'il IjjaJI k_u**j ji 4 * 1 iaJ| 
j'^JI Jj 5 cxtkU lijj . j 3 J^Lxtdlj it JiLxtdl L<J dJUM L^m »ljJ iyiJlt (J *^ 1 ^ j1a * ^ ® 

. {J^Si y ft ij|) Li Li!; fiy Lfti bra ji jtlfUlj 
yl« Utyl! oUyjdlj ieJIdtHl iiyJl otic ti| iUJ 28-8 JiiJI J> Jill Jit liiLt Li-j id ji 7 
jjUil l^ilji>l dp y ■. fi 1 a cilpUd'JI odt'uJl Jill jtt jjlil ji 8 
jij ju^ sjjLkdi'iK JpLtJl ji J yyJI. iyyi* J *^ 1 *5'^ jtildJl ^Ul f-jJI J| f^yi <mjfJj ji 9 
. lidill tddkJ 235 U jLiS>l yuy li» JswJj JJdit Jjlkltl Jptfl i»yill It j5it jij . iillt jlL 
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(OjjJI SljjJl) jjliJI JjJJI 

{Ljbi rji w jujy)\» ^j!j>Jl JjLilj ^.x a ' j'oJvJj , J*jyi jLid umi Cjlkijl OUlii I jlij L.x 'i ^jy ji 10 

jyyi »ijjj rj£ ji, ifit js 

j-t jLLiu! J 1 ’ixi J-6 1 ^Ij^ 1 0 4 o» jjJ 1 Jxl*3 ^jZ* o' 11 

“Ujlkiil 

jjJi ^jlkii'lll otelisJI ‘I+Jl j}> JpUII y j+i Jil\ islkll jXa* oi 12 

. fia rylu jl . ^>uJl 

jj '-u-nUj jl jl j y^jl l ityll iilkl jiGJI J| ^*j)b k X** O' 13 

rUjJiU 4-isiji jjiyiii jj-» ji, jikjj'iiG JmIi ^ jAuu'ii jyiis Lj«-o olj <su» jsu»| 

. jlktffy jj U| y>WJ jJ-uJ 




5jjbyj Ou'jjj <Uliu oLu5 
(u) AjjjJI J55JI ij>j 

1.6005(56 x HT 8 " kg - l2 C j^>)l if m ti& &• ^ ■1u 


UtUJl 

1 curie (Ci) = 3.7 x 10 10 Rq . 1 bcqucrel (Bq) = 1 decay/s 


1 rad = 0.010 Gy t 1 gray (Gy) = 1 J/kg 

( Lu> ) L>iJjjj Ajjilil *U_f*Jl 

1 rem - 0010 Sv . £«J will qj**JI qLe'JUl RBE > 1 sievert (Sv) -1 Gy x KBE 

: <L-AJ jjLwj oiiu^u 

yiwb iuisji ;^yi 

i jli i ■•■■ alui AjuoIL 

. ( itiSJI JAP ) oGylll J Ji =N + Z - A . dlij^jfill JJP =* N ; ( ijjJl jjjOI ) j j* = Z 

: 


, ^SUiSJl j-oJl y-ii Jl Z iSjill jjaJI uM <) iiill Jyill J$ j*& 1 
, jJUwiiJl -ouJI y^j j * ( <il*x» A y jaj ) 4ilik< N *Jj Z j*L <J J jJl ^Sylll y^i 2 
. gX UjJG G yMf- j&A jtji 3 

jjiui jjiij i_»yii ij—ji j_» vydaiii . *■>■>**• > w> j* ^ 4 

• ^ O^ 3 J 111 
jjjjyJi iilisJij 

(1.2x10-“ m)A“ : ^ A jj» iljJ >i JUJ 
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( irfjjJI oljjJt) jjyWlj jiloJI J*m)I 


: 

4 ^*j 4J3SJI liliS jJj (jjjJI vu>J j&i pi jj» 1 A kji ya*Jl > 1.<lnj ji A ^ic A jlu£i 

jjyJI JwjJI oU»j iy 
; iJUl ijyll t wajLai*Jl ^jyJl k;JI 5 yJ 
5 X 10 ID yJ jP o'jjjJl ja j liLill tiijlj Ijj I Ju> MiJi i LUU y-&9 Iy] 1 
. oliyj^Jl ollaJ. jM la* Jyll yllill jli -iDjj 4 j1Am ; U* oliijilyilla vILjj jl Ujjjli JO* y ijjlj jD j oUD iyj 2 
. jldl J>lj olijySJ'AJ Jj>j! A dial* ■ liLijjlSJ'jll ^lp Ulki I 4 J Jg uaLjyyjJlj oliyjjJl jip jOill |>r Jlij jaiau 3 


4-li£ll jxj jjjJl jLS IjLi . oLitjjjjjJlj OjLjvJjjJI j4 lyUj^ J| llyJl J-a&l iuj^Ul uUJl jA ilyll iuj iilLji 
. jjSj kjJI xiU? (jlj 1 Am ^JjUl jflijJl y Iu1>m 3lull <Jl5j xlutill oUyil <JSJi 
JsujJl olL = Amc 2 

jtLtfIMUJI 

j-»j . ^LuAjj oUe—*> DjiljJl olLdl j» iyUll Jlyll Lfj yll dU*3l y 

. y l«L> 4 *AIj . ( illjjy£]j ) fi all*»..i>« { 1 Jy ) 0 OI *>■■<> • ij Jill 

(Tin) (JrfuJ! y* 

jiJuj i^la^JI jj oa_>j yjl oatll u*S Ju*l lfJ'A> j*j iu»j iyu U5Lft*J }mjj U yj 1 l*J 4*Ail Salll J**Ju 
jtl i llJ J_i«ajjl jt£ j*-u U ^y a ^>1 JI yiii jj £jlj JOi y jjliH jl)l Djlill 0O»j jPUAJ 

(A) J WiVl Outf 

. N(t) = Noe" >J : A^JUJI <JuL*JI iloUlb J»x> t, yUA']ll J5l**«i)U J^jj Jli* 
luijaj . ^jJalU ■ .^ulj y A * t yjl yt yuil JOail y A'(i) a 1 <lyJI jj (Jul 1 jL^^I JOaJI y A f fl wu> 

: UjuIL. uLtfull yw A 

v 0.693 

T m 

Uiiy 


. AullJI y jop jl c U aj^«J <ylvi| o^^Lvp p I vijja* Jau ^ 

^jjyJl O^UUull 

; JJuU ‘l^yiJi ui^iy lilt o[* ; 4*^/ o* j**i l>*J^ 

Cj\i Jplilll 0 AJj Jjj olt^a*JI £y> Js- <ul5Jl 4ixA)l J£u ji au*a 1 

. lull Jpliill Jmj Jj 5 CiLyl) jiiJl JOaII J£y ji v_i>j 2 

' O^UIL oiibl jl oupual ^1 iilklb llswy JpUill Jjuj JjJ ylill Jiill ji jjill ji A5LLJI »li^ s^jUi <3 
iilUl ji Im.ll UUJI = A m c 1 

Ju5l> 

ji Jclilll lay) jiuj . y5l Ojljii-dj Jiii Oiillj jjSi- JpliiJl j* ^3UJI JyJlj 1 i>U»AiI AilL jli Am < 0 cJli Ijj 1 
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. LLUl ^3 lixv,; US UU> i llililj (1> 

. UiliU jl jSUi ^ i> ^*11 U 3 ■ p^ Ji> j *>0 ji v*^ ji* ^ ® ' lu ^ ^1 ^ ^ 

j^sji jikuvi 

j_* 1% _j_>J Jj_>iLj. iiWI j» jj5 jUt] £• 1^/j j>Ij p>> UfJ OjS-uij jiAU J| si» y »ly)i 
pL LjUp ^ #yL JUl>l l*J jSJl M ;iyi 0. J#B JJP . jWl i<U ^i UlL j| LL^I ttSJl 

rUl ljL*_j jisi ji jLijjj^u jJU jlkliMl Uj . ^94 Pu » *94 U yUliJI •lit jjfl j»J . IfLai 

jLLii'il Jjuu Li v JJ-04 Jilii iJA,! iUifj I SJi^ jlkiil ol*U 0 j*L>Jl ULm JiLi 

jjyll jUjjVI 

LUll sU, oliJI o^UaJt dJj UUVA.J t Jill iiy j.£J llu uyoJl 4y)\ ji g*> ’U* j)> 

. LUII U J olL J! iJLOll toill j* I1-/1 8 % y* J>>y l* ijU) . lyjJ UUoil jU 

wjluo>Jj 4JU 

ol^l jj^ 3 * L . oM gtoll y LjU- 11 LI* oaS jiU ^.Ij jUw ^ 60 0 JI 3 SII piiU 1 

Y DX>lj 27 Co »ji jjJl olljjjSl^lj 

y ^ L^pl jSj pi y_j ji> j-uii cU ji >*i M 2 
? JSui jl lfti>l Jju3 ji *U 3 235 U oljj j* JSI Lj-Jl jllSu j* 3 
. 8.7 MeV ^ iiyli Jyjll iilt ji U lilgz jUJ 4<jjJl iliSJl > 4 
1.0078 u ’H <-bSJl Imm 3.016u ^ L>i)l ^ S H jfUl 3 * p 3 «^l 6 

4 jjjS ^JLj jjjl 2 H jjJuJJ IjU-aJ^ Jlj—*" '• jljU'i <^Jb ^Ojl! jill U 1.00867 U jjy>diUj 

. 2.0141 u ^ill 

ijjjus i^aiJ jJj . 0 MeV 3^0 \+J^ jJii ^Jll LUl oU 3^ ^ij /S- J! I* jl» 6 
JU ^Ul JJj jLS ISJ >Jil) Jualll uu ^Jjl ILJJI a- U yill jlijl j* 

. fc* 2000 (y) 3 pli U (i) 

: ...L a^i ail * oUj—jJI iUil IjLi . uoLjjII j* ilsS j Uli ^U^ ji Lj> ^Uil pi 7 

^lll ^Ujll j*>U p 6 UU « ciUi-*^ 

L*i 4 L*i>i j* Jjliil J>b J! yj-ii jjJljll ji U>j <>* t 111 jl* jw 8 

y SjUJi jjjiyi jj vijli JiijJi ^ 

? chSjSi <^3 p>J+Jl jli jJ-M 3» ii 9 

jU »Ul^ ‘ 3 -Lm u_*s iUj JJ»lj o_>u»j IjJ ji <liSII j» jUI 235 pjjiljjjll j* UiJ jSJI ji 10 
y 0.^1 UiSII ji jjSl Jjl 5ltf oils y j> 4 «HL Le* jlS li| a5 U OUj. -#- 11 
jLSi ydSj bcii ji vSI jUL yi/5ll j^^ i y^l iy Cw^ j 3 ^ 1 ‘'- Ji ui ^ 11 

Y jijJI Ijjk ^ p+lU USi . l*J ol^-J 1 ‘'-“i 1 o*/* ,/N 


- 1117 







( *0jjJI Oljjjl ) jjyjjlj jftljJI JmmLM 


H pJ i jdl db jip j< 4jk UljJ Sj^i <L>j if oj^ j! y«S] Ubl Jl*j J Laivi jl 6 jx jj 12 
jlj—s»i > , » , » -ti ^ ii y*i] Ouii j^ SJ-jlj <Le yt J yi^jull jjl . illj £4J , ijU jbl i^l jl JJj J*J J) l» 

. yjuJI T jb 1 Ji-o JliLSlI ji p j;>‘j jj Ow ^ip Djjfi bjjj DJiuJkJ dy>j 

JjU 

28-3 Jl 28-1 (\Ji\ 

* VO* 3 ^ >-1—ol {-*) k olijjJjill JAP (y) ; <yjDI <i*JI ( I ) ! jN oljiU 4*^1 'iWill A*jl 1 

. 4yyJI iilSSII ( J ) 

. yujUll Lft^Li (_») i oljjyyjl JAP (i—i) ; oLiijjyJl JAP ( I ) ! ^ Hg slyll JljJ I ydljj-J' A>jl 2 

. \tyi\ oUSJI (j) 

jdJl y L JA> oliyjjJl JAP jP A*jl JJP) V 43 OjljJu <lii JJP j^Al y jA Sul 3 

? j* j,Jiu jli . 18 <J JjjJ* JJP) olijjljii j*M jjJail 4 
? 2 fi J Jp 0 flljjjl JaS Jid (^) UUM UylsJ JuJ ^ill Ojiidl SljiJl j*l 5 
220 Kn t jNb . 5 Li : tfJl oljyill j* JSJ iyyJl olili% oyill jlViSl JUI j* jjli 6 
oJalil yjjSl ji cd*>J y . ‘3-!Okg/m 3 Ifiilii k*yU) v 6.4 x 10 c m U^ii »_LJ * LyC ij jijil pi u 7 • 
V jijjp Ujti JuJ j^Suy pii % (»2 x 10 17 kg/m 3 ) SI Ji iilii y*ii lyJ ijS yjU 
ObS lyj Syi jj o_k*J» <L1JI oji* jl Lus^ijl Ijl^ . 10 61 kg Li^ll j« Ifii ^lp ubLill j^SJI <ili y& y a*J 8 ■ 

. 7 x 10 H m y**^Jl jki deo ^ lj> jjtS ? ojSil wit ei-oj ^ . (**2 x 10’ 7 kg/m a ) olyJI 

Ifijj)l oLjjilll j« i«j> jk J_j«axU ( J*£ £-iljdi J«oiJl ) 4ili)l (JLLj jL$JV ^ olpjJl jtih pJ>i-^ 3 
D LXiJLI JLxJ' oxJ* jyi:> Ljup jjLill ^jL> i n C j^ri <K>M 111 jLII ybi lJu v j>y . 2.9 x 10 d m/s 

. 0.080 T dUsil Jib 

? 9 pij "JLil ^ jjljJi ildJI JLd j ll C j 12 C j^l jjLa ^ jw jji)l p U 10 

jJ L^ij> fu pj i 1700 V sjljiu jy> jji ( jl* ^Ull J-#*ll) jw iLS dLL* ^ pA*dt H 

U . (JLLii ^_i 12.0 cm »jLj JLu bLo j«b)l <ijl>l oO^i j< i*j> . 0.070 T > 0 x 1 ^ .jiLlUi JI^j 
V LijjJl Ji53l oIj>^jj plj> JaS 3L sit Uii 

jjiUI jjjtjilJI j^jLlI jLi Jum ji jjvji i SJbS jUw ji Oj^wJ LJ> j* Lj> cxj&i 12 ■ 

j^jJl j^bS3l jm 4f-iil • wjOl Ji . 14.0 cm j 12.0 cm La oU^I 
jJuJI ■ • ■*'■ pi . ibiJl ji 10.0 cm jibll jjl>i ,2 C j^i UiL jjJI jLII Jsi Jual ^ 13 ■ 
. ( <L^bjU J^»iiJl JJy^j j"* - ' ^ ) 9 16 ^ 

^uji jyij } 75 . 5 % |7 ci jijidJi j_>I jjd • J»«» j* W y** 14 

. Lyu plijl ci'XJ Jj Jjjijl jt ijxub <ma) Ljill dijl J>y 24.5% y>j 17 Cl 
yUJl L*l 1 93.3% Ul 4 -:^ 38.964 u <Ja5 jj U»j>i : j>y& j*ly>i ydJI p^b^il j>I^ 15 
Ji jt ^ VjiJI iisfll • 6-7% J40.975 u l^jJl cliSi 
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(iljoll) jjjiwJlj jiUl JrfiJI 


Ne j^JbuJIj ; 90.9% <. j . y j. ' JI Aijit ^Nc pJlj U^li filial a!l» i ^ic <«,iikli x>Uii jvull jl ±»j jil 16 
j^ImU ^jjJi Jjx»Jl ji ojjj US j^uil OjjJi iiiSJl jji. 8 . 8 % 4ju-JI cyy a No pull U 0.3% p_uJl 
235.044 u Up j'J^all jbllSJI j ^ J U La ,ju-iUi jjpii jj jipl jl* Jj»p fpljpl jjS« ^ * 

j-SJ ull Jufcjl , 238.030 u ^ fjjujkli <La^aJI aUS jl j*> j : o^pi 238,051 u j 

. ^juljpl ja Aai m b ilii ji Jtli u 

Uiili U , 98.892 u ijuu-ill Ojjjj 12.00000 u A^jJl AlbS ; 12 C U* jPlJ jp* ^kJI 18 • 
? 12.01115 u ^ jxuUI 1LS oils Ijl 1 Jjtill OjjJl 

28-4 ^1 

oLijij^ jj 64 J_ij)l oljJ jjjSi juui cliSJl j* mu U jIjZ* (JjaaI 28-3 JSJJl A»«ip olilpb j*iJ 19 

^ AliSJI 'iil 4jpl Aj—J l jt> U i t v> olUw^juq 

y> U . 3^> olijppj oilvjjJ JJ 202 jjjll l\y JjjAjJ 4 _/pJI 4jUsJI jlJL 28-3 JSJJI oliLu j 4 u**l 20 

f 0 UJ 1 oi^j ( u oIj>^ ) jliSJl plSlI 

jj> 12 j^jSJl 3jj ibS jl jSii «**li ? A^i JSJ JsujJl oil* jljii U i 12 jyfi\ Sly) aJSII Xpl aiU v_u4»! 21 

\a\jj 12 U 

. 39.96259 u y ilpl ojp a^JI UiSJIj . "Ca Sip Oy JSJ kp iiU) JlSJl A^l lilt o->' 22 

kfjJl aJU ^1 . oUUl »a» Uoisi- . 15.00011 u 4 1S N ip, 4 14.00307 u ^ M N ip ^jJ! aJjSJI 23 

• *P J tyyyfl 

, 84 j y-uS 5jj <ilS jJJJ jppjtj jyp! jiteS wjj . 28 3 olil^ 24 

olL ji jjjll 4 _l-»>I jljUjjjji jU«M^ LfJli * j^jll ^ ^ '^! 25 

V JwjJl lilt sj^Uil jJu iJjS . J®A j *gS jjjUjjjS'l j* JSJ AooJU \iy JSJ ^ 1 

? All^l oi* iy Jjjl >JI a L } f 13 C > 1)1 sip j* jj^p *JI$ f j^Ul iiiyi jlji* U 26 ■ 

28 6 j 28-5 jUwill 

. will tj^J uLai jUfI i*jji iUil Jju l^..l»».*i.< sac |kSj . ajjJl so* 678 <uuU au£ jy oit ^kjI> jIj£ 27 
yt y» L , lijJl ji ojf 44 oJL>w 48 h j ^ jjoj ■ L Ui>J y U^IjJI y 3 j^ 840 <«S cU> olx- 28 

|S (s_i) V 5 jUI oi* 4 iuli a U (i) . 0.84 yr LfJ J-uuJI ^ . o*p 4.5 x 10 i;i jJU uS ijU 29 
V jj&JJ j* aJ-oSi a!m!i ^ J > i. »j (iill lijill jjlp 

v <JL,S'I vSJi (^) j*J Jl J^aUiii jSJ >> ^ ■ 140 d fpjljJI ci-w jap 30 

jjJI oLuiiJl jxm U . 3.8 d j»jl JJ jL-aill j-u. } . Jji 8.0 x 10 12 J* jjjljll jU j« lyM *iy^ j^i*i 31 

1‘ Alij JS aJj^jSJI ji 4S)J>i 

•JLb Jx- ajlJ sjL» <j jUj^ JJai Jb jH Jlij 4 f^Jill ji Lpliji pi oJUl ^ 32 
^J^SII olx>j jj_P U <>*>w? yllkll ^liji oilS Ijll , Lylill j* ^•X>j oiii 750 jl jin jlj# j»lj>4Uiil; 

'■ IcLJI plijl ji j>»j ^UiVlJ»lAUl i> 
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(iljjJI) y^l J«»JI 

iuil Jjfcw^ jI^JI <jl Ltfjjjl IjJ UjjjJ! y »0£ 194 4aA« 0 y*o jt 4lxui <*Jx5 jjj c^jli jlj* 33 
? ijiv.Jl 4i*li y Li k Jaii Jjill jj* Juaj jt 

!> <ly ,jj oJiu jUI jyJJ <jyi\ M 1 ^ U . 12.33 yr £+» y& yj [ykyU J-^Jl y£ 34 

v ^yrjf^ 

¥ kill J i* v_i-«j yt> y U . 3 h yy j*t Jmj 0.25 mg ol*^1 J yL ivi j jjL <> 2 mg yi Ji>y 35 ■ 
T 156 yr ojIII Jui, yt jti Ijj 90 yr J Jaww jjJl ouiil ijUl y6 y U 36 ■ 
Y iijlll ai» ti-oi yt y U . 24.0 h yy oaj jjjl y iviu 3 jL* > lui 14% ;>i oLUJl 37 ■ 
Jiyb <1 uL v Jl yt jl dij>j ijjyill y **iil jlfcuii'lll yJI y j* 90 ^yijyiJ^I yjt yj\ 38 ■ 

j—A y !■• , Ljl* yaliall xlz iyk> 4lS*i< JjUJj jill oUjJll y» xili t ( 8.8 x 10 8 9 jl 28 yr y-j ) 

e Ljy lliii jl*LI Jt fit iiU yy ja> J&» Jill i jJil [yXySfl 
, jyiiJl ^Ijj^ll J> 4j*p (> 0.1 g A^lpli c*-fc>l , 4.5 X 10 9 yr yj» 238 u fJ-pljyiJ eiisJI yt 39 n 

28-9 JJ 28-7 ^ f Lift I 
: cJilll <uAil J X yjli IfJ yy jill JjiJl jh h 40 

|gFe -+X+ Y < gKr -»JC+.Jc » 2 “Ka->X + jHe 

: X _ r ai*Jl jjjjvjj JJjj LJUJl o^jIm Jj51 41 

X -> “ 8 °0e fjHc ; M Th -> M 0Ra + x ‘ ?fPa ->JT+ J}« 

V 0.80 MeV 4i3lt y^Uij 5.3 McV cills a ^> j^tj^ Jjj Po jJxJl ji Mj ^ jJI I y> U 42 

. /I |luj> j>^ll y jlL jjjl Rn j. Ai ll <mJIj . j5 ^j-*> j^ltO ^ Pb J**iu UjIc ^Uil ^JeuJl jj> 43 
? 6.62 MeV <^IL a ^ diLulli § Bi L±* ^Ul j^LUl y L 44 
¥ <iLUI »jj» J yjjill Udll [# y*z ^jJ! vyil Ml J* l* ■ 0.54 McV y^bui “?Kn ^ 45 
Y 1.11 MeV <jjli Ul> Maw jlki U-iit 2 g 6 Th jjliuii ojyJ! <Jaill y ^*1)1 jjmH y L* 46 

4.773 j* IjLk j jj>Z jlll Silkllj Y a jUx* j jJl ^ ^ j* j^u jiJl jJSuJl y U 47 ■ 

ojJyJi ojijjJI <Jj5 ljul>I McV 

Y V N J fC J*»*t Ujup jll^ Jill fMI y U 48 

: iJjbull UuJ» 4.5 x 10 9 yr »jIjL Juu a J^JpO 238 ^l^jl Jx*-a j 49 ■ 
Lj_i»li> j!j_l Ui t (i ^j..i>l ii »> 15LL lf±> 4 jLUI >, %> «i.« > I lilt U —> ^Th + jHe + oil? 

^ jplisll JUylll jilUl J 2 S ji yJifii Y yaSWl luyJOJ#. 4.19 MeV ‘M L^ilt jl Y MeV 
. Jf(jHe) = 4.00260u , M(™Th) =234.04358 u * M(^U) = 238.05077 u 

Y ( OlLJl oljlu^l jJe) Lilib <Ullll ii» jl 50 ■ 

60 Nd -* jgCe + jHe * «B -» ’Li + jHe 
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>li3ji ljj» ‘ju j-Saj Ja . 0^1 j* n ±i> [H t gC -> “N + Jn : Jdl >liJl J yi>151 ■ 

; Af (}H) = 1.007825 u : JUS JpUUI ^ Jjlill ^ i^ill Jifll jjrt ? 2.2 MeV <3Sj> i5U> * ^ XU* 

. Af(Jn) = 1.008665 u < M (jBe) -7.01693u » M(]U) =7.01600u 

t 1.6 MeV iiUl oy}^ ^ pWl £* t o^Uliili J* t iilLlI olj^iel Jj bl£U 52 ■ 

Af (JH) = 1.007825 u : JUt* >MI y djlAll ^ ^iJI Jsfll >t*lj + ]U -> > + Jn 
,M( 7 4 Re) = 7.01693 u i M(Jli) = 7.01600u . J#(Jn) -1.008445n 

JltftS >UiJl J djiill <sp <iyi\ JjSJI oilSj jHe + jj A1 -> jBe * Jn : Jlsll Jelisll 4**l c,I 53 • 

Af(jJP) = 29.97831 u t Jlfj^Al) = 26.98154 u . Af(Jn)» 1.008665 u » M(*He) = 4.00260 u 
? 2.0 MeV j* 2^ e ^ ^ ^ 4 J*^ 1 lj* J** 

5,3 MeV ctij> Lilli. UUI p-* ouj i 0.080 MeV tflL l«l* gl*i 210 pijljfil jP 54 ■ 

i M(*He) = 4.00260 u . ^ gJlill ^1 Jtf oft; ? 4 °Po -> jHe + “Pb + y : >113)1 
Lilt j» Li k 5.3 MeV ^ a p-* <S^> oL iJ 0 i cJp 01J (I). M( 2 gPb) = 205,97447 u 
, 209,9829 u ^4 L.U1I yj£JI & llu 210 Wj3l1 Vjiil ‘r‘- >l M f o^)' 1 

: Ji\ >U3U r>i 4Jl 0* 1 h 0& j 5 ( *H J-23J1 1> 1 ^ o' 55 ■■ 

UU jljJu U (1) , M(<He) = 4.00260 u * Af(?H) = 2.0141 u <<jjJl JiSlIj ?H + }H -4 jHe 

U : \j> i_»jj f'jJjl jIjju Li. 0.75 cal/g.’C L*y 5j«>>- lj fjM i>A lij (y) ■ J '■W 

v 4_ji lilLSi ol» <iLt>] jie 

* J_>lj /3; J_>lj a I jljlil #3; 'to Th juuJlf 28-1 JjxjJl j bjljH iLL W 56 1 
, j JJ l* y-il P j jjllH O' t> 3^ 

o JWit oUU ^ . 28 1 j ojjiyi <LL y p jiN 238 jh 57 ■ 

. Ji wie cjjLjJI >jjy< iiyJl 

fj . /l ^ r * J>lj a ^ pte jb jIL‘3 U oiyjb 28-1 j^l ^ MjljH fjw^ 1 ^ 58 " 

ajyi J^JI iLJJl yw ^ n l . a ^ . /J ftlffli 4 yXftU* <p a>y t Olid-* 

, Uifi J5 v" 

28-15 J! 28-10 ,)• 

tifj JLflil! , SjjjJi 3iAJl j wDUjl Jit }Sj3i ^ y 131 J ^ #)l ^ ^ 59 ■ 

t 0.2 /iCi Ujlab IfJ p 131 I ^ ^ U (*)! ,S1 I ,> 0.80 /ig iJ^li ^ L (I). 8.1 d >21 
e 32 P & 0.7 g SjUli 14.3 d^32 jt Lp >2 J-21^60 • 

46.3 d <0 J-ill j* & llU Y1 mCi l*ileli j 59 jjx>M & (A 61 ■ 
jJI 3x11 L_ 4 . 180 d jJMll Jal JuJl j*t) i 260 mCi L^li ^ pi j* ‘Cjt i—Ul JiUI j>\ l5j^A* 62 ■ 
? 26 mCi J! j! J#> lf3 iwall oi* yliW-l 
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? 2.31 mCi LfwUls ii* 1**1 p pAjil0* pS ■ 4600 d p ( 3 H) ^y j<W yt 63 ■ 

? 10.0 mGy Ujlji* £l*ll Ity*> till Jj jjj IjJ *Ul <>jj y jUL U 64 ■ 
j-m <ityll jtfUjJl Sjlj*) ? 8°C Ojlj> o-jJ ^y / j^UjJI y j£U O' / ^>P **J* J ljii ^ 65 ■ 

. 0,031 cal/g.*C 

(J) oIjl>* iiUsJl jljJU U . 0.25 Gy U>lji» <*plbj Xtyt JJ 6}y J*w J 70 kg <ljj >1* o»j^ 66 ■ 

? JjWI jl«* y jii-3 / 

0-i 4_lrfA> Lup 0-* gjUII Judl 0* J«» 0 048 p U C Ch *JI d J*J ‘ f^ 1 6* ^ jo' 115 j* 67 1 

5700yr jjkil! u u» . 2 l yt ? ^UmJI <*kJ yt jt U . pli»*ll 

Jl m ?b lu-i oitiij , ^Pb Jl oljWl o* ** 1-39 x 10 10 yr y 232 p^SII J*Jl j* 68 ■ 

? c/Mj/j ji ju< c_j>w»)i yt y> U . 0.17 j» j^ivuJI o* 4j^P y 232 Th 
l^LOl ^jJl oLLo / jJiiJI Ha o>^j ■ 12 3 yr ti O-lll ^ Ort-D-W- 11 «**• <? H ) y* f^ 169 B 
^ p_.ji y ou>j i*Jjl o* 0#“ /i ‘^1 jrt-X)^ £• la ** ^*^-1 y * -1 ^ 

lijjl j^lll yt p It . i-JI 0* <*J> ji (> 6.9% S W 4il o»ju Ifjl J» 

¥ J 

28-18 J| 28-16 ^ pLifal 

Ha / Ullvll U(UI jIjlJU *-->1 > I 2 $ U -> $ Ba + ^jjKr : /ill iSjlkAfll JpWI J*j) O' *• 79 ■ 
, W(Jn) = 1.008665 u . Af( 235 U) = 235.04392 u : j >lilHlj* j J/ll ^ ^ • >Ui)l 

. M( 92 Kt) = 91.92627 a t M( lw Ba) = 143,92285 u 

jLLUl j Jt jJLjt LillJl o* fS ‘ 210 McV UjIjL iilL 235 U jlkill *#Lp ^ilS li| (I) 71 ■ 
f (]) oliJl *i& j* U» 8 c*nta iiUJI j» ipL oij^l iiKj ^15 li| (v) ¥ “U o* I g 

jfUuU <JL}.)'| d»U 5JI oJ'i |j( So»!j bL 5juil 1500 MW iLuKt J*Wll **U o* f‘P ^ p 72 ■ 

l^jii oHIl o« 210 MkV 4f>«si jlkAJI U»c Ji o' ¥ 30% 

Jplill vJi / 23G U oLS lib . IL^I SjJuiJI 0* 3600 MW iyy 6? 73 ■ 

0 ^ l4yb‘ 210 MeV ol jhaI V oU 1 -1*11 y ijjfjU a*il5 ^ 6 yr J 28% jl.Hu 

. jlkijl ititp J5 ^t jllwJ oU*3l 

0 jj 3 ^*JJl ity. J» U (i). liji l>4* CbL.1 ( 2 H) LSL r ^J 4 x 10« m/s Op^ 0w 74 " 
Sj*^ 4ib5 jiJI (5^11 oi^ V J->- ‘a 0 ^ u ! ^ M ¥ r jU)l ^ 

.oUj^S^ill ji $ jpi 

teyj [Itfp u' 1 uijlil . Usfll u-ii Ifj oUi-c? ^)UJI Urf irflplj oi*i /' opi 75 " 

ois lij yUi j^i ¥ ojr^u j-* u j> uy)j< c l ' ljkJ f^ 107 m/a 

. itfL ij> v*i Sjj a. l3j* Liljktfl piuwu Ojj 3 ^ 1 
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JH 2 H + *H ->jHe + Jn : yU^I lf-Li > J-* fti yll <&ll ofcUlll <> ™ “ 
£|1* ^IaJI £t f 1000 MW Jl J—«3 ijji gls) 4#ili J* po^l 0* f* • f^ 1 J* 

. Af(*He) = 4.0026044 u i Af( 3 H) * 3.016060 u * Jfl*H) = 2.014102 jjJjll Jsfll 

: iJUl ofclilll y aiLII j*jt 77 M 

*H + ®He -> jHe + III « JH + *H -4}H + JH 

iaU JjLw 

y» U V M Co 0 * L** > lgm oj^jll olyJl jjx U (I) 5.3yr y M Co cJIg&l ^ J*ill j* 78 ■■ 

? tjUl ^ 1 g y <*iC J£ yjl oik jj« ^ (-*) ? ojlil oi* 

, (Tmh LfJ JLflUl j»t jyi ijli o» iljl Ni j (Tin) y L#J J-^ll y* «!• i> * }l y M ^ Jy** ^ <**• ^ " 

^ ^ JjJ>i Jl-sJI J j«*I ? Ni i Ni i (Tw)i i (Ti«)i iWj* *if»U JWII y* y ^ 

ijjkLili 

S *“U vSjll DlyJI jlkii'i 4&JI og^JI ^ ui 28-16 ^ill y Ujfl 80 ■> 
»U-» , SBh +jKr + 4 jn + iilt 

^ us ouji iii oi^ ^ ■ P ou*-» 5ip ^ ^**^1 r 

gKr -4 Ja + 40 +lilt i “®Ba -»‘JCe + 20 + UU. 

• y <*LJl ojjk y Jjiiil j^lil oyJl Jj£JI . ii^Ul »ifj iljJ 

M( 92 Zr)» 91.90503 u t M( M0 Ce) = 139.90539 u » N^V) = 235.04392 u 
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1 - 3 * 1*11 





J^l ^ fy»b CkjjySJ’jJl JiSJI* i ULu “C - 12 u jja> y> Jjjj»X Sj^iyi ^!Jl j»U 
^ u aJJ i_JI y» ^Li! _aLJ! j>L ^1 L oj&Lul j_t>LuJJ i^jjJI JjUl »jjJ « 


Z ifjjJI jj*JI 

X^* 

AjjjJl <UiiH 
iiu^ll 


Aillilltf 

Cu^jJI ii jiji\ 

7 

J ijjri 

0 

n 

1.008665 

Neutron 

1 



1 

H 

1.00797 

Hydrogen 

1 

99.985 

1.007825 





2 

0.015 

2.014102 

2 

He 

4.0026 

Helium 

3 

0.00015 

3.016030 





4 

100 

4.002604 

3 

Li 

6.939 

Lithium 

6 

7.52 

6.015126 





7 

92.48 

7.016005 

4 

lie 

9.0122 

Beryllium 

9 

100 

9.012186 

5 

R 

10.811 

Rorttn 

10 

19.78 

10.012939 





11 

80.22 

11.009305 

6 

C 

12.01115 

Carbon 

12 

98.892 

12.0000000 





13 

1.108 

13.003354 

7 

N 

14.0067 

Nitrogen 

14 

99.635 

14.003074 





15 

0.365 

15.000108 

8 

0 



16 

99.759 

15.994915 



15.9994 

Oxygen 

17 

0.037 

16.999133 





18 

0.204 

17.999160 

9 

F 

18.9984 

Fluorine 

19 

100 

18.998405 

10 

Ne 

20.183 

Neon 

20 

90.92 

19.992440 





22 

8.82 

21.991384 

11 

Na 

22.9898 

Sodium 

23 

100 

22.989773 
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Z Jjjjl JJllJl 

m 


OjjJI toil 


A toll 

AiJuajJl jjijl 

/ 

to 

12 

Mg 

24.312 

Magnesium 

24 

78.60 

23.985045 

13 

A1 

26.9815 

Aluminum 

27 

100 

26.981535 

14 

Si 

28.086 

Silicon 

28 

92.27 

27.976927 





30 

3.05 

29.973761 

15 

P 

30.9738 

Phosphorus 

31 

100 

30.973763 

16 

s 

32.064 

Sulfur 

32 

95.018 

31.972074 

17 

Cl 

35.453 

Chlorine 

35 

75.4 

34.968854 





37 

24.6 

36.965896 

18 

Ar 

39.948 

Argon 

40 

99.6 

39.962384 

19 

K 

39.102 

Potassium 

39 

93.08 

38.963714 

20 

Ca 

40.08 

Calcium 

40 

96.97 

39.962589 

21 

Sc 

44.956 

Scandium 

45 

100 

44.955919 

22 

Ti 

47.90 

Titanium 

48 

73.45 

47.947948 

23 

V 

50.942 

Vanadium 

51 

99.76 

50.943978 

24 

Cr 

51.996 

Chromium 

52 

83.76 

51.940514 

25 

Mil 

54.9380 

Manganese 

55 

100 

54.938054 

26 

Fe 

55.847 

Iron 

56 

91.68 

55.934932 

27 

Co 

58.9332 

Cobalt 

59 

too 

58.93319 

28 

Ni 

58.71 

Nickel 

58 

67.7 

57.93534 





60 

26.23 

59.93032 

29 

Cu 

63.54 

Copper 

63 

69.1 

62.92959 

30 

Zn 

65.37 

Zinc 

64 

48.89 

63.92914 

31 

Ga 

69.72 

Gallium 

69 

60.2 

68.92568 

32 

Ge 

72.59 

Germanium 

74 

36.74 

73.92115 

33 

As 

74.9216 

Arsenic 

75 

100 

74.92158 

34 

Se 

78.96 

Selenium 

80 

49.82 

79.91651 

■ 35 

Br 

79.909 

Rromirie 

79 

50.52 

78.91835 

36 

Kr 

83.30 

Krypton 

84 

56.90 

83.91150 

37 

Rb 

85.47 

Rubidium 

85 

72.15 

84.91171 

38 

Sr 

87.62 

Strontium 

88 

82.56 

87.90561 

39 

Y 

88.905 

Yttrium 

89 

100 

88.90543 

40 

Zr 

91,22 

Zirconium 

90 

51.46 

89.90432 

41 

Nb 

92.906 

Niobium 

93 

100 

92.90602 

42 

Mo 

95.94 

Molybdenum 

98 

23.75 

97.90551 

43 

Tc 

* 

Technetium 

98 


97.90730 

44 

Ru 

101.07 

Ruthenium 

102 

31.3 

101.90372 

45 

Rh 

102.905 

Rhodium 

103 

100 

102.90480 

46 

Pd 

106.4 

Palladium 

106 

27.2 

105.90320 
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ZjjjJljjJI 


Ajjjjl <UAH 
ibujiil 


A dJjiJt JJ£ iUljJI 

7 

jJSuJIii jS 

47 

Ag 

107.870 

Silver 

107 

51.35 

106 90497 

48 

Cd 

112.40 

Cadmium 

114 

28.8 

113.90357 

49 

In 

114.82 

Indium 

115 

95.7 

114 90407 

50 

Sn 

118.69 

Tin 

120 

32.97 

119.90213 

51 

Sb 

121.75 

Antimony 

121 

57.25 

120.90375 

52 

Te 

127.60 

Tellurium 

130 

34.49 

129.90670 

53 

I 

126.9044 

Iodine 

127 

100 

126.90435 

54 

Xe 

131.30 

Xenon 

132 

26.89 

131.90416 

55 

Cs 

132.905 

Cesium 

133 

100 

132 90509 

56 

Da 

137.34 

Barium 

138 

71.66 

137.90501 

57 

IiH 

138.91 

lanthanum 

139 

99911 

138.90606 

58 

Ce 

140.12 

Cerium 

140 

88.48 

139.90528 

59 

Pr 

140.907 

Praseodymium 

141 

100 

140.90739 

60 

Nd 

144.24 

Neodymium 

144 

23.85 

143.90998 

61 

Pm 

* 

Promethium 

145 


144.91231 

62 

Sm 

150.35 

Samarium 

152 

26.63 

151.91949 

63 

Eu 

151.96 

Europium 

153 

52.23 

15292086 

64 

Gd 

157.25 

Gadolinium 

158 

24.87 

157.92410 

65 

Tb 

158.924 

Terbium 

159 

100 

158.92495 

66 

Dy 

162.50 

Dysprosium 

164 

28.18 

163.92883 

67 

Ho 

164.930 

Holmium 

165 

100 

164.93030 

68 

Er 

167.26 

Erbium 

166 

33.44 

165.93040 

69 

Tm 

168.934 

Thulium 

169 

100 

168.93435 

70 

Yb 

173.04 

Ytterbium 

174 

31.84 

173.93902 

71 

Lu 

174.97 

Lutetium 

175 

97.40 

174.94089 

72 

Hf 

178.49 

Hafnium 

180 

35.44 

179.94681 

73 

Ta 

180.948 

Tantalum 

181 

100 

180.94798 

74 

W 

183.85 

Tungsten 

184 

30.6 

183.95099 

75 

Re 

186.2 

Rhenium 

187 

62.93 

186.95596 

76 

Os 

190.2 

Osmium 

192 

41.0 

191.96141 

77 

lr 

192.2 

Iridium 

193 

61.5 

192.96328 

78 

Pt 

195.09 

Platinum 

195 

33.7 

194.96482 

79 

Au 

196.967 

Gold 

197 

100 

196.96655 

80 

Hg 

200.59 

Mercury 

202 

29.80 

201.97063 

81 

T1 

204.37 

Thallium 

205 

70.50 

204.97446 

82 

Pb 

207.19 

I* ad 

208 

52.3 

207.97664 

83 

Bi 

208.980 

Bismuth 

209 

100 

208.98042 

84 

Po 

210 

Polonium 

210 


209.98287 
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1.^1 





jaAmJ) 

A iliill JJ£ 

/. 

iliS 

85 

At 

* 

Astatine 

211 


210.98750 

86 

. Rn 

* 

Radon 

211 


210.99060 

87 

Fr 

4c 

Sanctum 

221 


221.01418 

88 

Ra 

226.054 

Radium 

226 


226.02536 

89 

Ac 

* 

Actinium 

225 


225.02314 

90 

Th 

232.038 

Thorium 

232 

100 

232.03821 

91 

Pa 

231.036 

Protactinium 

231 


231.03594 

92 

U 

238.03 

Uranium 

233 


233,03950 





235 

0.715 

235.04393 





238 

99.28 

238.05076 

93 

Np 

* 

Neptunium 

239 


239.05294 

94 

Pu 

* 

Plutonium 

239 


239.05216 

95 

Am 

* 

Americium 

243 


243.06138 

96 

Cm 

* 

Curium 

245 


245.06534 

97 

Bk 

* 

Berkelium 

248 


248.070305 

98 

Cf 

* 

Californium 

249 


249.07470 

99 

Es 

* 

Einsteinium 

254 


254.08811 

100 

Fm 

* 

Fermium 

252 


252.08265 

101 

Md 

* 

Mendelevium 

255 


255.09057 

102 

No 

* 

Nobelium 

254 


254 

103 

Lw 

* 

Lawrencium 

257 


257 
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6 , o j^L o-Jj ^i Lill* >lj. 15 ijU UUIS7 + 8 * 8 + 7«ji 4** » &** ^ ^V' ° 1 ^ 1 mV 

.a + 6 = 6 + fll^jJjl«J 

. 6-o = 4- 6 = -2 j a-6-6-4 = 2 ji Jy* Uft6 = 4 ja = 6cul*lj! 
• jli b = 3 j o = 7 aulS I3J : ^3^11 J«ij lllli ClL Ijjp jSJj 
o-6 = 7-(-3) = 7 + 3 = 10 

C + e = c-(-e) jli —e j c Ik&J I3j ji 

, <Uixl 4jjLi[ jvu 'jjli . LJL I.up rjiu jSJ 

Uukj . ab ji a.6 J yJI u x 6 j 6x3 = 3x6 = 18 5li*i : L»f» ijjle pliji yj-e v pi 

: a\pf\ JAlji iUIji y>Jl oLU 


Jilt 

wcliJI 


5 x 6 = 30 

a x b = 06 


(5) x (- 6 ) = -30 

(a)x(- 6 )= 06 


(-5) x (- 6 ) = 30 

(-a) x (- 6 ) = ab 

4j»iJ! ( J ) 

Jli# 

»J*12)I 

j—fiji jli L#i 

15 + 3= y = 5 

a + h - - 
0 

^^maaD ^u^uJLi 

15 + (-3) = -5 

fl + (_4) =4 s f = 'f 


(-15) + (-3) = 5 

*•>♦+»■ 3-f 
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2-JxUl 


(o + 6) = (6 + a) ■ a + 6 
d(a + 6 + c) = da + dh + dc 
(e + d)(a + 6 +c) = e(o + 6 + c) + d(a + b +c) 
~(o - b) s -q - (-6) = - a + 6 


o^1 (-ft) 

: 3^1 U^LJL Jj*jLu 




ll cjILILiLI tk>6l» lAit . ft y pliuj u u ix_u o a/6 j^AJl 


a+6_a + 6 a-6 _a , 6 

c c c ^ c c c 

£±i = _S_ + -i_ . / « + A _), v 
c+d c+d c+d ( c d ^ 


£v—= — 
6 d"6d 


a_a v i_a v c_ac 
6 6 6c" 6c 


<tujj jjMju ji j_jj jljill yJu y ^Ullj L-Jl ^ i-ijj ^ i l>~ h i llii jjLJI Jliil 

„ c nv 1 _ _ v d _ad 
d eld c c 

. oUiSJIj Ojlt iLlkill tjjb jt Jftuj 
, jjaJI y OjJJj ijjk iJij iilli j-£ Jt a-i juf 
i li» ^ JIjuSj 

£ + £_ a x d _ ad 

b d b c be 

i?—all j_» <JbUuiil O^UUll J. /|' |> ' | ,ji uLU AiljJ* I j-i£ll 4 jjJ |> jiAi ")l < 4 * 1)1 y Ja~»*ll |> Jl V /*) 

J!* 11 J#- J*} ■ 


ay a y y y 


„n n m -n+w 


(a6)” - a"6 n 
(a") w =o"" 


a6+6c _ 6(atc) _ (a+c) 

^ bd bd d 

. &t£ ^ «|±£ 0 <i^L 

^ ^ 4]t J*WI j-i; r liil yjkJI y i> J-i o' ^ 

^Q) 

: ji riij (ijJJI ji) y-'il tJj/j ■ u ^ c jU* 1 flC 

, a" 1 = — , ^=4 = -^ 

a a 3 a.a.a 

<4)(ill JAlyJl ^Jjuuj 

fl , = _L , -U-W 

o" a " 1/a" 

(„■)». 
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r 


2-3*111 


ol)U11( c ) 

: x 4^5 jL tfSi <L»3^fl *JjUH J> Xij Li v-*» 

5* + lx 2 * 3(2 - x) 

3jU| I "»5 t; x *j LijJ ojjl^Jl A-elyJl JLuJ Lpj ; Guc + 7x 2 ■ 6 - 3* iljUll &o* £*Li i 

JUJl j>jJi jLt ibUil ot& 

7x* + 8x -6 = 0 

foUli r biJu^ x jb*>' l*i» ^ a x* + bx + c = 0 ijJl > «W-U 

—b±Vfe 2 -4nr 


x = 1.03 j x = -3.32 jli Jlill <i* <ll> j) 

; Ci'i’j'jul ■;‘ l yuil J^ly)l fljii-il 

f_.. t ,.'4 in jjluu <^a 5J ijjLul oLSJl : 1 ixflLI 

a + /> = x jb { x-c jlSj a + f> = c jlS IjJ dOjJ 

ji -■"• Lib ^ ^ LS JJbi luSJl ^Li ( pJ: ji) vjLi ^1SyLlLl ^L£ll <ji Ai> : 2 Wl 
. ^ US Jkj iu£ll j-ii ^ <JjU1! b* yib JS ( f-ii ji) 

a bub . „ _ be 

^x = c -> -.-x=-c ) — 

b aba a 

< 35* jj^kw^l ,J> ‘—/y# • 3 5jxLl 


da = bc ol» |*| 0* til 

, Lfjliill o^LUll ^ bd j iljUll j ^ ^ ‘ 2 5<tf liJI > lr^ ^ liA J 

. (oyJI) y,Sl j-ii JJ C*i>Jl ^ ^ J : 4 Sulill 


Six* = 25 C)i a*D i^ 1 gtj 1"!* ‘ 9x2 ■ 5 u 1 * !i ! 1 ^ ^ J*> 
( i xydJ Oii>Ji * JS £»j o*i) ix*^ CH Jttjto ^ ^ y 
2 I 1 tfjftttll fLAI-lf Iaa Cilpj u5*jj . 3x = Vs x>J 

. *jjb! >3l j>5l J! J> 6* jja> x>i Jii : 5 

*L»^8 f 3;i^)^l tr ii^j^^5^l.i*c^j * a -^-8 s0 ^ i 2 -6x = 8:^i 
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215 m/s i 480 mi/h (i) 
1.34x10 "a 

< x jj^JI 69.4° i^lji 2.60 m/s (1) 

3.40 m/b ( v ) 
i 0.85V cm/s (u) i 1.00 cm/s (I) 

< -1.00 m/s (J) t -0.400 cm/s (_») 

0 cm/a (-») 

11.2 s 

j^AJI ol>ol j 32.5 ui/rniu j 0 i 16.7 
v a - -7.00 cm/s k v A - 20.0 cm/s . t m - 7.30 cm/s 
59.1m 
0.970 m/s J 
,r = 128m < a = -2.19 m/s 2 
ty = 0.103 uii/s t u = 2,10 x 10“ 2 mi/b 2 
a = 6.9H x 10 17 m/s 2 1 U1.79 x 10' 10 s 
1.88 x 10~* s < a = 5.85 x10 s m/s 2 
5.60 m/s (i-i) . 1930 m (I) 
20.3 8 (y) ; 106 8 ( i ) 
a - -3.72 m/s 2 
v f s 12.9 m/s < y- 8.54 m 
1 ;^= 29.2 m/s . < = 1.09 3 
o f - 24.2 m/s i i = 3.37 s 
/t 2 s 143 m j /i, = 191 m 
0.434 s 
115 m 

25.8 s. 4.23 x10 s ui 
20.8 mi ; u>JI jUi 77.0° 62.5 mi/h 


83.3 m/s 
4367 ft 



9,10m 
13.9 » 


OlljJl J-oaJI 

29.5 m/s < 157 N 
4100 N (w) i 3.03 m/s 2 (i) 
325 N 

770 N (y) i 706 N < i) 
2506 N 

\ 

l 



< 3.16x10 7 S( V ) i 26.8m/s(l) 1 
666.7 ui/rniu (.») . 4921 ft (j) <. 402.3 m (_>) 
i 2.26 x 10 " 6 m (ui) 4 6.28 x 10 4 m (I) 3 
1.358 x 10^ m ( i) * 3.33 x 10"* m (_*) 

3.00 x 10 1 m (.*) 

1.31 xlO ' 1 5 

4 (ji) 4 2 (j); 3 &) i 4 (y) i 4 (i) 7 
5.83 x 10 9 9 
152 in 11 

. 1.17 x10 s ( V ) 4 4.0 x 10 18 (i) 13 
2.96xl0'*( j) 4 6 x 10® (_*) 

. jj^ll V y> 26.0“ 4 oISjlf 7 15 
. -jy* 64.0“ 4 yv 128 17 
, jjJl JLi 32.0“ < 1420 km 19 
203 ° } 23.0" 21 
, jjJJI V JJ4* 46.0° 4 553 m 23 
. wjaJI ' r >y> 61.0“ 4 #)1»> 128 25 
. ijill JUi 32.0“ 4 1430 km 27 
By = 28.0 m j B, = 48.0 m 29 
4 A y - +0.560 cm . A, = -0.930 cm 31 
A, = 4-1.15 cm 
jJjll £. 35.0° . 135 m 33 
w^Jl 10.0“ BC — 697 mi 35 
AC = 571 mi 


3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

1 

3 

5 

7 

9 
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7 , 1 = ^ = 90 . 0 N<r i * 205 N( v) . 


1072 N 7 
0=22,7° 9 
50.0 N 11 
r R = 862 N i T l - 650 N 13 
W a = 193 N , IV, = 230 N 15 
W 3 = 639 N i = 489 N . W r , - 1128 N 17 
Tj« 600 N . T, = 7’j * r 4 = IVj ■ 300 N 19 
• T TO = f303N.m i T w = +120 N.m , T 9 o = 7oi> 21 
T S(I = 150 N.m 

2.83 m : 2.00 m . jLe i jLb l 2.00 m (i) 23 
+2.83 F s , +2.00 F, . jLi < < -2.00 F, M 

400N 25 
t s 2.00 x lO^N.m 27 
120 N 29 
7 , J = 293N J 1V 1 -253N 31 
4000 N 33 

V ■ 140N j //- 822 (y) < T= 1987 N (i) 35 
6.00ra 37 

V * 2491N j= -320 < y > > T= 1987N (i, 39 
9=21.8° 41 
«) = W|1 f (L/26)) cos 0 43 
23.4" 45 
1512 N 47 
1.13 m 49 

70.0 J 1 
8222 J 3 
720 J 5 
4.00 m/s 7 
3528 J 9 
1868 .J 11 
0.134 lip 13 
12.0 W 15 
4662 N 17 
0.239 m/s 19 
1.31s 21 
4.00 x 10 6 J 23 
89.4 m 25 
0.777 i 90,000,1 „ 70,000 J 27 


-2544 N 11 

F--W (y) i ijco jjL* ijfil Ji »yUI jl» (i j 13 
-5645 N 15 

* 2970 lb (_>) v 132 lb (y), 2.21 lb (i) 17 
1.00 lb (j») t 2000 lb ( j ) 

58.2 N 19 

98.0 kg j (y) l 160 N (I) 21 
37.B N (.*) ; 69.4 N(y), 47.0 N < 1) 23 
if* 21.8,10.3 j 19.7N(i ) 25 
a = 4,95,5.15 j 2.24 m/s* (y) 

. Jl£>l (j* p = 0.800 27 

35.3 m 29 
71.9 m 31 

-2,05 x 10 s N 33 
o * 36.1 m/s 3 35 
107 m 37 

= 15.8N j «-5.27m/s 2 : JISw ^ 39 
T »1G.8N j a- 2.04m/s 2 . 

, T- 11.8N i a = 3.62m/s 2 (l) 41 
T = 15.6 N i a - 1.63 m/s 2 (y) 

/ = 0.821s . T = 163 N 43 
t a 0.980 r i 7 1 - 0.268 N 45 
a - 2.07 m/« 2 < T = 2.82 N . T= 0,892 N 47 
F-{M+m)glii 49 
3.49 m/s 2 (y) < 13.8 m/a 2 (1) 51 
H = 0.363 53 
T h = 2.70 N j T f = 4.85 N (f) 55 
T b = 7.23 N j 13.0 N (y) 

T b - 0.550 N j Ti = 0.9990 N (.*) 

<V0N jT,s0N ( j ) 

T b - 2.70 N % r, = 4.85N(j») 

5.39 m (y) i 46.4 m (i) 57 
o = (/<cos0 + siii% 59 
a = 8.70 m/s J (y) . F N - 14.2 N (i) Cl 
a = 0 m/g* (y) t F N » 46.2 N (_*■) 

mi = 0.107 kg 63 

J-uil! 

Ti - 25.0 N j r„» 60.0 N 1 
. a jj**'! ^ 260° 400 N 3 

r i , = 7’ s = 90.0N < 7', = 180 N {1) 5 
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V ■ 0.03511> 0 27 

jl k - 1 jj* L> AKE/KEa - 4 kl(k + l) 3 29 

f = 65.2 s 31 

28.8 cm S3 
/ = 26.1s 35 
y^t jUA 56.0'’ v * 0.721 v 0 37 
ijj^l ill ^jLwJIj «( v 0 I2 , y^/2) 39 
. yJUli jjjkJI c**j 27.6° v 3.48 v 41 
. jjAJl JLA 29.7° 20.2 mis 43 
1 = 854 a 45 
4.05 m 47 
V=fgUK 49 
178 N (v) < 38/8 m/s (i) 51 


3006 W 29 
1.62 x 10 5 J 31 
0.600 8 (y) i 900 N (1) 33 
17,640 J 35 
9.80 J 37 

93.4 hp( v ) » 1.86 x 10“ J (I) 39 

4.43 m/s 41 

14.4 N 43 

13.3 N 46 

2925 lip (_►) < 0.940 (y) . 83.8 x 10 7 J (I) 47 

7.66 m Is (_*) i 1.27 m (y) 4 10.0 m (I) 49 
54.1% y 0.541 51 
v c = 7.81 mis ; u B = 10.0 m/s 53 
5.94 mis 55 


£ Ul J*mJI 

241° (_*) i 152” (y) * 0.559 rad (i) 1 
5.24 x 10' 3 rev i 1.89“ t 0.0329 rad 8 
0.105 rad/a 5 
44.6° (y) i 3.46 rad/a (1) 7 
4.53 rad/a* 9 
0.688 rev ( V ) i 0.00284 rev/s 2 < I) 11 
1.03 rev/s 13 
400 cm/s 15 
22.3 rev 17 
1.15 red/a 3 19 
i) r = 0 (y) i 463 m/a < t) 21 

15.8 m 23 
2527°a 25 

63.9 rev (y) ; 125 m (i) 27 
87.0 m (y) . 221 rev (i) 29 
Hl/5rev . 1.85 rad/s 2 31 
17,040 N 33 
1.07 35 
0.340 rev/g 37 

17.1 m/s 39 

16.2 m/s 41 
1.14 xlO' 14 i 1.86 x 10 4(1 N 43 

0.314 45 
RJR S * 0.270 47 
1.87 x 10 37 kg 49 
3.18“ 51 


19.2 km/gal 57 
UUl J 67.0%(j».) 4 21.3 (y) 4 14.3 ( I) 59 
IMA = 9.44 4 AMA = 8.40 61 
0.590 hp 63 
0.0399 N (y) < 339 N (1 ) 65 
7.78° 67 

4 -9.25 J (_>) 4 21.2 J (y) < 70.1 J(l) 69 
19.7 J ( j ) 

470 kJ (y) i 480 kJ (I) 71 
8.97° 73 

^jUI J«aa}I 

^kl J| 9.33 kg.ra/s (y) < ULi 35,625 kg.m/a (!) 1 
. \!ijl 6.53 x 10* kg. m/s (->) 

3 

KE=p 3 /2m 5 
28,500 N 7 
-7236N 9 

T = 7.95 x 10‘ w N i Al = 9.04x 10 11 a 11 
F-0.0546 (y) 4 giJi = 0.05461 N.1 (!) 13 
V s + M t ) 15 
jki Jl 12.0 m Is 17 
F = 0.0319 N (y) 4 w = 0.141 m/s (!) 19 
< v„ = 16.4 m/a i = 34,8 m/s ; = 16.4 m/s 21 

v d a 60.4 m/s 
m 2 = 1.45 m, 23 
v r a 14u ft /9) u, = 5a fl /9 25 


/ 
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ijJjDI olj JiUl 4^v| 


VwLiJI JtfiJ! 

0.867 g/em 3 1 
90,0 kg 3 

58.9 g 5 
. UUl J 31.6 7 

1750 kg/m 3 9 
0.860 in 11 
3.51 x 10" N/m 2 13 
6.54x10-® w 16 
1.62 x 10 6 N 17 
4630 Pa 19 
8.33x10® Pa 21 
AV/V = 2.70 10* 28 
503N 25 
1.18xl0 6 Pa 27 
102 kPa 29 

Wll j 0.740 ( V ), 1.61 xl0 7 Pa (i) 31 
6.00 m 33 

11.5 cm 35 
99.4 kPa 37 
1,41 N 39 

10.3 m 41 
P/W i 272 43 
0.0677 N 46 
0.872 g/cm 3 47 
964 kg/m 3 49 
750 kg/m 3 51 
7066 N 63 

23.9 g 55 
0.152 kg 67 

<?/<?„ = 16.2 59 

21.5 cinVs 61 
0.278 cm 3 /* 63 
0.361cm 65 
22.8 kPa (u) i 39.9 kPa ( t) 67 
611 kN 69 
4 .91 x 10 4 Pa 71 
222 m h 73 
0.0409 m/s 76 
459 m/a 77 


30.3 h 53 
2.57 N 55 
4070 N 57 
2.57 rev/s 59 

0.339 J 1 
49.3,1 3 

2.83 xlO*N,m(y)« 1,67 x 10 -2 J (i) 5 
0.500 rad/a 2 7 
12.8 kg.m 3 9 
107 N 11 

12.6 s 13 

22.6 rev 15 

3.26 m 17 

4m(a ! + ft 2 ) (-*) ■. 4m/) 2 (y) < 4ma 2 (i) 19 
Ma* + 2m(fl J 6 2 ) 21 
3Mfl ! /2 ( V ) < 2M/f 2 (i) 23 
ML 2 /9 , UL*I 3 25 

70.7 J 27 

22.2 J 29 
0.302 N 31 

324 J 33 

T-0.577 N v 1 = 0.0153 kg.m 3 35 
0.650 J (v) < 3.61 rad (I) 37 
7.46 rev/a (y) i 8.05 rad/s (i > 30 
5.87 rcv/s (y) i 2.21 m/a (t) 41 
1.45 cm 43 

13.3 J 45 

v, } u d = UB-Jgh , u ( -1.20 {gh 47 
. jd J! 5/11 

11.3 kg.m 2 ,a 49 

27,8 rev/s (y) i 0.600 kg/m 3 (i > 51 
43.3r*v/min 53 
3v„ <-*)« 2v 0 ( V ) i 4a a /3 (i) 56 
5.81 rev/min 57 
1.00 x 10 lu ( 2.91 x 10 - ® s 59 
AKE/KE = 2m(M 2m) 61 
a>=28.4 rad/s < v = 5.71 m h 63 
4.52 m 65 
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Lj ijjJl alj J1UI 


296 kPa 57 
732kPa <^) i 6.45kg(l) 59 
. I> 1.40 61 
652 m/s k 64.1 kg/m s 63 

jjUII J^aJI 

49.7 U 1 
9193 J 3 
25.1 U 5 
835 y 7 
29 rc 9 
1.84 k 11 
1.79 x 10-* g 13 
17.2 k 16 

£7*7’= 12,4 17 
2.30x10*8 19 
1626 m 21 
i = 0.0208 23 
AZ. IL = 8.75x10"' 25 
1.13 cm 27 
757° C 29 
AV=27.0x10* cm 3 31 
L,fL t = m 33 
3.21 x 10* J 35 
1.15x10* J/b 37 
57.3 W( V >. 58.3 W (i > 39 
354 K 41 

0.1640 m\m (m> .0.0175 m 2 ,K/W (I) 43 
AQ/AjT * 1.974 A T (y) « AQ/AT = 0.2525 AT < 1) 45 
AQ/AT = 2.857 AT (_>•) 
165* C (y) i 170" C (I) 47 
473°C 49 
KF<- 51 

0.0577 * C 53 

ji*. jjlSJI 

737 y 1 
6.13° C 8 
W CA = 1032 y 5 
AQ= 167J (y) i A17 = 0(1) 7 
6.27 x 10 3 krnul ( 0.251 g 9 


7.10x10'^ 79 
wi: ua : wa = 1 :4:9 81 

1.20 x 10"* m 63 
3,18 x 10* N 85 
77.65 emHg 87 

;Pj Pi = 2845 45.0<r,/r 2 )*Pa(i) 89 
. ( I ) ,>ll US (y> 

. .Ill cPa-SOON 91 

, jjUl ^ jtS\ pij ciiu i IV - 3.65 x 10* N 93 

j*UJI 

944" F (_*) < -18.4" F (y) i 296 K (I) 1 
20.28 K< -473.17" F 3 
» T 4 = 907.88°F (y) « r i „ = 193.1M , C(l) 5 
7 m = 379.47“ F 
T, = mK * T a = 331K 7 
474 K = 474° F 9 
2.82 x 10 M kg 11 
.ifo. 3.86x10” 13 
.fy* 2 . 68 x 10 * 15 
W=1.03xl0“(y) 4 7.67 x 10““ kg < i) 17 
30.0 k 19 

. b>Ul d*-iljfJl G 6.0 kg 21 
34.9 K/mol 23 
V = 2.61 V n 25 
ly) 9.40 27 
7yr, = i.5o 29 
( !), > JI^U5(y) 4 927*C(i) 31 
73.1 kPa 33 
10.6 cm 35 
1.72 m 3 37 
1,43 kg/m 3 39 
1827°0 41 

6.21 x lO ' 31 J 43 

901K 45 
P= P ; l /3 47 
1.94 x 10" M kg 49 
2214 m/s (y) 4 8.14 x 10" SI kg (i) 51 
3.92 x 10* Pa (-*) 

148 kPa 4 24.6 cm 53 
20.0 cm iy* 55 
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4^j jiJI olj JiUI <U>| 


3.74 x 10 4 J 
24.0 m/s 4 (y) < 1.10 m/s (.1) 
24.6 m/s 

< 1.05 m/s 2 (y), 11.3N 'iui) 
a - 0.750 m/s 2 . v = 0.147 m/s (y) 
3100 m/s (y) < 0.229 m/s 4 (v >. 0.229 m/s 2 < I) 
2.03 cm (y) < 2.17 x 10 4 N/m (i) 
f-MtiJAYILm 
% .y„ e 9.40 cm (y) t Jk * 7.63 N/m (i) 
T = 0.924 s ( j ) < /’= 1.08 Hi (y) 
. x(f) - 0.0295 cos (6.740m (i) 
v{t) = -0.199 sin (6.74/) m/s 
» m * -0.0287, -0.0265 j 0.0180 m (y) 
i?(0 = 0.0451 ,-0.0878, -0.158 m/s 
t = 0.312 s (j)»( = 2.80 s (_>) 

i,,/Lj=0.111 

g n s 9.8004 m/s 2 , = 9.7516 m/s 4 

13.5 N/m 
7.60 Hz 
5.77 xlO M Hz 
1.80 s 
116 N 
118 N 
1300 N 

96.7,193.3,241 , 290 Hz 
l, s 2L/5 (y) t 550 Hi (!) 
m (j -344K(y.)« m 6 =495g (y); m 4 » 774g(I) 
2.95 x 10 4 N/m <y). 49.7 J < f) 
0.348 Hz 

, 12h JS 2.59 s ijLylWiJj ; (>$S ) ^ i*U1 

>i)l 

1870 m 
0.642,1.89 j 0.219 m 
343.65 m/s 
1434 m/s 
22.1 OPa 

, jrtt jUiVi ilt Ji, f I 192 Hz (y) ; 5.20x10*8 (i ) 
. ttll J 0.227 , 17.0 W/m 2 
66.4 dB 

1.80 x KT n W (y) . 2.00 x 10 -41 W/m 4 (i) 


2580J<y) i 3850,1 (I) 11 
721 J/kg.K 13 

103 U 15 

A(^ = -6630 J 17 
C v * 3.57 ft i C, = 4.57 R 19 
Q - 8392 J : IV = 2405 J , A U - 5987 J 21 

Ml - 3788 J i AQ - 1660 J . W = 3156 J 23 

106 U 25 
Vj/ V, = 1.61 27 
1.60 atm , -153° C 29 
Al/ = 0(y> »<} = 539 kail < i) 31 
WIQ - 0.219 i Al/ /Q = 0.781 33 
W/Q = 3.19xl0r® 35 
y= 1.41 (y) i M = 22.6 kg/mol {i) 37 

oJIjJI J*k)l 

( (1H,2H) i (011,311) : jj> 4 JL» (i) 1 

(3H,0H). (2H,1H) 

0.375 (y) . 0.125 (y) 
li£u 64 xtyt (i) 3 
5 tjjJ fyut* JyA*JJ JjJ* 6 yu (y) 

OjjJ j-1^ j;]> 3 \ 0,09375 'jijji 

7 j_» jJA‘S'1 s^>Jl • 0.06488 Ujj o!U>L 11 
. 0.1875 <lJUi>lj 8 ,i 
1.13x 10 ,B (yf) i 32(y>; 8(i) 5 
15.8 J/K 7 
-0.339 J/K 9 
24.7 J/K 11 

« 4.13 x 10* 23 J/K (y), 2.22 x 10* 23 J/K (I) 13 
S - 0 (y) 
0.607 16 
6.05 x 10" J 17 
1.56 19 

, 0.240 (y) i IV - 3855 J , Q = 3886 J (I) 21 
0.500 (_*) 

1.60 23 
4.47 (y)> 7.81 (i) 25 
jUi Tj, = 373^ T|f= 273 27 

0.871 <y) i 0.505 (y) i 0.490 , 0.250 < 1) 29 
$2.18 (y) . $8.72 (y) . $4,63 (i) 31 

j* ^ 

A=9.60cm(y) i T = 5.12s(y) i/-0.195Hz(i) 1 


3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

1 

3 

5 

7 

9 

11 

13 

15 

17 
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LiL>j 


. jUil yJU . fij^D t iijjiSii 1 ^ 1.44 X 10"* N/C 27 

, l*a!i;t y* <Jlii j 26 19 

• jj 3 ^ 1 u* lj #*< 

3.16x 10' 1 ° W/m ! 21 

80,0 kN/C (uj) » 405 N/C < 1) 29 

5.22 x 10“* J 23 

5.38 x 10 1 N/C (y) t £ s 0 (1) 31 

3.16 x 10"®W/m J 25 

Xjyug -77.8“ ok 2.86 x TO 6 N/C 33 

40.1,80.2 y 120.3 Hz 27 

.vjAl'jxi 2600 N/C 35 

x * 5.00 i 10.00 cui (y) ( x = ±10.0 cm (1) 29 

. a j^JI oLfsJL i 6.32 x 10 u m/s* 37 

n ■ 1,1,2,3,.. ^ * r 2.30 + (0.1050 + 0.210n) m 31 

9 = 0.817 f£ 39 

9= 12.9" (y) . = 0.445 m (1) 33 

E = fmg/ql tan 9 41 

0.700 Hz 35 

1.72 mC 43 

* fj - 376 Hj i /j = 188 Hj : 'oyii oulSu 37 

2.00 fiC j 5.00 ftC 45 

: l»ii jeijkl 1 i>l ,> i>uill - 564 Ilj 

0.144 N( V ) ; 1.62 N (i) 47 

fi - 470 Hj i /j * 282 Hj < - 93.9 H, 

5.13x10“ N/C 49 

1,05 m 39 

E *0 51 

747 Hz j 581 . 415 , 249 < 83.0 (1) 41 

. -a ^ ( & = 9.13 x 10 4 N/C 53 


y = (- eE/emevh )x 2 <y> i y = {-dilimJt 1 (i) 55 

10.0 Hz 43 

. jjjSjy , 5000 N/C 57 

17.9 m/s i 16.2 m/g 45 

E y *2kqytf>y i i sl2 59 

f fM‘f =/•(') 47 

jM vLJI Jm9aJI 

16.7 m la 49 

2831m 51 

-54.0 J i *54.0 J 1 

9, ■ 4.00'* . 14.3 53 

-4.00 x 10'“ N (y) , 2.50 x 10* V/m ( i ) 8 

«= (23.0 + 2.15)° C 55 

2.31 x 10 s J 5 

50,4 m 57 

480 V (j) . -400 V (_*) ; 0 (y) : *320 V (i) 7 

37.8 m/s 59 

-5.27cm (y) < 1,46x10*8(1) 9 
6.91 fa (y) i 2.68 10 b m/s ( i) 11 


1.67x10* V/m 13 

1.18 mC (y) < -1.28 mC (i) 1 

i> = ^ + 1.92xl0‘V 15 

1.15 x 10 M (y) i 0.188 N ( 1 ) 3 

0.712 V 17 

-x »M > 4.80 N 5 

7.75 x 10 5 m/s 19 

</2 = 2.62 ftC j </i - 4.48 fiC 7 

6.92 x 10 8 m/s <y) , 4.00 x 10 ‘ 14 J ; 250 k«V < 1) 21 

. ^1^11^7 = 0.890^ 9 

0.0060 J 23 

5.17 pC 11 

10.4 MV 25 

-x iM J -1.50N (1) 13 

3,42 MV < 3.42 MV 27 

+x J 0.906 N (y) 

28,2 eV 29 

-10.5 N 15 

6.36 x 10’* V 31 

l5pC d>*iJ! ^ 5 jJl jiiJl 80.8 N 17 

-4.80in 33 

, J-tfSl iiil 

-22.5 V 35 

1 yj itfjljll 1 1 nl» 39.0 N 19 

0.200 jiF 37 

-75.0 C 1.50 N 21 

1.50 fi? 39 

x jjjs* 26.4“» 7.02 x 10 8 N 23 

4.03X10-W 41 

7.90x lO^C 25 
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0 . 18 a A (-) i 16.5 fj (i) 41 
0.0394 A ) 0.158 43 
9.60 V 46 
0.335 A (y) i 0.764 A (1) 47 
0 ( j ) < 0.0880 A (jw) i 0.439 A (y)i 13.67 0(1) 49 
h = -0.943 A j /i = 0.643 < li = 0.300 51 
-12.0 V (y) t h = 3.00 A } h =0 » 7i * -3.00 (i) 53 
12.0 V (,*) 

h = 0.140 j li - -0.145 I\ - 0.0050 55 

6.53 0 57 

11.3 V 59 

33.7 V no < 33.2 kfl (y) * 40.0 V (1) 61 
15.5 A 63 
24 65 
100 W 67 
9.81 A 69 
0.800(1 71 
8.70 V (y) » 2.00 0(1) 78 
ulixi 75 

36.0 Oj 4.00 0 77 
90.0 0 79 

0.165 W(_>) < 2.31 V(y)» 7.31 V (1) 81 

^jLJ! J-saJI 

0.0525 N 1 
4.50 N 3 
3.60 x 10"° N (y) < 0 (1) 5 

3.53 mA 7 
0,784 T 9 

Axi* 0.0976 N (y) j>*JI (Ltd* 0.219 N (i) 11 

(0) (_»-) +2j«- 

-* :y J\ 4.80 X10' 16 N (y) t 0 (1) 13 
+x ^ 4.80xl0’ i6 N(-*) 

938 T 15 

-t j^aJi 1.15 x 10' 17 N < 1) 17 
2.30 x 10 17 N H-) t +2 jixulj 2.00 x 10 17 N (y) 

+* m -30.0 vjlj Je xy jjU, J 

jiH* (y) ; 2,56 x 10 14 T (1) 19 
~y jIjujL 8.o4 xlO^T 21 

17.4 cm 23 
2.40 m 25 


57.3nF(y) i 6.37nF(i) 43 
3.39 x 10 * m 2 45 
3.00 47 

108 pC (->); 9.00 V (y) i 18.0 /iF (i > 49 
20.0 pF ( v ) ; 220 pF (1) 51 
4.80 pC j 60.0 pC , 4.44 pC 53 
18 pC jIjJu *U>vJ ( V ) i 3.00 pF (1) 55 

. 3.00 Vj 4.5 V^i«J'3j> 

2.00 57 

2.70 x 10 11 Jj 8.10x10'“ 59 
3.28 pC 61 
6.50 x 10 1 mjt, 63 
1.35 J 65 
-18,000 V 67 

92 ■ 9.00 pC i qu - 3.00 pC * V«* 3.00 V 69 
-1.62 x TO' 10 J (*) t 9.00 V ( V ) ^ 3.60 pC (I) 71 
4-0.1620 nJ ( j ) 

3.88 pF 73 
600 pC (y) < 100 V < ») 75 

^IjJI J^i)l 

^14.50x10“ . 7200 C (i) 1 
0.889 8 3 
0.512 x 10 4 C 5 
0.512 pA 7 
0.400 A 9 
50.0 U 11 

0.480 A (y) . 0.320 A (1) 13 
0.54011 15 
0.3340 17 
4.95A(y)< 0.4130(1) 19 
0.540 A 21 
2.08x10^/0° 23 
270° 25 

144 Q(y) t 0.833 A (I) 27 
2.33 x 10 -11 ra J 29 
2.52 W 81 

6.25 x 10 * 3 kWh (y) < 22,G kJ (i) 33 
$4.90 36 
5.00(1 37 

h = 0.900 A j h ■ 4.50 t /««1.50 (y)»1.30 fl (i) 39 


L 
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VJjill flijVl olj JlUl ioUJ 


8.33 mH 35 

0.430 T 27 

5.67 V W . 3.54 V (y) i 0 (f) 87 

19.8 cm 29 

10.4 mA 39 

KE = 9 W/2m 31 

0.160 J 41 

4.00 T 88 

0.300 T 43 

1.53 x 10 s N 35 

10.8 mJ (_*) i 5.72 mJ (y) ( 14.4 J (I ) 45 

3.24 x 10 7 m/s 87 

8.31 mV 47 

5,12 x 10' 27 kg 39 

0.600 V (1) 49 

2.00 cm 41 

8.31 mV 91 

. JlLVl jjL* £ J4bu, »US?I j 1.00X10 *T ( 1 ) 43 

V = 4,52 sin 240 jtfV 53 

3.00 x Iff* T(y) 

11.8 mT 55 

11.9 A 45 

0.201V 57 

2.09 mT 47 

24.0 A (y) , 100V(I) 59 

4.47 x 10- 3 T ( V ) < 0 (i) 49 

120 V 61 

2.00 A 51 

108 V(y) < 4.80 fl (f) 63 

i 1.92 N.m (_*) i 0 (y) ; 1.92 N.m ( i ) 53 

0.857 V (o) , 7,14 x 10" 3 (I) 65 

H = 2.40 N.m s (_»), 1.92 N.m ( j ) 

500 V 67 

0.0835 £1 55 

76.8 fi 69 

0.20011 57 

1.67 x 10 R Wb 71 

3.01 x 10‘ 19 C 59 

U = + 73 

20.6 cm ( v ) i 10.3 cm ( 1) 61 

3.190* ( j ) . 1.60 A A (y) . oJy 39.9a < 1 ) 75 

0.416 cm 63 

319 m/s 77 

1.30 A 65 


W-Mf/ 67 

jjjiuJIj jjbJI 


8.99 Mil 1 

J^aJI 

45.5 JlC (y) ( f s 0 ( 1 ) 3 

2.51x 10' u Wb 1 

136 A ( j ) t 30.0 pC (_>) t 22.0s (y) • 20.0s (1) 5 

4.68x 10 s Wb (j.) J(u), 5.40x lO^Wb ( 1 ) 3 

gir = 0.86!tyi 7 

1.38xlO^Wb 5 

156 V 9 

5.03 A mWb (_f) i 2.51 A mWb (y) » 0 (!) 7 

* 86.4W( V ) , Vo=170Vj/o = 1.02A(l) 11 

0.0288 V 9 

167 Qm 

1.96 V 11 

64.5 krai » 13.4 U 13 

0.111 mT 13 

320 W 15 

6.40 x 10 * V 15 

120 W 17 

128mV (s_i) < 2.56mT(l) 17 

12.1Hz 19 

297 m 19 

32.0 Hz 21 

Nbbv 21 

452 A .0.271 A 23 

2.00 T 23 

66.5 mA 25 

3.77 V 25 

316 Hz 27 

356 27 

10,000 <*)( 1000 (y); 10(1) 29 

2,40 x 10' 7 Wb 29 

15.111 (y) , 1.5111(1) 31 

1.44x 10 -4 Wb 31 




r 




jjjiwJlj a)£)l JoaII 

0.028 s 1 
1,00 in 3 
2.40 m/s 5 
60.0° ( V ). 70.0° (i) 7 
48 0 Q } 36.0 ; 12.0 9 
0 = 20 11 

j ij^Ji i / s 3.85 nun , i — 13.6 cun 13 
iJjumi Cjjjjij t 7 = 6.00 cm > i - -30.0 cm 15 
2.78 17 
76.0 cm 19 
Lwi» »;*-»)! i p = 4f 21 
p = 40.0 cm 23 

1.67 cm (->?) t 1.15 cm (y) < 0.600 cm (I) 25 
. atjll |»ul p - 40.0 cm (i) 27 
|U*>JI (> yj\) i H (y) 
m - 0.400 j p ■= 30.0 cm 29 
iljwuj k olji' Jtl> i i =-24.2 cm 31 
Af = 0.0303 

A-433nm(y) t 2.21xlO*m/s<I) 33 
7=5,08x 10 ,4 Hz (_*) 

18.7“ K) < 604 urn . 1.92 x 10* m/s (I) 35 
0a = 48.0° = 0i (y) * 01=28.4* (!) 37 
A0 = 0.591° 39 
37.1 n 41 
1.56 x 10* m/s 43 
3.20 m 45 
33.3* (y) < 24.4° (i) 47 
46.0° 49 
69.7" (y) < 40.5° (i) 51 
8.00 cm (y). 1.33 cm (1) 53 
5.40 cm (_*) t 3.00 cm (y); 1,80 cm (1) 55 
Ojij yjuOl (y) i f=- 40.0cm (I) 57 
2.02 cm (y) t 2.96 cm (i) 59 
oyijj SjjJi (y) I P - 4f (I) 61 
2 fn (y) * i/l Los (I) 63 
M = 1/9 (y) ; i = -8/79 (I) 65 
Af = 0.889 «f = -4.44 cm (i) 67 
. (v) 

. iJjiuj . 7=1,05cm i U-11.5 cm 69 


39.8 mH 33 
120 Hz (y)» 36.5 mH (I) 35 
4.79 A 37 
72.9 V(y) ; 0.824 A (1) 39 
531 Hz 41 
2.88 W , 0.120 A 43 
128 mil 0.0500 A 45 
176 mH 47 
1.49 H jl 1.89 49 
jy»JI Jyj jlyll (y) t 69.0" (1)' 51 
194 W i 70.7 mH 53 
27.4 W 55 
1.17 mil (y) . 17.6 mF (I) 67 
1600 £2 (y) < 79.6 Hz {i) 59 
25.3 pF J| 2.47 61 
60.7 mA(y) i 118 Hz (i) 63 
8.84/iF(y) i 180 V (i) 65 
0.960 H < 1820 67 

jiiili >i)l 

6.00 x 10* in 1 
556 mJ! 188 3 
5.45 x 10 u Hz 5 
75.0 km 7 
6.57 m (y) * 45.7 Nhz (i) 9 
0.4580 pF 11 

. i^U,! «iu>y & (y) i 8.50 V/m (1) 13 
. 4_>lj uu' : i \t (y) i 5.33 pT (1) 15 
3.00x10* V/m 17 
, B = 2.67x10 13 cos (6.00 xl0*°f)Ti 19 
A = 00314 m . f =9.55 GHz 

203 /zV 21 

Bo = 2.43 x 10 -6 T i Eo - 729 V/m 23 
Bo = 3.35 x 10 * T t Eo = 1005 V/m 25 
E = G.49 x 10 -4 sin(8.80 x 10* 0 V/m 27 
fl = 1.83x10 12 sin (8.80 x 10«« T . 

< 3.59xlO - *m/s 2 W/m J (l) 29 
Bo = 1.73 x 10'" T > Eo = 5.20 V/m (y) 

0.368 W/m l 31 
48,6 W 33 
4330 m 35 
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igj>li r li>oUj>UlM*! 


3.75 mm 1 

34.6 cm 3 
80.0 cm 5 

19.6 cm J] 20.7 j» 7 
84.0 cm 9 
. ljplfll6«U0cm 11 
0.170 cm (u), 7.00 cm (1) 18 
1/25 15 
/•= 6,25 cm 17 
3,125 19 

Lyjii (y) I t = 40.0 CU1 ( i ) 21 
3.81cm 23 
M -113 25 
M = 12.5 (y> i po -10.0 cm (I) 27 
H t ■ 20.0 29 
11.0 81 
24.0 33 
20.6" 35 
1.60 37 
Ar = 0.193“ 39 
D - 40.9° (y) . ri * 40.7* (i) 45 
/■=-37.5cm (u) ( jtui-rf(i) 47 
20 = 2.47 c 49 
1Jh-G2b i h = 25.07i (I) 51 
5jjJI i >Ji fUi ic = -60.0 cm 53 
M -1.33 

^jLJ) JrfAJI 

jI*** 1 ^ j*-i 1 
0.700 min } 1.70 m/a 3 
4.00 iu/b (y) < 1.20 m/s (1) 5 
0.962 c 7 

iiJjJ' iJuj 32.2 (y) . tfjixl 1 ji 67 (i) 9 
0.943 c 11 

. I^2.20xl0 3 <y), lij|960(i) 13 
2.82 xlO' 9 s 15 
6.05 m 17 
1.58 m 19 

2.05 x 10 7 s (y) < 3.77 x 10 7 s (1) 21 


267 cm (y) i 101 cm (I) 71 
53.2 cm 73 
m = f 75 

i! i»--j . SIjil pUi 200 cm 77 

-180 cm j 120 < x = -60.0, (!) 1 
-150 cm j -90 . x- -30.0 (y) 

80.0 m 3 
A a 15.0 In cm 5 
3000 m 7 

Os -1.72° ( v ) < 9.i B 1.03 s (1) 9 
4.50 m (y) ; 3.00 m (i) 11 
3.13 m 13 
1.51m 15 
>-> = 1.80 mm 17 
86.5 nm 19 
n/= 1.86 21 
1.25 fuu 23 
258 nm> 85,9 25 
3.52 /sm (y) > 4.91 jon (i) 27 
179 nm 29 
481 nm 31 
77.6 s (y) . 1.94jot (I) 33 
9.41“ (y) * 3.97 s (i) 35 
20.7“ 37 

47.6 j 29.5 r < 14.3 s 39 
0.255“ 41 
5.89 mm 43 
1.20 mm 45 
S^OxlO^m 47 
/ = 0.413//i 49 
Io* 1.70/ 51 
Og = 57.0“ 58 
cot 6a = sinfli 55 
«s = 31.7 c 57 
,(l).>llyL*(y)« 448nm (f) 59 
885 nm } 590 t 295 (I) 61 
G66 nm } 444 . 222 (y) 

6.56 cm 63 
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*0J ji)\ o'j Jim 4 jL>] 


n« 4.77x10 10 mu 

5.00 0 - 4.29x10 ,8 )m 

U 2 — 0,00365c > Ui — 0.00729 9 

0.999 c 

3.40 eV j 13.6 11 

0.328c (y) . 0.0342c (1) 

rj = 1.06 x 10'*° m > n s 2.65 x 10'“ m 13 

0.9938c 

n-6.71 x 10“m(y) <-84.9eV(l) 15 

1.20xl0 w B(y). 9.00x10“'1,(4) 

122 eV (y) t -13.6 eV j -20.6 . -122 (1) 17 

. oLtfl If IL . 6.36 x 10“ J 

1646 eV 19 

2,63 eV (y.) < 1.30 «V <y) t 2.48 x 10 8 eV (1) 

Aij/Au* 1.002 21 

124 «V ( j ) 

Xi = 1875mn j<k=820um 23 

. * 1^1 o*j (y) . 3.17 x 10 4 nm (i) 

2.86 eV 25 

4.67 x 10 “m 

97.2 mu j 102 .122 : *L*ULL 27 

2.87 eV 

486 nm } 656 : jLL iLL 

u. ,1‘Ji jji (y) . 262 um (i) 

1875 lull ; aJuL 

7.16 x 10 5 m/8 

24.3 nm s 25.6 i 30.4 29 

A=6.18xl0 14 Hz (y). <p = 2.97 cV (I) 

3.62 eV 31 

; 1.84 x 10 15 H?. (y)ih 163 nm (1) 

93.8 nm } 94.7 . 96.9 • 102 .122 : ^ ILL 33 

<->) 

410 nm j 434 . 486 . 656 : ^11 ILL 

2.73 x 10" 27 N.« (y) . 1.36 x 10 77 Nj (1) 

2627 . 4050 j 1095 nm 3 1280 1 1880 :,>iL ILL 

3.22x10* m/s 

7470 nm ) 

1,17 x 10 ' 24 kg.m/s (y) . 0.80243 nm (i) 

50 (y) . 18 (() 35 

3.54 x 10“ m 

1-0,1,2^1*50 37 

1.24 x 10 “m 

6 . 3 39 

41.9 mV 

50 £*) . 32 (y) i 18 (i > 41 

17937" C (w) . 6.23 um (i) 

9 43 

0.353 nm , 0.530 * 1.06 (1) 

6.74 pm 49 

12.1 eV j 5.37 < 1.34 (y) 

0.0226 nm (y ) . 45.8 eV (I) 51 

3.07 x 10 ' 10 m 

0.0786 nm (y) . 0.0184 nm (i) 53 

0.359 eV <. 5.74 x 10 " 20 J 

X =0.395 nm . AE =3142 eV 56 

0.117 eV 

8.58 cm 57 

1.09 x 10 8 m/s (w) . 9.95 x lO " 28 kg (i) 

2.54 xlO 74 59 

Afi = 41G keV < bp ^ 1.06 x 10 20 kg.m/s 

/i-4J[n-7(>* JUU'jII (1) 61 

3.30 x 10 ' 1 eV 

n = 4 J| n = 1 ,>(y) 

9410 

. 72.5 . 193 Jl>5U Lcl cUk dtfl ^ ^ 63 

1,46 x 10 s s (y > < 2.05 x 10 6 8 ( 1 ) 

, jl'j J5L ^yJli li*Jj jy . 38.6 

2.10 x 10 8 m /8 ( j ) 1 3.07xl0 ,8 m(^.) 


0.125c 



t R - 2.89 x 10 ~ 18 m («*)»JV * 7 (y) . Z ■ 7 (i) 1 

jjjitfJlj ^U! J^sill 

p ■ 2.29 x 10 17 kg/m 3 ( j ) 

125 m 

«Cu 3 

4.74 x 10" u m (y) k 3.27 x 10' 25 kg (i) 

27 f ^l 5 

2.82 x 10 “ m 

191m 7 

t Ti = 2.12 x 10'“ nm . n - 5.30 x 10“ nm 
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25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

(il 

63 

65 

67 

69 

71 

73 

75 

77 

79 

81 

83 

3 

5 

7 




jilt flji\ Cili JiUl 4ft?! 
ang 2.64x10"* 45 


230.03321 u 
W JI '6y olL y 0.090 MeV 
3.00 McV U_)ijju i£j» lilt ^U>y ( *1 
2.64 MeV U ijAII iilLH 
1,83 x 10* 1 C“ ( u) i 6.75 x 10 14 J ( 1) 
) 218 • 222 ov'j< 226 f ^lj . 230 f>w i 

214 ^L.j 

1.63 x 10' 14 g (u) 4 98.5 mCi (1) 
2.09 x 10 * g 
0.243 fjg 
1038 Gy 
2.50x 10 4 yr 
47.5 yr 

$1911 (o) ; «.6l)xl0' fl J(i) 
28.321 kg 
H- 9.89 x!0 fi m/s . v-0 
18.4 MeV . 4.03 MeV 


0.452 m 9 
1.99 u 11 
11.5 cm 13 
39.1 kg/mol 15 
23 *U: 0.700% < 238 U : 99.3% 17 
. UUL 0.945 19 
Ityjii 7.68 MeV 21 
10.84 MeV 28 
302,40 McV j 274.91 MeV 25 
. uniJt j j if 42.4 27 
. Sly 1.41 x 10 7 (y) > 2.61 x 10"* s' 1 (t) 29 
UjiJi j cuii 1.01 x 10“ 31 
175 pCi 33 
1.00 h 35 
8.46 h 37 
1.24 x 10 3 liq 39 
144 i 4 f yl* . 233 41 

223 lj> < 209 oyj* 43 


47 

49 

51 

53 

55 

57 

59 

61 

63 

65 

67 

69 

71 

73 

75 

75 
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Mathematical Form 

^ Jii 



Precision 




Limiting Precision 




Precise 

- -Itu-e 



Scientific Method 

<M\ iLjkll 



Inaccurate 

*»■>> 



Reproducible 

5jU 1-5U J<li 



Reproducibility 




Law of Sines 

yj*>J! uyllj 



Law of Cosines 

r U' v>s* Op 15 



Physical Law 

UP 15 



Quantitative Law 




Candela 

^ (Hjjls 



Essential Quantity 




Scalar Quantity 




Vector Quantity 



Dimensionless 


Dimensions 

jU 

Basic Principle 

j- lI L. 

Displacement 

WJ| 

Vector 

<*** 

Resultunt Displacement 

LLaX l*ljl 

Component 


Experimentation 


Rectangular Component 

tJjUU iSjt 

Quadratic Proportionality 


Quadratic Equation 

( 4^11*1 L>jJ ,> ) #j> ILIm 

Inverse Quadratic Proportionality 


Linear Equation 

( J^ll Ljlu 

Linear Proportionality 

() >^ V- 1 "' 

Conversion Factor 

Jsy^’ 

Inverse Proportionality 

^vwtL- 

Speed 

kjJl jIjxi < ‘6j >Jl Jam 

Limit of Precision 

ilUJI j» 

Magnitude 

jIA 

Property 


International System of Units 

(Si) jiuji f iyi 

Error 

tu 

Theory 


Statistical Error 

J> A»] tk» 

Units 

*la>y 

Systematic Error 


Derived SI Units 

ttl&li SI 

Random Error 

jV* 1 ^ 



Function 

Lb 


Trigonometric Function 

Lb 

Collision 

pjU 

Degree 

V-jJ 

Head-On Collision 

pyilswsi |*0 LaJ 

Accuracy 

OJ 

Deceleration 

( vjl y**) ^ 

Vector Diagram 

py 

One-Dimensional Motion 

( «<k» ) J»lj Ay j 

Significant Digit 


Two- Dimensional Motion 

( j 

Integrated Chip 

LLliu jlljj Luij 

Dynamics 

IS**M 

Radian (Rad) 

(Rad) c>i J-i *<ylj 

Time of Flight 

jljshli i>j 

Causality 


Projectile Motion 

jpL *Sj» 

Velocity 

kj- 

Instantaneous Velocity 

LkvJ iij* 

slug 

Average Velocity 

cLwjm ifij— 

Luminous Intensity 
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CuLJI obJlwJI oil* 


Maas 

JJtf 

Relative Velocity 

if/* 

Rest Mass 

.11 ;t-.<n < jj< ,n 

Free Fall 


Frictionless 

Jl£i»Vi pit i JISs>i 1 

Acceleration 

( ^,Lj ) 

Principle of Inertia 

jjiiiijj-iJil* 

Acceleration due to Gravity 

L«jLvll iLvi 

Free-Body Diagram 

_^>Jl p*»JU ^U! JkLxi 1 

Negative Acceleration 

( yo»U; ) vIL Um 

Incline 

jJL 

Uniform Acceleration 


Coefficient of Friction 

dm** JjU. 

Kinematics 

Kj-.I.-.jOl 

Static Coefficient of Friction 

dii*»Vi >lu 

Average Speed 


Kinetic Coefficient of Friction 

j«u« 

Range 


Linear Acceleration 


Projectile Trajectory 

Jyjill jt-* 

Relativistic 

if#* 

Trajectory Equation 

jLi> ibU» 

Theory of Relativity 


Projectile 

JjWU 

Weight 

iyj 

Tangent 

O-U, 

Apparent Weight 

jjj 

Slupe 

> 

Jaill 

aJISJI J^mJI 


Equilibrium 

jj\y . yl/i 

Friction 

d&>i 

Static Equilibrium 

j*# 5 '" 1 (jj'r) i'j 51 

Static Friction 

ImI JUuu») 

Line of Force 


Sliding Friction 

jilljJI dl£i>l 

Lever Arm 


Dynamic Friction 

dlli>l 

Moment Ann 

f >ll ^ 

Atood's Machiue 

iS 

Lever 

Uilj 

Weightlessness 

OjyllfU! 

Perspective View 

jyM - Jit 

Pulley 


Net Torque 

(Ml f/ 

Compression 

iUiul . Lelw 

Moment 


Gravity 


Torque 

y'j^ 1 f? 

Gravitation 

i*jl* ■ 

Moment of The Force 

iyil! f > 

Free Body 

j>r* 

Tangential Force 

V>L iy> 

Reaction 


Axis of Rotation 


Angle of Repose 

iyl} 

Center of Gravity 


Spring 

Vj 



Net Force 

owul ( ILiXj ) OLo 


Massless 

ih<ll pjjje 

Erg 

( oil> »J>y ) £j! 

Action 

>» 

Elecronvolt (eV) 

() Uy j^! 

Inertia 

/W'jH 1 

Simple Machine 

4 Lj .. m 

Action-Reaction Law 

J 4 JI jjj J*Ui oyli 

Nuclear Fusion 


Newlun’s Laws of Motion 


Nuclear Fission 

Jjji jlklil 

Force 

5 J» 

Conservation of Energy 

iilUl (jl) »li< 

Friction Force *y < J&*l »y» 

Pulley System 


Reaction Force 

Jjl J, iy 

Gravitational 

‘ j»6 

Normal Force 

Vyf ty 

Perpetual OscillaLiun 

Ab 

Action Force 


Elementary (’article 

jrff*** 

Limiting Value 

Lui 
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^uk!l obJkoll JaiS 


Center of Mass 

ili&ll/ji 

Geometric Center 


Reference Level 

( s **) 

Rate 

JjAl 

Work-Energy Theorem 

otyij JaAH 'up 

Extended Work-Energy Theorem Lwyli 3WI) J^JI 

Apogee 

< jip jt *y1) g/f! ^ 

Perigee (yi^l i> ^ yj*') v***^*^ 

Watt 

(iji ii> } ) lil) 

^jU! J*aJI 

Scattering 

pj3 m ijUwull 

Ballistic Pendulum 


Inelastic Collision 

0 / r jU 

Elastic Collision 


Impulse 


Jet Propulsion 

jap 

Recoil Velocity 

jIjJjHI «jy 

Pressure 

La* 

Wavelength 

i* Jl < J>}\ J)UI 

Compton Effect 

0^ ( 

Photoelectric Effect 


Low of Conservation of Linear Momentum 
^1 

Momentum 

4J/aHW 

Linear Momentum 


Rocket Engine 



Angular Displacement 

Vlb **’j! 

Event Horizon 

Jil 

Curvature 

»L*J) 

Satellite 


Gravitational Constant 

Lujb>J> o<(3 

Black Hole 

Jj-' ^ 

Orbital Motion 


Geodesics 

( Lyh* 

Great Circle 

jJm)I iylJI 

Degree (Deg) 

( ;j *J) «*J J 

Period 


Revolution (Rev) 

(Rev) ijjJ 

Orbital Time 

lijL* 6*j 


Joule (J) 

( oU> 

Loud 

J** 

Work Output 


Power Output 


Peipetual 

J*l > ffo 

Work Input 


Power Input, 

ijjill J»J 

Work 


Energy 

Silk 

Binding Energy 


Potential Energy 

j+x'l Ole 

Gravitational Potential Energy (GPE) 

( wyi Ulh ) JM 5Ui 

Elastic Potential Energy 

yjli ^ iiUi 

Thermal Energy 


Kinetic Energy 

itj* 5i(L i iiW 

Mass Energy 

• 

Electrical Energy 


Chemical Energy 


Mechanical Energy 

LS/iKm iilt 

Nuclear Energy 

Ljw iilt 

Wheel And Axle 

*1**JI jjxij iM 1 

Mechanical Advantage 

0JjG 

Actual Mechanical Advantage (AMA) 

LiuliJl UUJl 

Ideal Mechanical Advantage (IMA) i*JKll A^i^i “M* 

Matter-Antimatter Annihilation wU' ijlil *U» 

Conservation Law 

() *l*t or 1 * 

Law of Conservation of Energy OyJU 

Power 

Djjj 
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Power Rating 
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Conservation Force 

( oislii»l) ibslv* eyi 

Elastic Force 


Point Mass 


Efficiency 
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jl£,l ikL i jlfijl 
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jL5 ijuu 
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L-llu iij* 

Parallel-Axis Theorem 


Angular Acceleration 
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L»lu slxt 

r 

lilt J*il! 
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Turbulence 
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Flow 
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Transnational Kinetic Energy iiilk 

Crystalline Solid 

JjyL j«l> 

Rotational Kinetic Energy 

*Sj» «u» 

Velocity Profile 

syl> 

Hoop 

i> * j> 

Rigidity 

i i j‘L*> 

Moment of Inertia 

j^sill f£ft 

Elastic Limit 

iyll MJI > iijjll J* 

Right Hand Rule 

jiJI jJi jfiti 

Flow Line 

( jiJ ) yL-ii J«* 

law of Conservation of Angular Momentum 

Oscillation 

w 


jyyi Jf*uJl Wi 4* jyili 

Terminal of Shear 

4ylj 

Rated Power 

ijjL . ijji 

Terminal Velocity 

sni+i «r* 

Transnational Inertia 

jtoi jjii ^ 

Centipoise (cp) 

( ) j 1 * 

Rotational Inertia 

jJli jyi 

Pressure Differential 

JULbku 

Ellipse 


Absolute Pressure 

jlkilaAtf 

Quantum ( 

iail/uiJ _y^>i ) 

Buoyancy 


Rotational Momentum 

jiljjJl 4#*$ 

Reynold’s Number 

j j yo ■»■>* 

Angular Momentum 

lijijli Jjxili W 

Incompressible 

btuiSJ Jati y 

Quark 

w 

Poiscuillc’s Las 

jo 1 * oy^ 

Spin 

i^ju 


- 1148 - 





iuUl ol>l)i,rtll Lilli 


Gag Constant 

oljUJl cyU 

Stock’s Law 

o-Sji-Oyll* 

Knot Mean Square (rms) Speed 

jo* j* 

Scaling Law 

^1 jyti 

Gas Tight 

jUb 

Hooke’s Law 


Must Probable Speed 

p*i\ UjJI 

Shear 


Average Velocity 

KS>y +Jl 

Buoyant Force 

jiLH Sji 

Absolute Zero 

jlidl ji-Jl 

Shear Furce 

<_tfj iji l Jflill >y 

Barometric Pressure 


Retarding Force 

( Oyu ) iiJuli 5y 

Avogadru’s Number 

jDJl+yl Jif 

Drag Force 

Lll^Jl Ljlill !y 

Real Gas 


Density 

iiltf 

Ideal Gas 

JlLjU 

Incompressibility 

(Uufll LL'j f ^) vblUil'i 

Gay • Lussac’s Law 

JLy. jl> jjjli 

Viscosity 


Charlc's Law 

Jjli j^li 

Macroscopic 

jV ‘ vyi-j/L 

Zeroth Law uf Thermodynamics 

Manometer 

( oljUJl 1wi-i yiljl jlf* ) jiiyL 

iiuM JjLaJI ^lill 

Fluid 


Ideal-Gas Law 

JlllljliJIyyJli 

Archimede’g Principle 

y-Ojiijl Ilf* 

Molecular Mas6 

1*1^1 (bill 

Gauge Pressure 

iuL» J)lli 

Atomic Mass 

V^jil dtfJi 

Elasticity 

h/ 

Kilomule (Kmol) 


Frontal Area 

i>L» 

Celsuis Scale 


Bernoulli's Equation 

Jyji 

Fahrenheit Scale 

cii+j rfS y-Lii 

Elastic Modulus 

iij^ll Jibu 

Centigrade Scale 


Bulk Modulus 

i^jJI iij^l Jjbu 

Kelvin Scale 

( jlkll ) yd5 

Shear Modulus 

jimJI J»L» < Cfjill iij Jl JtLu 

Absolute Scale 

jlhll 

Drag Coefficient 

1*_jUj J«Lm 

Mole (mol) 

( 

Young’s Modulus 

J*^* 

Kinetic Theory of Gases 

oljUU Ljliu 

Flow Rate 

Jin 

jjUJI JmmJI 

Sedimentation Rate 

Shear Rate 

ve-jSh ( ) Ji~ 
yAlll JiAl 

Emiggivity 

VaI+i i <j/Uwl 

Ultimate Strength 

( JjkJI ) iljUl! 

Radiation 

gUJI 

Pressure Gauge 

kijileh 

Absorptivity 

Lh,UuI 

Millippogeuille (mpl) 

( 4*j}l 5i>j ) J<}ly jli*i 

Heat Transfer 

lijlj* Jlasll i ijljaJI Jliiil 

Microscopic 


Fusion 


Torricelli's Theorem 

9 kP 

Saturated Vapour 


Wind Channel 

{kip 

Evaporation 


Yield Point 

( iXu-.'il ) lltti 

Vaproization 


Breaking Point 

_>-£ll iki 

Temperature Gradient 

ijl^l O-jJ gjji 

Specific Gravity 

1 jl 111 1 oU2Ji 1 jty 11 yjjll 

Sublimation 

Change of Phase 



Thermal Expansion 

6jj> ^ 

Thermal Equilibrium 

yljjl 

Thermal Conduction 

Jj'j* ^*9 

Thermocouple 


ConvecLion Current 

vH'j^ 

Maxwell Distribution 


Stefan-Boltzmann Constant. 

jLjjl^ - ytijl- CIlG 

Boltzmann’s Constant 

ytljlly Old 




LuLdl oLvilwi 1 -uil? 


Triple Poiut 

iJtdJJi skill 

Black Body 

jjJp* 

Freezing Point 

jLU>w)! load 

Heat of Fusion 

jl+kll Jjlj> 

Thermal Unit 


Heat of Vaporization 

jWj* 

British Thermal Unit (Btu) (v-C l) ■<o l j> *■»*} 

Heat of Sublimation 


ji* jilDi J^uJI 

Latent Heat 

Specific Heat 


Heat Engine 


Thermal Motion 


Entropy 

Wju"! 

Convection 

>> 

Isotherm 

( 

Buud 


Free Expansion 


Chemical Bond 

IhW 

State Function 

UU lib 

Phase Diagram 

jyW' oi* r j 
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Insulator 

J)U 

Throttling Process 

jiWtjiwuil’ JuiUj •at*' 

Monatomic Gas 

ijili jjI»I jla 

Isovolumctric Process 

loll 4 ^Ls 

Diatomic Gas 


First Law of Thermodynamics 

Stefan's Law 


State Variables 

ULatlujU JjSll jji’ill 

ilU* *Ajtlm 

Calomctry () typ *' 1 *** ^ 

R-Value R 

Thermodynamic System 


Caloric 

< Jj'j-Jl JW)^ 

Equiportition Theorem 

jjUill |kj-x!Jl Ijjkj 

Kilocalorie(kcal) 


Surroundings 

l#>J | kyi 

Calorimeter 

f** 

ji# 

Volume Expansion Coefficient j**oJl J*l" 

Coefficient of Volume Thermal Expansion 

Peak Width 

Probability' 

JUt>l l iJUi*l 

bjIyJl JAkJl J 4 I 0 

Coefficient of Linear Thermal Expansion 

Expected Deviation 

Reversible 

bjii I_»L»0I 

Linear Expansion Coefficient 

Jjkll jjjil'’ JjUi 

jjbJI JAiill JiU* 

Macroscopic State 

( Lb') LljjSU Ut» 

Thermal Resistance 

Vjl/' ^ 

Microscopic State 

( sh» 

Mechanical Equivalent of'lleat 


Heat of Combustion 


Fusion Curve 

jt+kHi 

Refrigeration Cycle 

5 Jp 

Vaporization Curve 

j**- 

Throttling Valve 

jii. flu 

Sublimation Curve 

^LiJI 

Heat Exhaust 

b;lp- r jU 

Conductor 


Disorder 

f t is 'll 1 .jiji 

Thermal Conductivity 
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oUlkell i*jl» 


Wave Trough 


Second low of Thermodynamics 


Stiffness 

‘ W 


Principle of Superposition 

^lyll ljuu 

Efficiency 

0 *11$ 

In Phase 

( j|)Wl 

Maximum Efficiency 

s.UiJi 

Out of Phase 


Tail Pipe 

( jLLt) 

Wave 


Evaporator 

yy 

Corapressional Wave 

fahai -*’ 1 u 

Steam Engine 


Resonance Wave 


Heat Engine 


Lougiludinul Wave 


Camot Engine 

yj 15 

Transverse Wave 

K>y 

Heat Pump 


Standing Wave 

( Cjiti ) i>w 

Coefficient of Performance (COP) 

*b^l J<Lu 

Vibrator 

y* 

Order 


Pulse 

Herts (Hit) 

( Jjjill 

Refrigeration System nyi ()lf> ^ 

J^mII 

Vibration 

JljljUl t jljM 

Frequency Response 

ijJJ y i^lkuJ 

Forced Vibration 


Bel (B) 

(*•*»! > J< 

Damped Vibration 

( jl*v< ) JSLili jljist 

Rarefaction 

jjdki 

Antinode 

(i j*?Ub 

Interference 

J>lji 

Frequency 

>iy 

Constructive Interference 


Fundamental Frequency 

J- L ' "P 

Destructive Interference 


Resonance Frequency 

CnhjH jjjj i jjjJI 

Beat Frequency 

oL -ill WjS 

Huruiunic 

ijjly 

Wavefront 

Lyky . i±*U 

Spring Constant 

Jjwjll culi 

Loudness 

•M 

Force Constant 

syll ouU 

Sound Pitch 

OjrfJI i>jJ 

Critically Damped 

( 

Sonic Boom 

}*l> jljlM 

Simple Harmonic Motion (SHM) 

■ ijiiiy 

Decibel (db) 

( ‘i#y »l»j) 

Sinusoidal Motion 


Diupliragm 

‘LAi.dj 

Periodic Motion 


Frequency Shift. 

( JJjil i>)»j) OJJ J 

Wave Motion 

' 6 r 

Supersonic Speed 

dj* *Ar 

Reference Circle 

jL»)l iy\i 

Intensity 

)Jw 

Vibration Cycle 

Sjjj 

Ray 

tf 1 * 4 

Oscillation 

VV 

Iufrasound 


Resonance 


Ultrasound 


Overdamped 

( ) ibUll oilj 

Beats 

obyjl 

Wave Speed v>y' WyJ 1 < i*jll 

Doppler Kffect, 

ij*U» 

Amplitude 

Iw 

Harmonic Number 


Elastic Potential Energy 

Ojll JUfjkJt Ulb 

Mach Number 


Phase 


Path Difference 

jUlj> 

Wavelength 

JjUl 1 l»y\ Jjb 

Inverse Square Law 

po^ll tyiti 

Mode 

( \j>y ) tab 

Threshold ofPuin 

jJI'l Jlu 

Wave Crest 

i*ji' id i *&y id 
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OxUll ab'U m ll 


\: 


Series Connection 

Jlyll ^ J^yll 

Threshold of Heanng 

£«JI JJ*. 



Loudspeaker 


Electric Current 

jl*Jl 

Intensity Level 

•Xwll Jy-M 

Resistor 


Sound Level 

OyaJl Sy~** 

Ohm’s Law 

ri 1 op 1 * 

Point Source 


Resistivity 

tpjlill 

Ultrasonic Waves 

V** 1 jyi ol>^# 

Kirchhoffs Junction Rule u 

UwuJl 

Shock Wave 


Circuit Analysis 


Sound Wave 


KirchhoffsIxwp Rule Jyiij#SJ Sj^i Sifli 

Spherical Wave 

*ijjS 

Super conduction 


Conical Wave 




Plane Wave 

Oy_*o i> m 

£jLJ! 


Tone 

Ui 

Magnetic Field 

^LUJl JLkJI 

Overtone 


Right-Hand Rule 

^114) 1 jjl 0 

Sound Quality 


Cyclotron 

Hall Effect 

«*W> 

jitfi ^jUI 

Solenoid 


Charging By Induction 

( jjJblL ) o»JIj 

Ampere's Law 


Charging Ry Conduction 

l J t t_0yjJQ yxill 

Magnetic Moment 

f j«ll 

Grounded 

( 0 *j% J-e** ) cs»jd* 

Galvanometer 

jiUySI 

Law of Conservation of Charge 

iJJJl •Of 

Ammeter 


Coulomb’s Law 

f M ^ 

Voltmeter 


Quantum 

c** hi* 

Domain 


Test Charge 


Electromagnet 


Electric Field Strength 

jtj#' JWW 

Relative Magnetic Permeability vliij 

Lines of Electric Field 


Curie Temperature « 

* b'y W 

Electric Flux 

jtjt® 



Gauss’s Law 

or'i 



Electrostatic Condition 


Primary Coil 

Jill 



Secondary Coil 

^uldJ 1 Jill 

wLJl J^suUl 

Induced Emf 

J j j 

Electric Potential 

jot® W 

Magnetic Flux ( jkiOll) >^1 

Volt 

oijtii 

Faraday’s Law 

jljljli ijiti 

Voltage Difference-Voltage 

^uyjl. -4*11 jji 

Magnetic Induction 


Equipotsntial Line 

opJI ^jLj JU» 

Lcnz’s Law 

ji) 

Electromotive Force (E.M.F) 

(J.j.j) <*iu< «y)i 

Mulual Inductance 

ibUl UUJI 

Absolute Potential 

M a«ji 

Self Inductance 

LjJljJl UUJI 

Capacitor 

jsat 

Inductive Time Constant 

ji*JI J**} 11 ' i <^ 1 

Capacitance 

UJI 

Alternating Voltage Generator 

Jjjill ^Jl Jy* 

Dielectrics 

^1(0^1)^! 

Electric Motor 


Dipole 

vhiJi jllil 

Transformer 


Dielectric Constant 

Jj/JI OfU 



Parallel Connection 
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Huygens Principle 


Exponential Decay Curve 


Interference 


Capacitive Time Constant 

jMjll c^ISJI 

Constructive Interference 

-ulll 

Capacitive Reactance 

JjIvJI JjJt 

Destructive Interference 

r iVn 

Inductive Reactance 


Fringes 

oUa* 

Impedance 

UjUll 

Double Slit 


Resonance Frequency 

jjji 

Interferometer 

>IjuJ| J .U 



Equivalent Optical Path Length 

jLil Jjl> 

jjj&dlj jjuJI JuuJI 

Thin Films 


Electromagnetic Waves 


Diffraction Grating 


Electromagnetic Wave Spectrum 

Spectral Lines 

kJjhJl 


<i uAjjj-fU 1 oL>tll 

Grating Spectrometer 

jj}x. jj 

Microwaves 

( yjl ) Vjj&ill *ttyll 

Polarization 

ytlii^l 

Infrared Waves 


Plane-Polarization 


Visible Light 


Brewster's Angle 

* * Sj'j 

Ultraviolet Waves 

LjkJuJI j j oUjil 



X-Rays 

,^1 Lei 


Gamma Rays 

Ll> id 

Far Point 

Siyujl ihiiJl 

Reception 

Jl£J 

Near Point 

iLiuJi 

Solar Constant 

j—All c*lSJI 

Myopia Or Nearsightedness 

jl»JI yi j! 1 up 

Luminosity 

-* 1 

Hyperopia Or Farsightedness 

jDi Jjb ji 



Spherical Aberration 


OJUJi >U1 

Chromatic Aberration 


Reflection of Light 

‘^oJl jy’viu! 

Linear Magnification 


Plane Mirrors 

^y*-H Vjll 

Angular Magnification 

jyjJ! ja^ 11 

Virtual Image (Imaginary Image) i^jDI S^-Jl 

Objective 

5-0*11 

Focus-Focal Point 

LjjJl ilujjl i ijjJI 

Achromatic Lens 

^ 'i Li; 

Focul Length 

mJ! 

Eyepiece or Ocular 

IluZ <-iit 

Ray Diagrams 

;U p 

Refractors 

i r bJ! olyUdl 

Real Image 

W>';r 

Reflectors 

<-SWl oL^LuliJl 

Object Distance 

JJO 

Angle of Deviation 

■yd 1 i^jlj 

Image Distance 

Hu 

Dispersion 

IP' 

Mirror Equation 

»ui dju< 



Magnification 


J*«JI 

Refraction 

jLSlUl 

The Postulates of Relativity 

‘jy 

Index of Refraction 

juS*i\ J*i*4 

Reference Frame 

jU-i[ hlli 

Snell's Law 

«ji- » i>yii 

Inertial Reference Frame 


Total Internal Refraction 

^ISJI jtyjJl jdiuHl 

Simultaneity 


Converging Lens 

iu'll. «ju>j *_at 

Relativistic Factor { jyi-ill J*WI ) 

Diverging Lens 

Dyu i~j* 

Time Dilation 

^jll JjOiJ 

Thin Lens Equation 

tijijll ojmII <JjIm 
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